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Abstract

This PhD thesis investigates the role of physical activity (PA) in enhancing the health
and well-being of older adults in care homes. Focusing on the impact of PA on key health
indicators such as cortisol and dehydroepiandrosterone (sulphate) (DHEA(S)) levels, sleep
quality, and well-being, this research explored the potential of digital interventions in
promoting healthy ageing. First, this research uncovered that regular PA improves cortisol
and DHEA(S) levels and enhances sleep quality in adults through two systematic reviews and
meta-analyses. The findings highlight the need for further research into the mechanisms
underlying these effects and the interplay between cortisol, sleep, and PA, particularly in
older adults. Second, a realist evaluation of a feasibility study (Intervention One)
demonstrated that implementing a digital music and movement intervention in a care home
setting is feasible, albeit with challenges such as participant engagement and resource
allocation. Notably, the intervention led to improvements in anxiety, depression, and sleep
satisfaction among participants. Third, the subsequent pilot RCT (Intervention Two) provided
insights into the intervention's efficacy, revealing its positive impact on anxiety, loneliness,
fear of falling and DHEA levels despite methodological challenges. It further provided
specific progression criteria to proceed to a more extensive randomised controlled trial (RCT).
Overall, this thesis represents a progression from a comprehensive systematic literature
review to a feasibility study and a pilot RCT, setting a foundation for a future full-scale RCT
of a digital music and movement intervention in care homes. It contributes to the
understanding of PA's role in promoting healthy ageing, particularly in care home settings.
The findings underscore the potential benefits of PA facilitated through digital interventions
for older adults’ health and highlight the necessity for further research to optimise
intervention implementation strategies, including recruiting a broader spectrum of older
adults, especially regarding sex, ethnicity and cognitive capabilities. This is needed to fully
comprehend PA's impact on physical and mental well-being among older adults in care home

settings.
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Thesis outline

This thesis consists of six chapters, including four studies. Chapter One serves as the
introduction to the thesis, offering an overview of the PhD project, introducing relevant topics
pertinent to this thesis, and outlining the aims and objectives of the PhD. Chapters Two and
Three feature the peer-reviewed systematic review and meta-analysis papers. Further,
chapters Four and Five report the peer-reviewed papers on the two intervention studies.
Chapter Six, the Discussion chapter, offers critical considerations on the PhD project,
integrating conclusions drawn from the preceding chapters. The findings correspond to the
pre-defined research questions, yielding both academic and clinical guidance and perspectives
for future research. This chapter also encompasses a discussion and critical evaluation of the
strengths and limitations of the included studies, thereby enabling readers to assess the

research's reliability and validity.
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Foreword

The Stress, Healthy Ageing and Physical Exercise (SHAPE) project aimed to deepen
our understanding of physical activity’s (PA) effects on cortisol, DHEA(S), physical function,

and well-being in older adults, thereby promoting healthier ageing.

This doctoral thesis presents the research undertaken as part of this project under the auspices
of the Faculty of Health Sciences and Sport at Stirling University, particularly by the 'Stirling
PA Research, Knowledge & Learning Exchange' (SPARKLE) research group. Owing to its
considerable size and scope, this interdisciplinary project encompassed the involvement of
two PhD students. The author of this thesis (LDN), an MSc in Rehabilitation Sciences and
Physiotherapy, examined the impact of PA on cortisol and DHEA(S) levels and sleep quality
and the relationship between PA and physical function. At the same time, the other PhD
student (EO), an MSc in Psychology, focused on psychosocial health markers in older adults
from a psychological perspective. Although both PhD students contributed equally to two
published papers, they maintained distinct and clear research focuses throughout the project.
Collectively, these dual PhD perspectives sought to unravel the interactions between physical
and psychosocial factors affecting older adults' health and well-being, thereby offering a more

holistic understanding of the determinants influencing this demographic's health.

An overview of the PhD project, specifically focusing on the contributions of LDN over a
three year period is provided in Figure 1.1. The figure outlines the major tasks and milestones

achieved.
First Year:

- Systematic Review 1: Examining the relationship between physical activity (PA),
cortisol, and dehydroepiandrosterone sulphate (DHEA(S)).

- Systematic Review 2: Investigating the connection between PA, cortisol, and sleep.
Second Year:

- Study 1: Feasibility study of a digital music and movement intervention in care homes,

together with a bespoke well-being company (danceSing Care (DSC)).

Third Year:
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Study 2: Pilot Randomised Controlled Trial (RCT) of the DSC intervention.
Study 3: Exploring the relationship between PA, sleep, and antibodies.

Stress, Healthy Ageing and Physical Exercise (SHAPE) PhD project (Focused on the contribution of LDN)

First Year

Second year

Third year

f Systematic review 2

Dissemination & implementation

I—D

PA, cortsol & sleep

LDN

( Systematic review 1:
PA, cortisol:DHEA(S)

Statement of 4

Study 3: PA, sleep
& anfibodies
Y

Focus on realist

evaluation criteria

Focus on progression

Completion o
rationale &
objective of PhD
thesis

Focus on stress &
sleep markers

rationale &
objective of PhD
thesis

: ‘
L

| ystematic Teview EC0
— PA, anxiety &
depression

Second
reviewer =]

Focus on stress and sleep markers,
physical function & endocrine tests

Study 2: pilot
RCT of DSC

Focus on psychosocial wellbeing, focus groups & interviews

Figure 1.1 Personal contributions to the PhD project.

Note. LDN: Len De Nys, EO: Esther Ofosu, PA: Physical activity, DSC: DanceSing Care

CRediT authorship contribution statement

The CRediT authorship contribution statement is provided for each study below to

delineate this PhD project's distinct focus and effort of the two PhD students. For all studies

conducted during this PhD project, the supervisory team (GR, JC, and AW) was involved in

conceptualisation, methodology, supervision, writing, review, during this PhD project, the

supervisory team (GR, JC and AW) was involved in conceptualisation, methodology,

supervision, writing — review and editing. Delineated below are the contributions of the PhD

students working on this project.
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Systematic review 1:

Len De Nys: Conceptualisation, Methodology, Investigation, Formal analysis, Visualisation,

Writing — original draft. Esther Ofosu: Formal analysis.
Systematic review 2:

Len De Nys: Conceptualisation (lead), Methodology (lead), Investigation (lead), Formal
analysis (lead), Visualisation (lead), Writing — original draft (lead). Esther Ofosu:

Conceptualisation, Methodology.
Intervention 1:

Len De Nys: Conceptualisation (equal), Methodology (lead on realist evaluation and equal on
quantitative methods), Investigation (equal), Formal analysis (equal), Visualisation, Writing —
original draft preparation (equal). Esther Ofosu: Conceptualisation (equal), Methodology
(lead on qualitative methods and equal on quantitative methods), Investigation (equal),

Formal analysis (equal), Visualisation, Writing — original draft preparation (equal).
Intervention 2

Len De Nys: Conceptualisation (equal), Methodology (equal), Investigation (lead on physical
function tests and endocrinologic markers), Formal analysis (equal), Visualisation, Writing —
original draft preparation (equal). Esther Ofosu: Conceptualisation (equal), Methodology
(equal), Investigation (lead on well-being markers), Formal analysis (equal), Visualisation,
Writing — original draft preparation (equal).
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Chapter 1: Thesis Introduction
1.1 Physical activity and healthy ageing

Over recent decades, there has been a notable increase in lifespan in the Western
world (Roser et al., 2013), primarily due to advancements in medical science and improved
living standards. However, this extension of life expectancy has not uniformly translated into
additional years of good health (Crimmins & Beltran-Sanchez, 2011; Crimmins, 2004). The
rising prevalence of long-term multimorbidity is placing a tremendous strain on healthcare
systems (Barnett et al., 2012) and deteriorating individuals' quality of life. As a result,
understanding the factors that contribute to healthy ageing, defined as maintaining functional

ability that ensures well-being in older age (Beard et al., 2016), becomes crucial.

Physical activity (PA), defined by Caspersen as any bodily movement produced by skeletal
muscles resulting in energy expenditure (Caspersen, 1989), plays a role in promoting good
health and particularly in facilitating healthy ageing across the lifespan (Macera et al., 2017,
Peterson et al., 2009). Nevertheless, the specifics of how PA can enhance health span, or the
period of maintaining wellness in old age (Aronson, 2020), require further exploration.
Notably, a recent study found that consistent PA significantly lowers the risk of disability in
older adults, underscoring the potential of PA as a key intervention in the realm of healthy
ageing (Dos Santos & Gobbo, 2021).

The challenge of healthy ageing is accentuated in the UK, where there is a notable decrease in
life expectancy free from disabling illness (see Figure 1.2). Moreover, as the ageing
population grows, so does the number of individuals at risk for unhealthy ageing (ageing-
better.org.uk). Addressing lifestyle factors, including diet, smoking, alcohol consumption,
obesity, and, notably, PA, emerges as a critical strategy for promoting health in older adults
(Khaw et al., 2008; Loef & Walach, 2012; Minkler et al., 2000; Morley & Flaherty, 2002;
Peel et al., 2005).
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Disability-free life expectancy at birth and years lived with disability by sex and period, UK
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Figure 1.2 Disability-free life expectancy at birth reduced by 0.7 years for males and 1.2
years for females in the UK between 2015 to 2017 and 2018 to 2020. Source: Office for
National Statistics (Office for National Statistics, 2021)

In an effort to promote regular PA, the World Health Organization (WHO) revised its 2020
guidelines on PA and sedentary behaviour (Bull et al., 2020). These guidelines advocate for
older adults aged 65 and above to engage in 150 to 300 minutes of moderate-intensity aerobic
PA weekly or its vigorous-intensity equivalent. Activities focusing on balance and
coordination are also recommended three times per week, which is vital for enhancing
functional capacity and reducing fall risks. Despite these guidelines, a worrying trend of
global non-adherence has been noted, especially among older adults (Garcia-Hermoso et al.,
2023; Gomes et al., 2017). This may be attributed to factors such as limited accessibility to
safe exercising environments, physical limitations, or a lack of awareness about the

importance of PA.

A landmark paper about PA’s importance revealed that engaging regularly in PA can
dramatically reduce the risk of premature death, a benefit that is even more pronounced in
individuals who were previously sedentary (Warburton et al., 2006). Additional studies echo
these findings, associating PA with numerous health benefits, including cognitive and
physical function during older age (Erickson & Kramer, 2009; Peterson et al., 2009; Yates et
al., 2008), well-being (Higueras-Fresnillo et al., 2018; Sjosten & Kiveld, 2006), mental health
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(Singh et al., 2023), and healthy ageing (Chodzko-Zajko et al., 2009; Daskalopoulou et al.,
2017).

In conclusion, addressing the challenge of declining healthy ageing in the UK, particularly as
the population ages with increasing disabilities, is important. This thesis aims to contribute
directly to this challenge by investigating the impact of PA on the well-being of older adults,
thereby offering timely insights into healthcare strategies.

1.2 Population and setting
1.2.1 Contextualising older adult care

Recently, the focus on older adult care has increased, mirroring the global trend
towards an ageing population. By 2050, almost 22% of the global population is estimated to
be over 60 years old (WHO, 2022). This demographic shift intensifies the demands placed on
older adult care systems globally. The spectrum of older adult care, ranging from care homes
to community centres, has expanded to include diverse approaches such as personalised care
plans, technological aids, and community engagement initiatives, all aimed at ensuring the
well-being of older adults. The demographic shift brings with it several challenges, which can

be categorised into five key areas:

1. Resource constraints: The increasing number of older adults puts financial pressure on
care systems, leading to budgetary constraints and prioritisation issues. This affects the
ability of these systems to offer comprehensive care, often leading to disparities in the

quality of services provided.

2. Mental and emotional health: Emotional and psychological issues are prevalent among
older adults. Conditions such as loneliness, depression, and anxiety are common and
can be exacerbated by other health issues like dementia or Alzheimer's. This aspect of

care is important, as it directly impacts the well-being of older adults.

3. Quality of life: Challenges such as limited mobility, chronic pain, and cognitive
decline significantly impair the quality of life for older adults. For those in
institutionalised settings like care homes, these issues are compounded by more
restrictive environments, leading to reduced social interaction and engagement in

activities.
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4. Multimorbidity and frailty: With age comes an increased likelihood of multimorbidity
- the coexistence of two or more chronic medical conditions. This, combined with
frailty, a syndrome marked by a decline in physiological reserve and function, makes
care more complex and demanding. It impacts the dynamics between healthcare

providers, patients, and their families.

5. Individualised care: The diversity in backgrounds and personalities among older adults
makes a generic approach to care suboptimal. Personalised care plans that
acknowledge individual histories, preferences, and conditions are essential to

effectively address the unique needs of each older adult.

Healthcare systems and societies need to adapt and evolve in response to these demographic

changes to ensure the well-being of older adults.
1.2.2 Multimorbidity, frailty and PA

As the UK care home resident population ages, two critical health concerns have
emerged: an increasing prevalence of multimorbidity and a high rate of frailty, which reduces

the ability to perform daily activities and increases vulnerability to stressors (Xue, 2011).

The high prevalence of frailty among care home residents is particularly concerning.
Specifically, while 7-16.3% of community-dwelling older adults experience frailty (Collard et
al., 2012; Rodriguez-Manas & Fried, 2015), this prevalence surges to 52.3% in care homes
(Doody et al., 2023; Kojima, 2015). Given frailty's association with adverse health outcomes
like hospitalisation and mortality (Clegg et al., 2013; Fried et al., 2001; Gill et al., 2006;
Shamliyan et al., 2013; Sourial et al., 2013; Sternberg et al., 2011), understanding its roots

and potential mitigating factors is essential.

In care homes, a concerning trend is the prevalent low levels of PA. This inactivity
significantly contributes to the onset and exacerbation of frailty among residents. Such
inactivity can lead to heightened feelings of depression (Sackley et al., 2006), loneliness
(Rodriguez-Larrad et al., 2021), and overall physical deterioration, contributing to frailty
(Feng et al., 2017; Fried et al., 2001; Gale et al., 2018). Recent research underscores the
protective benefits of PA against frailty at all stages of life (Landi et al., 2010; Peterson et al.,
2009), especially in older populations (Arrieta et al., 2019; Fiatarone et al., 1994). Specific
exercise therapies have even shown the potential to reverse frailty symptoms (Ng et al., 2015;

24


https://sciwheel.com/work/citation?ids=3957811&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=7498079,7499355&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=7498079,7499355&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=7497852,14246583&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=422721,4269529,7497850,1761222,3015408,424642&pre=&pre=&pre=&pre=&pre=&pre=&suf=&suf=&suf=&suf=&suf=&suf=&sa=0,0,0,0,0,0&dbf=0&dbf=0&dbf=0&dbf=0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=422721,4269529,7497850,1761222,3015408,424642&pre=&pre=&pre=&pre=&pre=&pre=&suf=&suf=&suf=&suf=&suf=&suf=&sa=0,0,0,0,0,0&dbf=0&dbf=0&dbf=0&dbf=0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=11850677&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=11850734&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=5428218,13964400,424642&pre=&pre=&pre=&suf=&suf=&suf=&sa=0,0,0&dbf=0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=6249377,3488067&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=6249377,3488067&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=14246662,1111497&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=1492218,1499753&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0

Tarazona-Santabalbina et al., 2016). Chapters Four and Five explore further the relationship
between frailty and PA.

There is mounting evidence supporting the positive impact of PA on both physical and mental
well-being, even for those most dependent in care homes (for reviews, see (Cordes et al.,
2021; Guzman-Garcia et al., 2013; Hwang & Braun, 2015)). However, it shows more
beneficial effects on mental health and cognitive function in older adults without dementia
compared to those with dementia or using wheelchairs (Da Silva et al., 2022). Specifically,
moderate-intensity, tailored exercise programmes have shown promising results in reducing
frailty in these residents (Arrieta et al., 2019). Despite these encouraging results, there is a
need for research to evaluate the feasibility and adaptability of specific PA programmes
across diverse care home settings (Fried, 2016), as these findings can significantly influence

care strategies.

Physical function pertains to daily activity performance, such as personal care and mobility
(Lawton & Brody, 1969). Studies have indicated that older adults with moderate to high PA
levels often showcase superior physical function than their less active counterparts (Brach et
al., 2004; Nusselder et al., 2008; Paterson & Warburton, 2010; Gabriel et al., 2017). This

suggests that PA is paramount in promoting health and well-being in the ageing population.
1.3 PA interventions in older adults
1.3.1 PA interventions in older adults

PA, particularly structured exercise, is widely acknowledged as a key component of
healthy ageing. Research studies have consistently demonstrated that PA can significantly
reduce the risk of various age-related morbidities, such as cardiovascular diseases,
osteoporosis, and diabetes, as well as all-cause mortality (Paterson et al., 2007). However, its
impact on specific aspects, such as cognitive decline, may not be as strong or consistent as
often assumed (Lautenschlager et al., 2008; Snowden et al., 2011). Beyond the general health
benefits, regular PA and exercise play a role in promoting mental well-being, reducing the
risk of depression, and mitigating the negative impact of age (Bherer et al., 2013; Strawbridge
et al., 2002; Windle et al., 2010). Nevertheless, the relationship between PA and mental well-
being can vary, with some studies indicating a weak relationship between quality of life and
subjective well-being (Fox et al., 2007).
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Several evidence-based strategies emerge when considering the most effective exercise
interventions for older adults. The existing literature indicates that activities enhancing
cardiorespiratory fitness, strength, power, and balance are particularly advantageous for older
adults. These activities counteract the age-related declines in these physical components,
ensuring the maintenance of functional capacities essential for daily living (Paterson et al.,
2007). Further, resistance training, meditative movement interventions, and exercise-based
active video games have been identified as particularly effective, with significant effect sizes
noted for improving various health outcomes (Di Lorito et al., 2021). Moreover, aerobic
exercises such as brisk walking, strength or resistance, flexibility, and balance training have
been recommended for older adults to maintain muscle mass, specific muscle-group
performance, and functional capacity (Lee et al., 2017; Mora & Valencia, 2018). Importantly,
these interventions show promise for enhancing the physical function, daily living activities,
and quality of life of frail older adults (Chou et al., 2012). However, one study found that
neither strength training nor all-round, functional training of moderate intensity is effective in
improving quality of life, vitality, or depression in older people living in long-term care
facilities (Chin et al., 2004), which suggests that while PA can be beneficial, its impact on
well-being and health outcomes may vary depending on individual health status, the presence

of multimorbidities, and the specific care setting.

Building upon these findings, this thesis explores how PA enhances healthspan, a concept
referring to the maintenance of wellness into old age (Aronson 2020). A crucial aspect of
understanding PA’s impact on healthspan involves examining the underlying biological
mechanisms that drive these benefits (Rebelo-Marques et al., 2018). One such mechanism
involves significant changes in endocrine pathways during ageing (van den Beld et al., 2018),
particularly affecting the hypothalamic-pituitary-adrenal (HPA) axis. These changes result in
imbalances in adrenal hormones like cortisol and dehydroepiandrosterone sulphate (DHEAS)
(Ferrari et al., 2001), whose roles in healthy ageing, especially in relation to PA, remain
largely unexplored. Despite the known benefits of PA, its uptake is low among older adults
(McPhee et al., 2016), with those in care homes facing additional challenges such as limited
mobility, restricted access to outdoor activities, and reduced social interaction (Sackley et al.,
2006). These barriers not only diminish PA levels but also contribute to adverse mental health
outcomes, including increased depression (Sackley et al., 2006) and loneliness
(Rodriguez-Larrad et al., 2021). Further, technological advances have increased the

development of digital PA interventions (Davies et al., 2012; Muellmann et al., 2018).
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However, their effectiveness for older adults in care homes remains under-researched
(Muellmann et al., 2018). There is currently insufficient evidence to assess whether face-to-
face or remote approaches are more effective at promoting PA (Richards et al., 2013). This
thesis aims to address these gaps, examining the potential of digital interventions in enhancing

PA and improving the health and well-being of older adults in care settings.
1.3.2 Digital interventions for PA

The COVID-19 pandemic, with in-person exercise opportunities drastically reduced or
disbanded due to group size limitations and stay-at-home orders, increased the need for
alternative exercise or social opportunities for maintaining health in older adults (Son et al.,
2020). Frail older adults, many residing in care homes, were particularly affected as they
faced the double burden of social and digital exclusion (Seifert et al., 2021). This situation
emphasised the importance of digital platforms for maintaining PA, leading to an increased
use of these platforms (Bennell et al., 2021; Parker et al., 2021). Therefore, with some of the
COVID-19 restrictions still in place during the PhD project, this thesis examined a digital PA
intervention in collaboration with danceSing Care company (https://dancesingcare.uk/), who
have made customised, on-demand digital music and movement sessions for older adults in

care homes.

With an increasing number of older adults becoming proficient in using electronic devices
like computers and smartphones (Smith, 2014), digital interventions — defined as the use of
information and communications technologies in medicine and other health professions to
manage illnesses and health risks and to promote wellness - emerge as a promising avenue
(Ronquillo et al., 2023; Solis-Navarro et al., 2022). These interventions, delivered through
smartphones, tablets, or computers, have features like online counselling, tailored
instructional websites, personalised messaging, coaching, peer support, and planned activities.
Such interventions offer more straightforward and quicker access to information, reaching

populations otherwise inaccessible through traditional PA interventions (Norman et al., 2007).

Reviews have shown these digital resources to be feasible and well-received (Diener et al.,
2022; Valenzuela et al., 2018). They effectively promote PA across various age groups
(Davies et al., 2012; Norman et al., 2007), including older adults (Foster et al., 2013;
Muellmann et al., 2018). Further, a recent systematic review showed that such interventions

provide small-to-moderate benefits on a range of physical function outcomes, such as
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improved mobility, strength, and balance, and are well-received by older adults in care homes
(Dawson et al., 2023). This is in line with a preliminary rapid review that showed the potential
of digital approaches to support the engagement of older adults in strength and balance
exercises (McGarrigle et al., 2020). Other studies also considered older adults’ mental health
through digital interventions (Deady et al., 2017; Riadi et al., 2022). For example, a
computer-based telecommunication exercise intervention improved strength, balance and
depressive symptoms in older adults (Sparrow et al., 2011). However, the effectiveness of
these interventions in promoting PA among older adults presents mixed evidence and is often
of low-to-moderate quality. In addition, there are still gaps in understanding their efficacy,
especially in areas such as sustained engagement, user experience, and their impact on the
health and well-being of residents in care homes. Although digital interventions can promote
positive health outcomes in older adults, especially those with cognitively frail or vulnerable
conditions, overcoming implementation and evaluation barriers can be challenging (Gutman
& Shade, 2020).

1.3.3 Benefits of music and dance programmes

The integration of music and dance into PA programmes yields various benefits.
Dance interventions, classified by styles from cultural to classical (Rodrigues-Krause et al.,
2019), have shown efficacy in improving physical functions like muscular strength, balance,
and endurance (Hwang & Braun, 2015; Liu et al., 2021; Sooktho et al., 2022; VVordos et al.,
2017). Further, dance protects against falls (Britten et al., 2017) and promotes social
engagement, which is key to healthy ageing (Brustio et al., 2018).

Beyond the physical benefits, integrating music into PA programmes helps mental well-being
(Dingle et al., 2021). Music has the capacity to evoke memories and stimulate dopamine
release, promoting motivation and mental health (Bromberg-Martin et al., 2010; Jakubowski
& Eerola, 2022; Menon & Levitin, 2005). Music therapy increasingly reduces stress in
medical and mental health care settings. It has been shown to have a medium-to-large
beneficial effect on stress-related outcomes (de Witte et al., 2022). Importantly, evidence
suggests that PA initiatives with music elements register higher attendance and motivation
(Clair, 1996; Priest et al., 2004). However, research has shown that music interventions did
not show within-session PA improvements for older adults compared to no-music
interventions, although cumulative benefits may be seen over several weeks (Clark et al.,

2012). While music interventions show promise in older adults, a study on people with
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dementia and their caregivers showed that efficacy can vary, and the effects over time need to
be studied in high-quality trials (Cheung et al., 2022). Integrating music in movement-based
therapies, such as dance sessions in care homes, is an interesting area for research into

physical health and social outcomes.
1.3.4 Adherence to PA programmes

An issue in both digital and traditional PA programmes is the low adherence among
older adults in care homes (Nyman & Victor, 2011). To improve the impact of PA
interventions, it is essential to investigate factors influencing adherence (Collado-Mateo et al.,
2021), especially in technology-based PA initiatives in older adults (Valenzuela et al., 2018).
Recognising important factors, like personal preferences, physical abilities, and social context
will enable a more tailored approach to PA programmes. This tailoring can help both the
appeal and effectiveness of these programmes, aligning them with the specific needs of care
home settings (Westhorp, 2014). However, tailoring programmes presents several challenges
(Bull et al., 1999). Firstly, the heterogeneity of preferences and capabilities in a care home
population at risk of cognitive decline makes it difficult to develop a one-size-fits-all solution
(Cox et al., 2017). Conversely, overly customised programmes may also lead to logistical
complexities and increased costs, limiting the scalability and sustainability of such
interventions (Chapie & Arena, 2020). Secondly, there is a risk that personalised programmes
may inadvertently isolate individuals, reducing opportunities for social interaction that are
important in group-based activities. This could counteract one of the benefits of PA
programmes in care homes: fostering a sense of community and social cohesion (Fakoya et
al., 2020). Therefore, while tailoring PA programmes to individual needs is a valuable
strategy, it must be balanced with considerations of practicality, cost-effectiveness, and the

impact on social dynamics in care home settings.
1.4 PA and health outcomes
1.4.1 The HPA axis, cortisol and DHEA(S) in ageing.

The HPA axis, involving the hypothalamus, pituitary gland, and adrenal glands,
regulates cardiovascular, cerebral, and immune system functions (McEwen & Seeman, 1999)
and serves as the principal stress response system (Chrousos, 2009; Herman et al., 2016;
Tsigos & Chrousos, 2002). Further, the glucocorticoid hormone cortisol is regulated by the

HPA axis (Gjerstad et al., 2018) and plays a central role in the stress response and has various
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physiological functions (Cherrington, 1999; Chrousos, 1995; de Kloet, 2000; Macfarlane et
al., 2008; McEwen, 2007; Munck et al., 1984). Its levels are influenced by stress, circadian
rhythms, and other factors (Nicolaides et al., 2014; Ockenfels et al., 1995; Qin et al., 2016).
Additionally, the adrenal cortex produces dehydroepiandrosterone (DHEA) and its sulphate
ester, dehydroepiandrosterone suplhate (DHEAS), typically co-secreted with cortisol
(Ceresini et al., 2000; Rosenfeld et al., 1971). They not only serve as precursors to other
hormones but also exhibit anti-glucocorticoid, antioxidant, and immunomodulatory properties
(Kroboth et al., 1999; Maninger et al., 2009). Their levels vary throughout the day (Montanini
et al., 1988; Whetzel & Klein, 2010) and are important biomarkers of HPA axis function and
health (Hinson & Raven, 1999; Legrain & Girard, 2003; Lennartsson et al., 2012; Marceau et
al., 2014; Saczawa et al., 2013). Low DHEA(S) levels indicate poor physiological responses
to stress and long-term health status and are associated with increased health risks like
cardiovascular disease and cognitive decline (Barrett-Connor et al., 1986; Morales et al.,
1994). For an exhaustive review of the variance in endogenous DHEA(S) levels related to
specific disease states or influenced by particular activities, see, e.g., (Kroboth et al., 1999).

Ageing is often accompanied by hormonal imbalances (van den Beld et al., 2018), including
alterations in the HPA axis, which in turn affect levels of cortisol and DHEA(S) (Ferrari et al.,
2001). Age-related changes in cortisol production include increased variability and altered
diurnal patterns (Heaney et al., 2012; Ice et al., 2004; Karlamangla et al., 2013; VVan Cauter et
al., 1996), while DHEA(S) levels decline progressively with age (Heaney et al., 2012;
Orentreich et al., 1984). Particularly considering DHEA(S)'s ability to counterbalance
cortisol's adverse effects (May et al., 1990; Wright et al., 1992), a lower cortisol:DHEA(S)
ratio reflects a more balanced state between catabolic and anabolic hormonal influences,
essential for maintaining health and combating age-related physiological decline (Butcher et
al., 2005; Phillips et al., 2007). Imbalanced cortisol:DHEA ratios have been linked to various
detrimental health outcomes, including immune dysfunction (Butcher et al., 2005), increased
risk of dementia (Ferrari et al., 2001), metabolic syndrome (Phillips et al., 2010a), lower
physical function (Heaney et al., 2012), and higher risks of depression, anxiety, chronic stress
(Heaney et al., 2010), and mortality (Phillips et al., 2010b). These findings underscore the

importance of hormonal balance in ageing.
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1.4.2 The influence of PA on the HPA axis

PA is an intervention mechanism affecting the body's resistance to stress and
modulating hormonal responses. Notably, the HPA axis has been the focus of many studies
investigating the influence of PA (McEwen & Morrison, 2013). Repeated and prolonged
exercise induces adaptive changes within the HPA axis, termed the cross-stressor adaptation
hypothesis (Sothmann et al., 1996) or 'hormonal conditioning' (Cadegiani & Kater, 2019).
These adaptations can decrease the hormonal stress response to physical exertion (Hackney,
2006b, 20064a; Silverman & Mazzeo, 1996) and may have beneficial implications in stress
management and improving hormonal balance for older adults. Moreover, long-term exercise
enhances tissue sensitivity to glucocorticoids, which might inhibit inflammatory responses
and promote cytokine synthesis (Duclos et al., 2003; Luger et al., 1987; Sapolsky et al.,
2000). Another avenue worth exploring is the impact of mind-body exercises, which
incorporate mindfulness elements. Such exercises can reduce elevated cortisol levels in older
adults (Lu et al., 2020; Prakhinkit et al., 2014; Tsang et al., 2013). The 'neuroendocrine
hypothesis' suggests that mind-body exercises like gigong may effectively decrease stress
signals to the brain, thereby modulating hormone release and reducing HPA axis hyperactivity
(Ng & Tsang, 2009; Tsang & Fung, 2008).

To test the stress-buffering effects of PA, two randomised controlled trials (RCTs) measured
physiological stress reactions relating to changes in fitness, showing an attenuated stress
response for more fit individuals (Klaperski et al., 2014; von Haaren et al., 2016) while other
research did not find improved HPA axis responses after six-month PA intervention, thus not
confirming the hypothesis that PA could result in attenuated HPA axis reactivity or autonomic
responses to stress (Arvidson et al., 2020). Possible reasons for contrasting results are the
individual variance in the physiological response to acute stress, differences in training status,
and the achieved physiological training effects of the intervention. Thus, although larger-scale
RCTs are needed to further explain the stress-buffering effect of PA, most research implies
that incorporating higher PA for older adults could improve stress reduction and cortisol
regulation (Alghadir & Gabr, 2020; Gothe et al., 2016; Lucertini et al., 2015; Ponzio et al.,
2015).
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1.4.3 The influence of PA on cortisol, DHEA(S), and its ratio

First, while PA generally appears to impact cortisol levels in older adults, contributing
to balanced endocrine profiles (Karlamangla et al., 2002; Kubzansky et al., 1999; Seeman et
al., 1997), research findings are not entirely consistent (Banitalebi et al., 2018; Borst et al.,
2002; Hakkinen et al., 2000; Hayes et al., 2013; Izquierdo et al., 2001; Kraemer et al., 1999;
Sillanpaa et al., 2010). This inconsistency highlights the need for standardised cortisol
measurement protocols (Ryan et al., 2016; Stalder et al., 2016) and further investigation into
how different PA modalities influence cortisol dynamics in ageing populations (Corazza et
al., 2013). Second, research indicates that older individuals maintaining an active lifestyle
tend to have higher DHEA(S) levels compared to their less active counterparts (Abbasi et al.,
1998; Bonnefoy et al., 1998; Heaney et al., 2012; Ravaglia et al., 2001; Tissandier et al.,
2001). However, some studies found no significant changes in DHEA(S) in older adults after
a PA intervention (Aldred et al., 2009), and the response may differ between males and
females (Heaney et al., 2014) and across mental health conditions (Alghadir & Gabr, 2020).
Therefore, a research gap remains in understanding the full extent of PA's impact on these
hormone levels, especially through high-quality RCTs. Third, research indicates that older
adults who engage in regular aerobic exercise have a lower cortisol:DHEA ratio, suggesting a
beneficial impact of PA on hormonal balance (Heaney et al., 2014). However, the influence of
age and perceived stress on this balance remains an area for further exploration. The
predominance of observational studies highlights a need for interventional research to assess

the impact of PA programmes on this hormonal ratio in older adults.

In summary, while progress has been made in understanding endocrine changes with ageing,
there are still unanswered questions, particularly regarding cortisol, DHEA(S), and their ratio
and how they influence healthy ageing. The role of PA, in its various forms and its interaction

with health conditions, remains a key area for investigation.
1.4.4 Sleep and the HPA Axis in ageing

Sleep hygiene, encompassing practices such as maintaining a consistent sleep
schedule, creating a restful environment, and limiting exposure to screens before bedtime, is
widely acknowledged as key for health maintenance (Irish et al., 2015; Irwin, 2015; Kripke et
al., 2002; Mallon et al., 2002). Sleep disturbances are prevalent (Léger et al., 2008), and

become more common as people age. The decline in sleep quality observed in normal ageing
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processes (Crowley, 2011; Espiritu, 2008; Mander et al., 2017) can have significant
implications for health, including cognitive function and metabolic health.

The bi-directional relationship between sleep and the HPA axis, illustrated in Figure 1.3,
reveals that sleep quality can inhibit the HPA axis and reduce cortisol secretion (Weitzman et
al., 1983). This deep sleep phase is important for physical restoration and stress recovery,
making it a key component of the sleep-health relationship. Conversely, disturbances in sleep
can stimulate the HPA axis, leading to increased cortisol levels (Opp et al., 1989; Opp, 1995;
Spath-Schwalbe et al., 1991). Cortisol plays a role in influencing sleep quality (Buckley &
Schatzberg, 2005; Nollet et al., 2020; Steiger, 2002) and sleep-wake cycles (Buijs et al.,
2003; Dickmeis, 2009; Kalsbeek et al., 2006). For instance, alterations in cortisol levels can
affect sleep patterns, including changes in the time spent in different sleep stages and sleep
quality (Born & Fehm, 1998).

The interaction between cortisol and sleep patterns is vital for healthy ageing. However, its
balance remains to be fully explored (Born et al., 1999). Given that cortisol dysregulation and
poor sleep can lead to downstream health effects, it is important to understand how these
factors interact (Ono & Yamanaka, 2017).
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Figure 1.3 Sleep and the HPA axis.

Note. CRH: Corticotropin-Releasing Hormone, ACTH: Adrenocorticotropic Hormone, REM

Sleep: Rapid Eye Movement Sleep, HPA Axis: Hypothalamic-Pituitary-Adrenal Axis

1.4.5 The influence of PA on cortisol and sleep

Given the close connection between stress and sleep, PA may mitigate stress effects,
potentially enhancing sleep quality (Zschucke et al., 2015). Several studies have highlighted
the beneficial effects of PA on sleep quality. Regular PA has been shown to enhance sleep
efficiency, decrease sleep latency, and improve sleep architecture (Kredlow et al., 2015;
Uchida et al., 2012; Vanderlinden et al., 2020; Wang & Boros, 2019). Given the interaction
between the HPA axis and sleep during ageing, PA could be an important intervention for
both. The systematic review in Chapter Three, focusing on PA's effects on stress and sleep,

will offer insights into this relationship.
1.4.6 The influence of PA on physical function

Physical function, which includes cardiorespiratory performance, muscle strength, and
balance, plays a role in executing daily living activities (Katz et al., 1963; Lawton & Brody,
1969; Liu et al., 2014; Wang et al., 2020). As individuals age, a decline in these physiological
systems, cardiorespiratory performance, muscle strength, and balance often occurs, leading to
reduced mobility and independence (McPhee et al., 2016; Nascimento et al., 2022). This
gradual loss of function affects an individual’s capacity to perform daily activities and
increases the risk of falls, injury, and dependence, significantly impacting their quality of life
(O’Neill & Forman, 2020).

PA interventions promote physical function among older adults (de Vries et al., 2012). Both
resistance and aerobic training have demonstrated significant mobility and muscle strength
benefits in this demographic (de Vries et al., 2012; Jadczak et al., 2018). These exercises
improve physical function and play a role in decreasing the incidence of falls, a common
concern in this age group, particularly among those who are frail (Chin A Paw et al., 2008;
Chou et al., 2012; de Labra et al., 2015; Gonzalez-Rocha et al., 2022; Jadczak et al., 2018;
Swales et al., 2022). Some studies show that although aerobic exercise could improve
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physical performance, such as gait speed and balance, resistance training is needed to improve
muscle strength (Mangani et al., 2006; Marques et al., 2011).

Higher PA levels correlate with better physical function (Brach et al., 2004; Nusselder et al.,
2008; Paterson & Warburton, 2010; Pettee Gabriel et al., 2017), and moderate-intensity
exercises are effective in enhancing physical function in care home residents (Arrieta et al.,
2018). Given the promising benefits outlined, there is a need to further research the
implementation and efficacy of innovative interventions for older adults in care homes, such
as e.g. digital music and movement programmes. These interventions could offer an engaging,

accessible way to improve physical function and well-being in this population.
1.5 Main aim and objectives

The primary aim of this thesis is to investigate the impact of PA on the well-being of older
adults. The research focuses on care home residents, exploring the interactions between PA
and key healthy ageing indicators such as cortisol and DHEA(S) levels, sleep quality, physical
function and well-being. Additionally, the thesis aims to explore the potential of digital PA
interventions in care homes. To this end, the thesis is structured into four distinct yet

interrelated studies, each addressing specific aspects of PA in the context of ageing.

The four objectives of the thesis are to (1) conduct a systematic review and meta-analysis
examining PA's effects on cortisol and DHEA(S) levels (Chapter Two), (2) conduct a
systematic review and meta-analysis on the relationship between PA, cortisol, and sleep
quality (Chapter Three), (3) develop and assess the feasibility of a digital music and
movement intervention tailored for care homes (Chapter Four), and (4) conduct a pilot
randomised controlled trial (RCT) to evaluate the intervention’s efficacy and inform a future

full-scale RCT (Chapter Five).

The methodology employed across these studies, detailed in Appendices 2 to 5, offers insights
into the research design, data collection, and analysis methods. The concluding chapter
(Chapter Six) synthesises the findings, reflecting on the initial research questions and

presenting critical considerations for future research.
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Chapter 2: Systematic review One: PA influences stress and healthy ageing by
improving cortisol and dehydroepiandrosterone (sulphate) levels in older adults.

This Chapter is based on the peer-reviewed systematic review and meta-analysis
published as “PA Influences Cortisol and Dehydroepiandrosterone (Sulfate) Levels in Older
Adults: A Systematic Review and Meta-Analysis.” In the Journal of Aging and Physical
Activity, Volume 31: Issue 2, p 330-351 (De Nys et al., 2022).

2.1 Background

Promoting healthy ageing is a growing concern among health professionals and
researchers globally, particularly as populations age rapidly. In response to this challenge, the
SHAPE project was initiated to develop an intervention protocol that could influence healthy

ageing across psychosocial, neuroendocrine and physiological health outcomes.

The two systematic reviews presented in this thesis contribute to understanding PA and its
role in promoting healthy ageing. These reviews analyse existing literature, focusing on
important health markers in older adults. Methodological details, ensuring accuracy and
replicability, are outlined in Appendix 2.1.

Systematic Review One studies PA's effects on cortisol and DHEA(S) levels. These
biomarkers are key in assessing immune system health and well-being. Systematic Review
Two expands this investigation to include sleep quality, another vital component of health and
well-being. Both reviews uphold stringent methodological standards, aligning with the
PRISMA statement and the Cochrane Handbook guidelines for systematic review of

interventions.

These reviews informed the intervention trials described in Chapters Four and Five. These
Chapters build on the established understanding of the relationship between PA, cortisol

and/or DHEA(S) and sleep on health outcomes among older adults.

36


https://sciwheel.com/work/citation?ids=13478666&pre=&suf=&sa=0&dbf=0

2.2 Introduction

In the past century, lifespan has increased significantly (Roser et al., 2013). Although
humans live longer, data suggests these additional years are often not spent in good health
(Crimmins & Beltran-Sanchez, 2011; Crimmins, 2004). The population's increasing long-term
multimorbidity poses an enormous capacity burden on the healthcare system (Barnett et al.,
2012). Therefore, research is increasingly needed to conceptualise what governs healthy
ageing. Much progress has been made in evidencing how PA contributes to good health
(Macera et al., 2017; Peterson et al., 2009). For example, a recent study states that being
sufficiently active at an older age dramatically decreases the odds of disability (Dos Santos &
Gobbo, 2021). Despite this progress, research remains to be conducted to fully understand
how PA can improve healthspan, essentially defined as maintaining wellness throughout old
age (Aronson, 2020).

In ageing, hormonal balances and endocrine pathways become increasingly challenged (van
den Beld et al., 2018). There is evidence for age-related alterations to the hypothalamic-
pituitary-adrenal (HPA) axis, driving imbalances in the adrenal hormones, cortisol and
dehydroepiandrosterone sulphate (DHEAS) (Ferrari et al., 2001). One of the main stress
hormones, cortisol, is key for establishing an adequate stress response (Ockenfels et al.,
1995); however, when cortisol levels are chronically elevated, its effects will negatively
impact health (Juster et al., 2010). On the other hand, DHEA, a steroid hormone also
produced in the adrenals, often measured in its active sulphated form DHEAS, appears to
counterbalance many of the adverse effects of cortisol (Buoso et al., 2011; Pluchino et al.,
2015), thereby implicating the importance of cortisol:DHEA(S) ratio in ageing (Butcher et al.,
2005; Phillips et al., 2007). Several age-related changes can be noted in these two hormones:
older adults display an increased daily cortisol output (Heaney et al., 2012a; Karlamangla et
al., 2013; Nater et al., 2013; VVan Cauter et al., 1996), a blunted cortisol awakening response
(CAR) (Kudielka et al., 2004) and a flatter diurnal profile (Deuschle et al., 1997; Heaney et
al., 2012b; Kumari et al., 2010). In contrast, studies reported a steady decline in levels of the
hormone DHEA(S) with age (Heaney et al., 2012a; Orentreich et al., 1984) and a flatter
diurnal profile in both older males and females compared to younger adults (Al-Turk & Al-
Dujaili, 2016). Not surprisingly, the cortisol: DHEA ratio increases with age (Phillips et al.,
2007). High cortisol:DHEA(S) ratios are associated with immune impairment (Butcher et al.,
2005), dementia (Ferrari et al., 2001), metabolic syndrome (Phillips et al., 2010b), and
mortality (Phillips et al., 2010a). As stated above, research has shown changes in endocrine
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pathways in ageing. However, important questions regarding the role of these hormones and
the cortisol:DHEA(S) ratio in healthy ageing remain unanswered, such as how they relate to

PA to maintain health.

Several previous studies suggest the cortisol:DHEA ratio is an important marker of healthy
ageing, with increased cortisol:DHEA ratio relating to poorer physical function (Heaney et al.,
2012a), low social support, and higher depression, anxiety and chronic stress (Heaney et al.,
2010). Further, Heaney et al. noted that older adults reporting more severe recent stressful
events but low PA show a higher cortisol:DHEA ratio than those reporting fewer stressful
experiences (Heaney et al., 2014). Moreover, they found evidence that the observed
association between stress severity and cortisol:DHEA was driven by lower DHEA levels in
those experiencing more severe stress rather than high cortisol levels. They argued that
regular PA may buffer against the negative influence of stressful life events on the
cortisol:DHEA ratio. This agrees with the conclusions of a more recent study (Moraes et al.,
2016) and adds to the consensus that PA may buffer the effects of chronic stress (Rimmele et
al., 2009; Unger et al., 1997; Zschucke et al., 2015) and decrease stress reactivity (Rimmele et
al., 2007). Similar results are found in experimental studies, where it was shown that exercise
programmes can produce psychological and physiological changes (Klaperski et al., 2020;
Kraemer & Ratamess, 2005). Despite increasing interest in how PA impacts the
endocrinology of stress and healthy ageing over the last few decades (for most recent reviews
on this topic, see (Anderson & Wideman, 2017; Daskalopoulou et al., 2017; Duclos &
Tabarin, 2016; Fragala et al., 2011; Sellami et al., 2019)), the association between PA and
cortisol and DHEA(S) levels have not yet been systematically reviewed in older adults.

This review focused on broader PA (incorporating exercise) on hormone responses rather than
the impact of acute exercise bouts or exercise only for several reasons. First, PA goes beyond
the regularly planned activities we know as exercise and incorporates unplanned movement
that can contribute to physical health, such as active travel, moving about in the workplace
and during chores as part of an active lifestyle. These types of bodily movement all contribute
to health and have formed the significant evidence base behind global and national PA
guidelines (Bull et al., 2020). For example, exercise and PA improve stress and prevent or
improve several physical and mental health problems such as depression, cardiovascular,
immunological and metabolic diseases (Hill et al., 2008; Penedo & Dahn, 2005; Stréhle et al.,
2007). In older adults, an active lifestyle is associated with a higher quality of life (Koltyn,
2001), and there is consensus that PA yields salutary psychological and physical effects in
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older adults. This includes moderate-intensity aerobic activity, muscle-strengthening activity,
reducing sedentary behaviour, and risk management (Nelson et al., 2007). More specifically,
Heaney et al. (2014) found that habitual PA buffers the adverse effects of stress in older men
and women by opposing the stress-associated increases in the ratio between cortisol and
DHEA (Heaney et al., 2014). The evidence further shows that higher physical fitness is
associated with lower daily cortisol output (Lucertini et al., 2015). In addition, a physically
active life positively affects the brain structures, promoting better control of the HPA axis and
greater resilience to stress (McEwen & Morrison, 2013). Second, while there is indeed a
whole-body adaptation through acute exercise challenges (Hawley et al., 2014), which not all
PA might be sufficient to induce, there is also an essential behavioural health perspective to
active lifestyles that should not be overlooked. This systematic review was conducted to
inform future research where implementing the research into clinical practice is considered
necessary. Exercise programmes are proven to be feasible and effective for multiple health
outcomes. However, many people do not continue exercising after the end of a programme.
Therefore, investigating population associations between longer-term PA as part of an active
lifestyle (as well as exercise interventions) and more favourable cortisol levels might yield

engaging and pragmatic clinical guidance for long-term health.

Third, for healthy ageing, one needs to adapt and effectively respond to the dynamic
challenges of daily life. Allostasis is a dynamic concept where the brain is considered to have
a role in feedback regulation to adapt to these challenges and where health is conceived as a
whole-body adaptation to contexts (Schulkin, 2003; Sterling, 2004). Allostatic load has been
proposed as a cumulative measure of dysregulation across multiple systems, such as the
neuroendocrine, autonomic nervous, and immune systems (McEwen & Stellar, 1993). The
glucocorticoid cascade hypothesis of ageing is a prime example of allostatic load since it
recognises a feed-forward mechanism that gradually wears down a fundamental brain
structure, the hippocampus. At the same time, the gradually dysregulated HPA axis promotes
pathophysiology in tissues and organs throughout the body (McEwen, 2003). This model
identifies PA as an important allostatic load covariate in older adults (Karlamangla et al.,
2002; Kubzansky et al., 1999; Seeman et al., 1997). As a result, in light of the health impact
and practice applications of PA and the allostatic load model, it is vital to investigate further
the associations between PA and exercise and more favourable endocrine profiles in older

adults.
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Therefore, the main aim of this systematic review was to explore the existing literature on
how PA influences physiological markers of cortisol and/or DHEA(S) in older adults aged 65
years and above. The main objectives were to investigate: (1) whether there is observational
evidence to suggest regular PA is associated with lower cortisol and/or higher DHEA(S)
levels and which factors contribute most to these levels; (2) the average effect of physical
exercise interventions of at least 12 weeks duration on reducing cortisol and/or increasing
DHEA(S) levels in older adults. The sub-objectives were to determine different effects
between males and females, different exercise types (e.g., aerobic, resistance, mixed-types or
mind-body) or intensities (low-moderate, moderate-high), and in a healthy population versus
those with a specific disease and the influence of differences between cortisol or DHEA(S)
sample timing, and the number of samples throughout the day. These objectives and sub-
objectives were set to reveal current knowledge gaps, provide future directions to better
understand the intervention effects of PA programmes on endocrine health in older adults, and

contribute to better clinical guidance.
2.3 Methods
2.3.1 Protocol

The conduct and analysis of this systematic review is mainly based on PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) (Page et al., 2021)
complemented with guidance from the Cochrane Handbook (Higgins et al., 2021). The
published protocol for the review is available at the International Prospective Register of
Systematic Reviews (PROSPERO)
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021236934, registration
number CRD42021236934. For transparent reporting of the review, the PRISMA checklist
2020 was used (Appendix 2.2).

2.3.2 Study eligibility criteria

The selection process used to include studies in the review was as follows: (1)
Original sources of peer-reviewed evidence to date with both experimental and observational
designs in the English language, except for letters and conference abstracts. To this end,
observational studies were considered to be used to report population-based data that would
usefully supplement and extend the data drawn from RCTs. (2) Studies irrespective of

publication status, unless exclusion is explicitly justified. (3) Articles addressing the pre-

40


https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021236934

defined Population, Intervention, Comparison and Outcome (PI1CO) criteria (Richardson et
al., 1995). The PICO criteria were:

- Population: community-dwelling free-living older adults, 65 years or older and older
individuals in supporting housing or care homes. Eligible studies were also included if they
involved only a subset of relevant participants but had separate analyses. Intervention:
Experimental or observational studies looking at PA, daily living activities, or exercise

programmes maintained long enough for possible habit formation (> 12 weeks).
- Interventions included PA and/or exercise protocols equal to or over 12 weeks.

- Comparison: Controls having an inactive/sedentary lifestyle or receiving no

intervention or usual care.

- Outcome: Cortisol and/or DHEA(S), objectively measured in saliva, blood, hair or

urine samples.
2.3.3 Search strategies

The searches were run on 01/03/2021 and re-run just before the final analyses on
02/09/2021. The following electronic bibliographic databases were searched: PubMed,
PEDro, PsycINFO, OvidSP, the Cochrane Library (the Cochrane Central Register of
Controlled Trials (CENTRAL)), CINAHL and Web of Science (no data limits were chosen).
The search strategy included only terms relating to or describing the PICO criteria of interest
and was adapted for each bibliographic database. Grey literature searches were conducted by
searching online databases (ClinicalTrials.gov) and using the Google Scholar search engine
according to the recommendations of Haddaway (Haddaway et al., 2015). The exact search
strategy used with suitable search terms for each database is available in Appendix 2.3.
Finally, the tool "connected papers™ (https://www.connectedpapers.com/) was used to identify
the most prominent papers in this field. Reference lists of key and already included papers

were searched and cross-referenced by hand to supplement initial keyword searches.
2.3.4 Data collection and management

Search results were collected in Sciwheel (sciwheel.com), and the extracted titles and
abstracts of papers were screened using Rayyan (rayyan.qgcri.org) (Ouzzani et al., 2016). Two

reviewers (LDN & EO) independently performed a first-stage screening of titles and abstracts
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to determine whether each study met the eligibility criteria. Any study identified by either
reviewer was included for further screening. Two independent reviewers again performed a
second-stage screening of the selected full-text articles. Further, a third-stage screening
consisted of a pilot data extraction screening of the retrieved full-text articles. Disagreements
in the screening process were resolved by consensus. Reasons for excluding studies from the
pilot data extraction screening were documented. Finally, a flowchart showing the screening

and selection process was made.

Study authors were contacted to obtain missing data if needed (n = 5). Data extraction was
conducted in Excel, where two independent reviewers collected the following: study ID,
design, PICO characteristics, general findings, and statistics relevant to the research question.
Retrieved data from observational studies were extracted separately from intervention studies.
Assembling and grouping data elements was done using RevMan 5 software (The Cochrane

Collaboration, 2020). Any transformations of the reported data can be found in Appendix 2.4.
2.3.5 Assessment of risk of bias

Two reviewers (LDN and EO) independently assessed the risk of bias using the
Joanna Briggs Institute (JBI) tool (https://joannabriggs.org/critical-appraisal-tools) (Vardell &
Malloy, 2013) for observational studies and the Cochrane Risk of Bias (RoB) 2.0 Tool
(Higgins et al., 2011; Ma et al., 2020) for intervention studies. The certainty of all evidence
was assessed using the GRADE approach (Guyatt et al., 2008) for the cortisol and DHEA(S)
outcomes. For randomised controlled trials, a starting rating of 'High quality' evidence was
downgraded by one level if serious concerns (or by two levels for very serious concerns)
became apparent regarding the risk of bias, inconsistency, indirectness, imprecision or
publication bias. For studies with observational features, a starting rating of 'Low quality’ was
downgraded, as proposed by GRADE guidelines (Schiinemann et al., 2013). A funnel plot
(Egger’s test) (Egger et al., 1997) was performed for the included RCTs to visualise possible
reporting bias. There were insufficient observational studies to allow construction of such a

plot.
2.3.6 Data synthesis

When included, study data were found to be similar enough in terms of
methodological and clinical characteristics to ensure meaningful conclusions from a

statistically pooled result, and meta-analyses were performed.
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Observational studies were considered not similar enough to combine data using meta-
analysis, so narrative analyses were conducted. All studies were given equal weight. Effect
directions for both outcomes were assessed, and p-values were reported for the sign test based
on existing guidance (Boon & Thomson, 2021). The p-value from a sign test represents the
probability of observing the given number of positive and negative results if the null
hypothesis were true. To calculate the p-value of each outcome domain, GraphPad was used
(https://www.graphpad.com/quickcalcs/binomiall/). Differences in the relative sizes of the

studies were accounted for visually, not statistically (Borenstein et al., 2009).

Intervention studies were deemed similar enough to allow pooling of data using meta-
analysis. The data were analysed based on mean, standard deviation (SD) and number of
participants assessed for both the intervention and comparison groups and used to calculate
the standardised mean differences (SMD) and 95% Confidence Intervals (Cl) using the
generic inverse variance method in RevMan5 (The Cochrane Collaboration, 2020). Assuming
a true effect was not the same in all studies or that studies were performed in different
populations, random-effect models were used to analyse data. Forest plots visualised these
analyses. The degree of heterogeneity was thus assessed through Chi-squared (Chi?) statistics.
Heterogeneity was quantified and interpreted using the I-squared (12) statistic (Higgins et al.,

2011). There were no deviations from the protocol in this final paper.
2.3.7 Subgroup analysis and investigation of heterogeneity

Where substantial heterogeneity was present, it was addressed by exploring possible
reasons and conducting subgroup analyses as suggested by the Cochrane Handbook (Higgins
et al., 2020). Studies were grouped based on the category that best explains heterogeneity and
makes the most clinical and/or methodological sense to the reader, as a priori defined in the
protocol. To be consistent across the review, forest plots of the low heterogeneity DHEA(S)
outcomes were visualised with the same subgroups as the cortisol studies. Meta-analytic
scores of subgroups are presented with the overall effects for both outcomes. However, there
was still substantial statistical heterogeneity across the subgroups for cortisol.

2.3.8 Sensitivity analysis

Several analyses were performed to assess the robustness of the results. The effect of
intervention duration was compared (12 weeks vs. >12 weeks), and aspects of trial size,

quality assessment, patient characteristics and measurement of outcomes were considered.
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Finally, analyses were performed with and without outliers studies, excluding these

sequentially one by one to see if this changed the overall results.
2.4 Results
2.4.1 Results of the search

A total of 4834 records were identified through database searches, and an additional
18 through reference list searches (see PRISMA diagram Figure 2.1). After removing
duplicates, 30609 titles and abstracts were screened for eligibility, 147 abstracts were obtained
for further review, and 31 articles met the inclusion criteria. The reasons for exclusion are
outlined in Figure 2.1. One ongoing trial was found, NCT03794050, but was paused due to
the SARS-CoV-2 pandemic and excluded. A table with characteristics of excluded studies

during the pilot data extraction can be found in Appendix 2.5.

44



Figure 2.1 PRISMA flow diagram of the systematic review. From: Moher D, Liberati A,
Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic
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2.4.2 Description of included studies

Observational studies were synthesised separately from obtained RCTs, and study
characteristics were sorted by outcome (Tables 2.1 and 2.2).
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Table 2.1 Characteristics of included cross-sectional studies

Study Country Population PA measurement Outcome Relevant findings
Mean
S_ample age Main group C_ortlsol D_HEA(S)
sizen (SD) subarouns (times - (times -
(%male) in group measure) measure)
years
Ital Generally health Time/week: Saliva
Lucertini et Ma?/c,he 22 67.4 ~high vs?/ low y cate oricall sample (6x ] High fitness levels
al., 2015 . (100%)  (1.5) NN, & . —diurnal = lower cortisol*
Region fitness questionnaire
slope)
Generall)_/ healthy, Saliva High daily steps
Pauly et 162 community- Counts: sample (4x were correlated
al., 2019 Canada (50%) 71(6)  dwelling _.hlgh accelerometry — diurnal ) with lower
and low daily _
slope) cortisol*
steps
Energy
Bonnefo Generally health eQXupeesr':;on::]r:i:re Blood Blood In women, higher
y France, Lyon 50 (50%) 71 (4) y y e sample (1x  sample (1x  PA = higher
etal., 2002 —men vs. women  d’Activité _moming) —moming) DHEAS*
Physique Saint- g g
Etienne (QAPSE)
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Study Country Population PA measurement Outcome Relevant findings
Mean
S'ample age Main group — Cprtlsol D'HEA(S)
size n (SD) SUbQIOUDS (times - (times -
(%omale) in group measure) measure)
years
Generall;_/ healthy, _ saliva saliva Higher PA = higher
community- Time/week: DHEA, and
Heaneyet UK, 72.6 : : . sample (6x  sample (6x
o 36 (50%) dwelling — high- categorical . . therefore lower
al., 2014 Birmingham (5.5) . . —diurnal —diurnal .
stress vs. low- guestionnaire cortisol:DHEA
slope) slope) .
stress group ratio*
Energy Depressed patients
Mood disorders —  expenditure: Saliva Saliva P P
Moraes et . 71.5 . = lower levels of
Brazil 63 (13%) depressed vs. International PA sample (1x  sample (1x .
al., 2016 (12) . . cortisol than
healthy questionnaire —afternoon) — afternoon) healthv controls
(IPAQ) y
Generally healthy,
community- : .
Abbasiet  US, 262 69.9 dwelling — men ;-clz]\fi/twigléa?l day ] sBe:r(r)lo?e (1x Higher PA = higher
al., 1998 Wisconsin (55%) (4.5) vs. women and y P . DHEAS in men*
method — morning)

quartiles of serum
DHEAS
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Study Country Population PA measurement Outcome Relevant findings
Mean
S'ample age Main group — Cprtlsol D'HEA(S)
size n (SD) SUbQIOUDS (times - (times -
(%omale) in group measure) measure)
years
Generally healthy,
Bonnefo community- Energy Blood Lower habitual PA
ot al 1935;8 France 60 (43%) 70 (4) dwelling—men expenditure: - sample (1x = lower levels of
B vs. women and QAPSE —morning) DHEAS*
high vs. low active
de Generally healthy,
Gonzalo- Spain, 26 755 communlty- Tme/v_veek: Blood T_ralned group =
. dwelling — long- checklist about - sample (1x  higher DHEA
Calvo et Oviedo (100%) (5) i .
term trained vs. regular PA —morning) levels*
al., 2012
sedentary
Energy . .
Ravagliaet Italy, 96 67.8 ?f:iedrg:gagzzlt\?g expenditure: ] sBaIrZ(:)?e (1x ;Z{]S?ililghﬁ“ve
0 ' i -
al., 2001 Bologna (100%) (2.2) older adults checklist about _moming)  DHEAS levels*

regular PA

Note. *: marks significance in the study
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Table 2.2 Characteristics of included intervention studies

Study Population Intervention Outcome R_ele_vant
findings
Mean
mpl rtisol DHEA
S_a pie age . Health . Control C_O tiso . )
sizen Setting Type Duration (times-  (times -
(range) status group
(Yomale) measure) measure)
(years)
12 weeks - -
Banital Cseroblc Blood E):]e;ruse
ebi et M=67.3 . Generally  Resistance 3x per y sample N .
0, -
al., 40 (0%) 5 Outpatient healthy /endurance week (70 \r/e:zs;’;ance (1x zgitrilgsl n
2018 mins per o morning) tevel
session) exercise evels
Centre for .
exercise and 24 k Resistanc
Borst et 60-85 . WEEKS No Blood e group =
al 62 (M= sclence, Generally Resistance exercise sample - elevation
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2.4.3 Study and participant characteristics

Included observational studies were all cross-sectional designs (n=9), involving a
total of 729 participants (38% female) (Abbasi et al., 1998; Bonnefoy et al., 1998, 2002; de
Gonzalo-Calvo et al., 2012; Heaney et al., 2014; Lucertini et al., 2015; Moraes et al., 2016;
Pauly et al., 2019; Ravaglia et al., 2001). All studies, except one (Moraes et al., 2016), were
conducted in high-income countries; all participants were Caucasians. The included RCT's
(22) involved 1346 participants (79% female) (Banitalebi et al., 2018; Borst et al., 2002;
Campo et al., 2013; Furtado et al., 2016, 2020; Furtado et al., 2021; Ha & Son, 2018; Hersey
etal., 1994; Ho et al., 2020; Im et al., 2019; Kim et al., 2018; Lu et al., 2020; Mura et al.,
2014; Prakhinkit et al., 2014; Rieping et al., 2019; Sin et al., 2015; Son et al., 2020; Tada,
2018; Tsang et al., 2013; Venturelli et al., 2016; Vrinceanu et al., 2019; Yamada et al., 2015),
conducted in 10 countries. Studies were published between 1994 and 2021. However, most

studies were published in the last five to 10 years (n= 25).

Observational studies included mostly generally healthy older adults (n= 8), and subgroup
analyses in studies were performed by fitness level (n=4), sex (n=2), age (n= 1), stress
exposure (n=1) or DHEA level (n= 1). Intervention studies with a cortisol outcome
investigated generally healthy older adults (n= 8) or individuals with mood disorders (n=3),
cognitive impairment (n=3) or other (n= 3, cancer survivors, metabolic syndrome or frailty).
Intervention studies with a DHEA(S) outcome investigated generally healthy older adults (n=
5) and frail or pre-frail older adults (n=1).

2.4.4 Cortisol or DHEA(S) measurement

Cortisol and/or DHEA(S) samples of both cross-sectional studies and RCTs were
taken either from saliva (n=19) or blood serum (n= 15). None used urine or hair samples.
Identified studies that focused on the diurnal cortisol slope took three to six samples during
the day (Heaney et al., 2014; Ho et al., 2020; Lu et al., 2020; Lucertini et al., 2015; Pauly et
al., 2019; Venturelli et al., 2016). In three studies, Cortisol Awakening Response (CAR) was
analysed (Campo et al., 2015; Heaney et al., 2014; Vrinceanu et al., 2019). All other studies

performed a one-time measurement in a fasted state, almost exclusively in the morning.
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2.4.5 Risk of bias in studies

Across all studies, a low to moderate risk of bias was identified (Figures 2.2 and 2.3).
In the cross-sectional studies, the fifth question in the JBI checklist asks if confounding
factors are identified in each study. The review team recognised that many confounding
factors are at play in a one-time point endocrinology measurement, certainly when trying to
define life stressors. However, many studies did account for at least some confounders.
Further, most studies measured PA with reliable and valid questionnaires. These are not
robust activity measurements compared to, e.g., accelerometry. However, the review team
judged that the exposure of all studies was measured validly and reliably in studies that
reported transparent and standardised (a priori-defined) PA measurement tools. Traffic light

plots summarising these decisions are shown in Appendix 2.6.

Selection of participants
Confounding Factors
Measurement of exposure
Measurement of outcome
Incomplete outcome data
Statistical analysis

Overall

0% 25% 50% 75% 100%

. Low D Unclear

Figure 2.2 Critical appraisal of cross-sectional studies, appraised by the JBI-tool. Green:
low risk of bias, yellow: unclear information about given topics, yet included in further

analysis. From: robvis tool, https://mcguinlu.shinyapps.io/robvis/.

Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

0% 25% 50% 75% 100%

. Low risk D Some concerns

Figure 2.3 Critical appraisal of RCTs, appraised by the Cochrane RoB tool. Green: low risk
of bias, yellow: some concerns about given topics, yet included in further analysis. From:
robvis tool, https://mcguinlu.shinyapps.io/robvis/
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2.4.6 Reporting biases

The funnel plot showed slight asymmetry due to missing studies on ‘no intervention
effect’ (Figure 2.4). While reporting bias is thus considered, this asymmetry could be due to
chance as the analysis contains few studies with a relatively small number of participants
(Sterne et al., 2011). The funnel plot is grouped by intensity solely for consistency, and it
should be acknowledged there are too few studies to interpret the findings by each subgroup.
Other sources of bias, such as selection bias, performance and detection bias and attrition bias

were considered (Appendix 2.7)
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Figure 2.4 Egger’s test by Funnel plot. AE = aerobic exercise, RES = resistance training, M-
B = mind-body exercise, Combined = intervention including aerobic and resistance training

elements.
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2.4.7 Results of syntheses and certainty of evidence

Observational studies

Cortisol. There was very low-quality evidence suggesting regular PA is associated
with lower cortisol in both older males and females compared to being more sedentary (n =
333 with 53% males, p-value for sign test = .063 in males, all the studies reported a negative
effect direction; and p-value for sign test = 0.38 in females, four studies reported a negative
effect direction, with one unclear result) (Figure 2.5 and Table 2.3). GRADE guidelines state
that grading non-RCTSs' evidence starts at 'low quality'. It was deemed that inconsistency
and/or indirectness did not appear to be an issue with this outcome, nor was there any
publication bias detected. However, based on quality assessments, studies were downgraded
(-1) because some imprecision exists, following the GRADE 'rule of thumb' that information
is likely to be insufficient when rating continuous outcomes when the total number of

participants is less than 400 (Schiinemann et al., 2013)

DHEAC(S). There was low-quality evidence to suggest that being physically active in
daily life is associated with higher DHEA(S) levels compared to being more sedentary. (n =
545 with 59% males, p-value for sign test = 0.02 in males, with seven out of seven reporting a
positive effect direction, and p-value for sign test = 0.45 in females, with five out of seven
studies reporting a positive effect direction) (Figure 2.5 and Table 2.3). The same GRADE
factors were considered, but none of these features appeared to be an issue for this outcome,

so the overall quality of evidence was not downgraded.

Cortisol:DHEA(S) ratio. Only one study was found where higher PA levels were
associated with lower cortisol:DHEA(S) ratio (p = .05), mainly driven by significantly higher
average DHEA(S) levels in people who regularly engaged in PA (p =.009) compared to those
who did not (Heaney et al., 2014).
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Study Cortisol male Cortisol female DHEA male | DHEA female

Bonnefoy M. et al., 2002

Ravaglia G. et al.,, 2001

LEGEND |

AAllincluded studies were of a cross-sectional study design N ) ) ) 7 o - )
Effect direction: in cortisol colums: upward arrow A= increase in endocrine outcome, downward arrow V= decrease in endocrine outcome, sideways arrow «(»=no change/mixed effects/confiicting findings
ESampIe size: Final sample size (individuals) in intervention group Large arrow A >300; medium arrow A 50-300; small arrow a <50

éStudy quality: denoted by row colour: green = low risk of bias: amber = some concerns; red = high risk of bias

Figure 2.5 Effect direction plot summarising direction of cortisol and DHEA(S) hormone level impacts from cross-sectional studies.



RCTs

Cortisol. There was moderate quality evidence that exercise interventions in older
adults for at least 12 weeks probably reduce cortisol levels compared to no intervention (SMD
=-0.61, [-0.90, -0.33], 17 studies, 736 participants) (Figure 2.6 and Table 2.3). The overall
quality was graded as moderate when pooling the studies because of substantial statistical
heterogeneity (12 = 69%). The heterogeneity was explained; thus, the overall evidence grade
was downgraded by only one level due to inconsistency. After pre-specified sub-group
comparisons and through sensitivity analyses, three studies with the highest effect sizes were
found to explain all heterogeneity (Tada et al., 2018, Kim et al., 2018, Venturelli et al., 2016)
(SMD =-1.83 [-2.26, -1.40], three studies, 121 participants). When including these studies,
the overall finding favouring the interventions was relatively strong but with substantial
variability. When these three studies were removed from the meta-analysis, the heterogeneity
was substantially reduced. Excluding these three articles from the equation still resulted in
high-quality evidence that exercise interventions of at least 12 weeks reduce cortisol levels
slightly compared to controls in older adults (SMD = -0.35 [-0.51, -0.18], 15 studies, 615

participants).
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Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 AE

Wenturelli 2016 7.6 1.7 20 12.1 3.2 20 55% -1.72 [-2.46,-0.99] I
Wrinceanu 2019 16.968 6107 12 246 B.02 14 4.8% -1.22 [-2.07,-0.37] —
Prakhinkit 2014 12.3 3.36 14 13.7 24 13 54% -0.46 [-1.22,0.31] —
Ho 2020 4.8 27 56 54 3.4 55 TT% -0.19 [-0.57,0.18] ™
Rigping 2019 0.295 0.2265 34 0.3 014 13 BI1% -0.02 [-0.68, 0.62] -
Sin 2015 3.94 2.91 44 386 2499 24 B.A% 0.03 [0.47,0.52] —
Subtotal (95% CI) 180 139 36.5% -0.54 [-1.05, -0.03] <
Heterogeneity: Tau®= 0.30; Chi*= 21.25, df= 5 (P = 0.0007); *= 76%

Testfor overall effect. £=2.08 (P =0.04)

1.3.2RES

Tada 2018 0.14 0.01 3z 017 002 29 B.2% -1.80[-2.51,-1.29] —

Mura 2014 188.36 38.56 21 23374 7974 21 6.2% -0.71[-1.34,-0.09] —
Borst 2002 120 46.9 22 125 60 16 B.1% -0.09 [-0.74, 0.55] T
Subtotal (95% CI) 75 66 18.5% -0.91[-1.95, 0.14] il
Heterogeneity: Tau®= 0.75; Chi*= 16.66, df= 2 (P = 0.0002); I*= 88%

Testfor overall effect Z=1.70 (P =0.09)

1.3.3M-B

Campo 2015 24.65 818 29 29495 7.8 5 B.E% -0.65 [-1.20,-0.10] i
Furtado 2016 0.62 016 20 073 022 15 68% -0.57 [-1.28, 0.11] T
Tsany 2013 -2.61 9.07 14 0.89 907 16 56% -0.38 [-1.10, 0.35] T
Lu 2020 107.24  19.63 14 109.65 19.58 16 5.6% -0.12 [-0.84, 0.60] -
Subtotal (95% Cl) 7 72 23.07% -0.47 [-0.79,-0.14] &
Heterogeneity: Tau®= 0.00; Chi®=1.49, df= 3 (P = 0.65), F= 0%

Testfor overall effect £=2.78 (F=0.005)

1.3.4 Combined

Kirn 2018 0.23 0.08 10 041 012 10 3.9% -1.82 [-2.90,-0.74] —
Banitalebi 2018 236 4.4724 24 25494 133 12 47% -0.61 [-1.32,0.10] ——
Furtado 2020 0.21 012 20 0.27 017 19  B.1% -0.40 [-1.04,0.23] i
Furtado 2021 0.26 0.0g 17 0.3 0.z 15  AT% -0.32 [-1.02,0.38] T
Subtotal (95% CI) 71 56  21.4% -0.67 [-1.20, -0.14] £
Heterageneity: Tau®=0.14; Chi*= 588, df=3{P=012), F= 49%

Testfor overall effect Z=2.48 (P =0.01)

Total (95% CI) 403 333 100.0% -0.61[-0.90,-0.33] L 2
Heterogeneity: Tau®= 0.24; Chi*= 52.03, df= 16 (F = 0.0001); *= 63% t t

4 2 0 2 1

Testfor overall sffect: Z= 4.25 (P = 0.0001) Favours [experimental]l Favours [control]

Testfor subgroup diferences: ChiF=0.89, df=3 (P =083, F=0%

Figure 2.6 Forest plot for cortisol , sub-grouped by intervention type. AE = aerobic exercise,
RES = resistance training, M-B = mind-body exercise, Combined = intervention including

aerobic and resistance training elements.

DHEA(S). There was moderate quality evidence that exercise interventions in older
adults for at least 12 weeks improved DHEA(S) levels slightly compared to no intervention
(SMD =0.39 [0.10, 0.68], six studies, 203 participants) (Figure 2.7 and Table 2.3). The
studies were considered homogeneous (1>=0). The quality of the evidence was rated as
moderate due to some imprecision that may exist because the number of participants (n= 203)
is lower than the general GRADE 'rule of thumb' of n > 400 to be sufficient.

Cortisol:DHEA(S) ratio. No RCTs reported the impact of exercise interventions on
the cortisol: DHEA(S) ratio.
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Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.3.1AE

Yamada 2015 97.8 57.1 15 806 5389 25 206% 0.31 [-0.34, 0.95]

Subtotal (95% CI) 15 25 20.6% 0.31[-0.34, 0.95]

Heterogeneity: Mot applicable
Testfor overall effect Z=0.83 (F = 0.35)

2.3.2 RES

Hersey 1994 7883333 5952206 24 748 704 9 145% 0.06 [-0.70, 0.83] —
Son 20149 91.1 402 12 801 356 13 137% 0.26 F0.51,1.07] —_—
Subtotal (95% CI) 36 22 28.2% 0.17[-0.38, 0.72] -

Heterogeneity: Tau®=0.00; Chi*=015, df=1 (P=070) F=0%
Testfor overall efiect Z= 0.60 (F = 0.55)

233MB
I 20149 f-R 40,84 14 433 1938 11 121% 0.85[0.11,1.79] -
Subtotal (95% CI) 14 11 12.1% 0.95[0.11, 1.79] R

Heterogeneity: Mot applicable
Testfor overall effiect £=2.21 (F=0.03)

2.3.4 Combined

Ha 2018 43.6 18.2 10 3858 218 10 11.0% 0.24 [0.64,1.17] s
Furtado 2020 46,4041 450058 41 2971 1425 19 281% 0.45 [L0.07,1.04] T
Subtotal (95% CI) 51 20 39.1% 0.42[-0.05, 0.88] =

Heterogeneity: Tau®=0.00; Chif=022, df=1 {P=064), F=0%
Testfor overall efiect Z=1.74 (F = 0.08)

Total (95% CIy 116 87 100.0% 0.39[0.10, 0.68] L

Heterogeneity: Taw®=0.00; Chi*= 276, df=58 (P =074), F=0%
Testfor overall effect: £= 2 60 (P = 0.009)
Testfor subgroup differences: Chi®= 238, df= 3 (P =048), F= 0%

o 5 ] 2
Favours [control]  Favours [experimental]

Figure 2.7 Forest plot for DHEA(S), sub-grouped by intervention type.
AE = aerobic exercise, RES = resistance training, M-B = mind-body exercise, Combined =

intervention including aerobic and resistance training elements.

66



Table 2.3 GRADE table.

No of Risk Certainty
. Design of Inconsistency Indirectness Imprecision Other Participants Effect
studies g b y P (overall P
1as score)?

The average effect of PA intervention in older adults, compared to controls

N (%male) g?(l;/l[c)n |2

Outcome: cortisol [95% ClI]
17

RCT + - + + undetected @@@0 759 (23%) 6?0[ 306.:? 0 69%
Outcome: DHEA(S)
6 0.44

RCT + + + - undetected @®@0 203 (14%) [0.20, 0%

0.68]
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P-value (sign

Evidence of the effect of regular PA compared to sedentary Effect test)
Outcome: cortisol direction
M F

> Cross- + + - undetected @000 333 (53%) - 0625 .3750

sectional ’ ' '
Outcome: DHEA(S)
! C

ross- + + + undetected @@o0 545 (59%) + 0156 .4531
sectional ' '

Note. SMD= Standardised Mean Difference, Cl= Confidence Interval, 1= I-square statistic, M= Male, F= Female

14 High = This research provides a very good indication of the likely effect. The likelihood that the effect will be substantially
different** is low.

3@®®®0O Moderate = This research provides a good indication of the likely effect. The likelihood that the effect will be substantially
different** is moderate.

2@®0O0  Low = This research provides some indication of the likely effect. However, the likelihood that it will be substantially different** is
high.
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1 ®000  Very low = This research does not provide a reliable indication of the likely effect. The likelihood that the effect will be substantially
different** is very high.

** Substantially different = a large enough difference that it might affect a decision
Cross-sectional studies start out with @®00, conform to the GRADE guidelines.

Based on: Cochrane Consumers and Communication La Trobe University; Ryan, Rebecca; Hill, Sophie (2018): How to GRADE. La Trobe.
Journal contribution.
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2.4.8 Sub-grouping intervention studies

Cortisol. To further explore heterogeneity in the cortisol outcome, subgroup analyses
were conducted by sex, intervention types, intensity, duration, and participants’ health status
showed no clinically important differences (Table 2.4). The table summarises the different PA
interventions and their impacts on older adults across the included studies. It includes the type
of intervention, intensity, duration, frequency, participants' health status, and the observed
outcomes. It further details the PA intervention applied and the resulting health effects. An
overview of the intervention specifics and adherence is shown for both outcomes combined in
the TiDieR checklist (Appendix 2.8). Intervention intensity was rated as low-moderate
intensity (20-75% VO2max) or moderate-high intensity (>75% VO:zmax) as stated by the
American College of Sports Medicine (ASCM) ) (American College of Sports Medicine,
2013). The forest plots of all relevant sub-groups can be found in Appendix 2.9.

Table 2.4 Standardised Mean Differences (SMD) and 95% Confidence intervals (CI) of meta-

analytic findings of the cortisol outcome subgroups

SMD [95% Cl] N studies N participants

Sex
Males and females -0.61, [-0.90, -0.33] 17 736
Females only -0.52 [-0.79, -0.25] 8 290

Intervention types

Aerobic exercise -0.54 [-1,05, -0.03] 6 319

Resistance training -0.91 [-1.95, 0.14] 3 141

Combined protocol -0.67 [-1.20, -0.14] 4 127

Mind-body exercise -0.47 [-0.79, -0.14] 4 149
Intervention intensity

Low-moderate -0.65 [-0.96, -0.33] 15 656

Moderate-high -0.41 [-1.01, 0.20] 2 80
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12 weeks -0.58 [-0.89,-0.27] 12 531

14-28 weeks -0.67 [-1.32, -0.01] 5 205

Health status

Generally healthy participants -0.59 [-1.02, -0.16] 9 385
Participants with mood disorders -0.36 [-0.79, 0.06] 3 87
Participants with other health issues -0.86 [-1.46, -0.26] 6 264

Note. SMD: Standardised Mean Difference, Cl: Confidence interval.

Aerobic exercise: Activities that increase heart rate and improve cardiovascular health, such

as walking, running, and cycling.

Resistance training: Exercises that improve muscle strength and endurance using weights,

resistance bands, or body weight.

Combined protocol (aerobic and resistance): A regimen that includes both aerobic exercises to

enhance cardiovascular health and resistance training to build muscle strength and endurance.

Mind-body exercise: Activities that combine physical movement with mental focus and

breathing techniques, such as yoga, tai chi, and Pilates.

Low Intensity: Exercise that can be sustained for long periods without causing fatigue, such as

slow walking or gentle yoga.

Moderate Intensity: Activities that cause a slight but noticeable increase in breathing and heart

rate, allowing for conversation, such as brisk walking.

High intensity: Exercises that significantly elevate heart rate and breathing, making

conversation difficult, such as running or vigorous cycling.
Generally healthy participants: Individuals without any significant health issues.

Participants with mood disorders: Individuals diagnosed with conditions such as depression,

anxiety, or bipolar disorder.
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Participants with other health issues: Individuals with chronic health conditions such as
cardiovascular diseases, diabetes, osteoporosis, or other physical health challenges.

DHEAC(S). Subgrouping of this outcome was explored narratively, as there was no
heterogeneity in the pooled data. To sum up, there were no important differences detected
between sub-groups. Of the six studies, interventions were as follows: aerobic training (n= 1),
resistance training (n= 2), combined interventions (n= 2) and mind-body interventions (n=1).
Further, most studies were of low-moderate intensity (n=4). Durations were 12 weeks (n= 3)
or 24 and 28 weeks (n= 3). Four studies were conducted in generally healthy older adults,

whereas one was in frail older adults.
2.5 Discussion

This review used a rigorous systematic approach to assess the impact of PA on cortisol
and DHEA(S) levels in older adults. Findings from the narrative synthesis of observational
studies suggested that there may be an association between regular PA in daily life and lower
total cortisol output compared to being more sedentary. Further, DHEA(S) outcomes analyses
showed that active older adults may have higher DHEA(S) levels than older adults who did
not regularly engage in PA. As such, this cautiously confirms the hypothesis that there is low-
quality evidence that regular PA in daily life is associated with a lower cortisol:DHEA(S)
ratio. However, only one study directly looked at this ratio as an outcome. Results obtained by
the meta-analysis of RCTs showed with moderate-quality evidence that PA interventions of
12 weeks or longer may reduce cortisol and increase DHEA(S) levels compared to control

conditions in older adults (>65 years).
2.5.1 Overall completeness and applicability of evidence

The aim of this review was twofold. First, to systematically review the existing
literature on how PA influences physiological markers of cortisol and/or DHEA(S) in older
adults, which is the first systematic review using rigorous methods. The second aim was to
examine whether there was a difference in observational associations or experimental effects.
These two aims were addressed by including nine cross-sectional studies to assess whether
there is evidence to suggest that regular PA is associated with lower cortisol and/or higher
DHEA(S) levels, and the 22 RCTs included in a meta-analysis to measure the average effect
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of physical exercise intervention on these outcomes. Using the GRADE approach, the overall
certainty of evidence was deemed low to very low for observational studies (Schiinemann et
al., 2013). More studies with observational features and consistent methodologies could
improve the precision and consistency across studies, which were the main concerns for both
outcomes. In contrast, grading the intervention studies revealed moderate certainty of

evidence.

There was substantial heterogeneity when combining the studies statistically for cortisol.
However, after sensitivity analysis, three studies (Kim et al., 2018; Tada, 2018; Venturelli et
al., 2016) were found to account for all heterogeneity. Removing these did not change the
clinical importance of the prior intervention effects. Further, subgroups had too few
participants to draw firm conclusions. Therefore, the findings regarding subgroup analyses
should be considered tentative. More studies differentiating between intervention type,
duration or intensity, or differentiating between health states, such as older adults with mood
disorders or frail older adults, could possibly determine clinically important differences and
increase the quality of evidence in the proposed subgroups.

It should also be noted that the included RCTs did not comment in detail on whether variation
in response in the intervention groups might reflect a lack of physiological response to
exercise among some participants instead of being attributable to intervention factors such as
duration. Physiological exercise responses are driven by genetic differences, epigenetic
changes, and gene transcription mechanisms (Hawley et al., 2014). Consequently, it would be
essential to measure these factors alongside hormone levels in future exercise/PA
interventions as they drive exercise effects on hormones via such mechanisms as changing

receptor number or sensitivity (Hackney & Hackney, 2005).

Observational studies were all cross-sectional, primarily including generally healthy older
adults in high-income countries, highlighting a clear research gap in population-based
assessments, whether longitudinally or cross-sectionally, exploring associations between PA
levels and cortisol and/or DHEA(S) levels in an older population with varying health status, in

low to middle-income countries.

Included studies where cortisol was the outcome investigated generally healthy older adults (n
= 8), those with mood disorders (n = 3), cognitive impairment (n = 3) or other (n = 3, cancer

survivors, metabolic syndrome or frailty). This revealed that little research has been
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conducted on objective stress measures and their association with PA (>12 weeks) in people
with existing disease states. More specifically, no RCTs were identified for reducing cortisol
through long-term resistance or aerobic training in older adults with mood disorders. This is
important to note as chronic stress and inadequate cortisol regulation are key drivers of non-
communicable diseases (Joseph & Golden, 2017; McEwen & Stellar, 1993) and is often seen
in older populations experiencing depressive episodes (Murri et al., 2014). Included studies
with DHEA(S) as the outcome also investigated generally healthy older adults (n = 5) or frail
or pre-frail older adults (n = 1). Thus, quality research is lacking in measuring the effects of

exercise interventions on DHEA(S) in people with specific disease states and/or frailty.

Contrary to expectations, the associations from observational studies between PA and
decreased total cortisol output were small. This is in contrast with the present meta-analytic
findings, which are in line with other reviews suggesting a regulatory role of PA on stress and
cortisol levels (Anderson & Wideman, 2017; Corazza et al., 2013; Fragala et al., 2011;
Sellami et al., 2019). Other PA intervention studies also report a cortisol-lowering response in
generally healthy older adults (Chaturvedi et al., 2016; Ibafiez et al., 2008; Ponzio et al.,
2015). However, other quality intervention studies found conflicting results, showing no
effects or even higher cortisol levels after exercise interventions (Banitalebi et al., 2018; Borst
et al., 2002; Hakkinen et al., 2000; Hayes et al., 2013; lzquierdo et al., 2001; Kraemer et al.,
1999; Sillanpaa et al., 2010). These studies generally used strength and resistance training
protocols, which may acutely increase the activation of adrenal glands and stimulate cortisol
production (Ahn & Kim, 2018). Nevertheless, no important differences in effect sizes were
found in the present meta-analysis when exploring subgroup differences by intervention type
(aerobic vs. resistance vs. combined vs. mind-body). Overall, more quality research is

required to confidently understand the effect of different exercise types.

The findings of this review show low-quality evidence that regular PA at older age is
associated with increased DHEA(S) levels. There is indeed consensus that DHEA(S)
decreases with age for both active and sedentary people (Heaney et al., 2014; Orentreich et
al., 1992) and that regular moderate PA is associated with higher levels of DHEA(S) in older
adults (Abbasi et al., 1998; Aldred et al., 2009; Bonnefoy et al., 1998; Ravaglia et al., 2001,
Tissandier et al., 2001). In addition, the present meta-analytic findings showed that exercise
interventions of at least 12 weeks probably improve DHEA(S) levels slightly compared to no
intervention in older adults. Similar results (Sato et al., 2014) and no changes (Hékkinen et
al., 2000; Hakkinen et al., 2002) were found in non-controlled resistance training
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interventions of at least 12 weeks. Further, DHEA can be maintained at a high level by long-
term training in older adults (de Gonzalo-Calvo et al., 2012).

2.5.2 Sex

Observational studies included 38% women (out of 729 participants), whereas
interventional studies included 79% women (out of 1314 participants). As eight studies
included females only, findings were meta-analysed, evidencing exercise interventions may
reduce cortisol levels slightly in older females compared to controls. Laughlin & Barret-
Connor (2000) found, however, that the cortisol: DHEA(S) ratio increased in ageing for both
sexes, levels of DHEA(S) remained lower, and cortisol and the cortisol:DHEA(S) ratio was
higher in women than in men throughout the 50-89 years of age range (Laughlin & Barrett-
Connor, 2000). These results are in line with a cross-sectional study in a group of healthy
older Tunisians investigating the sex-specific age-related alterations in cortisol and DHEAS,
stating that the cortisol: DHEAS ratio increases with age, with larger increases in women
(Chehab et al., 2007). This echoes the findings of studies on sex effects in ageing on cortisol
(Zhao et al., 2003) and DHEA(S) (Berr et al., 1996; Mazat et al., 2001; Zumoff et al., 1995).

2.5.3 Exercise intensity, type, duration and adherence

Exercise can act as a stimulus to the HPA axis, increasing cortisol levels. This is due
to the intensity and duration of exercise (McMurray & Hackney, 2000). Essentially, physical
exercise programmes seek to produce favourable physiological adaptation effects,
contributing to improved regulatory capacity, increased receptor number in the target tissue,
and improved receptor sensitivity (Hackney & Hackney, 2005). More research is needed to
elucidate how different exercises impact the endocrine regulatory axes. For this reason, an
important research question of this systematic review was to differentiate between different
exercise intensities, types and duration. PA (incorporating planned exercise) may contribute to
influencing hormonal profiles in the longer term. Therefore, this review included PA
interventions and observational data. To this end, no important subgroup differences were
found between intensity types. However, there is an overarching consensus that the HPA axis
is most impacted when training intensity exceeds 60% of VO2max (Caiozzo et al., 1982; Hill
et al., 2008). This is evidenced by studies pointing out that this intensity increases the rate of
glandular secretions, and cortisol elevations are not due to decreases in metabolic clearance

rate (Hill et al., 2008; VanBruggen et al., 2011). Other factors that are also shown to influence
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hormonal release with exercise are aerobiosis, strength modalities, timing of the day, meal
ingestion and participant characteristics (such as previous training and sex) (Hackney & Viru,
1999; Hackney, 2006; Leal-Cerro et al., 2003; Luger et al., 1987; Struder et al., 1998;
Traustadottir et al., 2003). However, not all older adults can exercise at this intensity.
However, they would still see some physical and mental health benefits from an active
lifestyle (Bull et al., 2020) and possible longer-term benefits on endocrine function. Hence,

this review also incorporated PA interventions and observational data.

The included RCTs overall reported good adherence rates, and there was no detected
difference in adherence between exercise types or intensities (Appendix 2.9). It is important to
note that in one study, although physical well-being was maintained after the completion of
the programme, the therapeutic effects on depression were not sustained in the follow-up
period (Tsang et al., 2013). This highlights the need for long-term adherence to an exercise
programme. An exercise duration of 12 weeks could be long enough for participants to form a
sustained habit change (Lally et al., 2010). This is important, as the largest body of evidence
indicates that sustained regular exercise is needed to maintain any gained health benefits
(Garber et al., 2011). In addition, literature suggests that the affective response to exercise is
also essential (Wegner et al., 2020). This is clinically important if we want people to engage

and maintain regular exercise for both their mental and physical health.

Further, most exercise adherence is seen near the ventilation threshold (65% VO2max)
(Ekkekakis et al., 2011). However, studies highlight that pleasure and adherence are highest
when the intensity (including during HIT) is self-selected rather than imposed (Ekkekakis et
al., 2011; Parfitt et al., 2006). To sum up, it seems important for people to choose the exercise
programme they enjoy most, in whichever modality or intensity they will adhere to, to

optimise endocrinological responses and healthy ageing.

Subgrouping for duration revealed no important effectiveness differences, suggesting an
exercise intervention of 12 weeks yields the same effects as longer interventions (14-28
weeks). This could help guide researchers when deciding on the duration of future exercise
interventions (for time/cost efficacy). In clinical practice, however, it should be noted that it is
uncertain whether the beneficial effects of interventions are maintained for extended periods
(only one study measured this (Tsang et al., 2003)). This is similar to the consensus that PA of

any kind needs to be maintained to sustain health benefits.
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2.5.4 Health status

When subgrouping by health status for the cortisol outcome, the meta-analysis showed
that exercise interventions may decrease cortisol levels slightly compared to controls in
different disease states. This is consistent with findings of other intervention studies showing
somewhat reduced cortisol in adults with different health conditions, such as breast cancer
patients (Ho et al., 2016) or females with Multiple Sclerosis (Najafi & Moghadasi, 2017).
However, other research groups found no change in cortisol after exercise in older adults with
rheumatoid arthritis (Hakkinen et al., 2005) or fibromyalgia (Valkeinen et al., 2005).

For DHEAC(S), only one study was conducted in frail older adults. This RCT found an
increase in DHEA(S) levels after a multimodal chair-based programme (Furtado et al., 2020),
agreeing with a prior intervention study in older adults (Heaney et al., 2013). Furtado et al.
further highlight the importance of maintaining exercise to keep DHEA levels elevated into
older age, as suggested by an earlier review about chronic exercise in older adults (Corazza et
al., 2013).

2.5.5 Cortisol and DHEA(S) sampling

Most studies (n= 16) measured cortisol in saliva, while others (n= 6) measured serum
cortisol. Cortisol salivary measures are accurate, non-invasive and rapidly sampled tests to
measure the response to physical stress, making it increasingly used in research (Gatti & De
Palo, 2011). Further, research seems to favour saliva measures over serum measures for the
clinical assessment of adrenocortical function (Aardal-Eriksson et al., 1998; Gozansky et al.,
2005; Vining et al., 1983). In contrast, more DHEA(S) samples were taken from blood (n=
10) vs. saliva (n= 3). However, salivary DHEA has the same feasibility advantages as salivary
cortisol and DHEA(S) concentrations in saliva are highly correlated with serum
concentrations (Ahn et al., 2007; Whetzel & Klein, 2010).

2.5.6 Number of samples for accurate measurement

Most of the studies included took cortisol and DHEA(S) samples at one point, mainly

in the morning. Where samples were taken on multiple days (e.g., pre-and post-tests),
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measurements were taken at the same time on different days to decrease within the subject's
diurnal variations. Indeed, the diurnal secretory activity is often reliably determined by a
single sample in the morning to assess within-subject variations over a certain period in an
older population (Kraemer et al., 2006). However, this has limited prognostic value due to
intra-individual differences (Coste et al., 1994; Pruessner et al., 1997). This, together with the
known diurnal rhythmicity of these hormones (Adam & Kumari, 2009; Stalder et al., 2016),
the flattening of the diurnal profile with ageing (Deuschle et al., 1997; Van Cauter et al.,
1996) and an increased day-to-day variation in older adults (Ice et al., 2004), means that there
is a need for protocols with multiple measurements targeting the overall diurnal pattern
(Segerstrom et al., 2014). This further highlights a need for measurement consistency in
research to compare different study findings (Dickerson & Kemeny, 2004; Ryan et al., 2016).
An accepted sampling design for cortisol involves, e.g. measurements immediately after
awakening, 30 minutes post-awakening, noon, late afternoon, and immediately before bed
(Hellhammer et al., 2007). This is similar to the measurement methods of the identified cross-
sectional studies (Heaney et al., 2014; Lucertini et al., 2015; Pauly et al., 2019) and RCTs (Ho
etal., 2020; Lu et al., 2020; Venturelli et al., 2016). Further guidance for conducting field
research on cortisol is given in another article (Saxbe, 2008). For an overview of the

definitions of different cortisol indices, read the review of Khoury et al. (Khoury et al., 2015).

2.5.7 Strengths and limitations

This systematic review used rigorous methods throughout the process to prevent
possible bias by carefully following several established guidelines on systematic reviewing,
both for narrative and meta-analyses (see Methods). Further, the selection of studies, critical
appraisal and data extraction were conducted by two independent researchers (LDN and EO),
while the data analysis and interpretation were carefully followed by the whole research team
(AW, GR, JC). Further, relevant findings were compared with previous findings in an
objective way by considering the “five C’s” (Cite, Compare, Contrast, Critique and Connect)

(Kennedy, 2016) of the most prominent trials revealed during the review process.

Several limitations are considered in the conduct of this review process. First, although the
sign test is a valuable tool for interpreting the overall pattern of effect direction, it raises
several issues, as acknowledged by the authors who updated the effect direction plot for better
research guidance (Boon & Thomson, 2021). Thus, the power of the sign test used in the

narrative analysis of observational studies is limited due to the small number of included
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studies. Also, there are well-recognised caveats about the limitation of p-values and
significance testing in judging associations (Sterne & Smith, 2001; Wasserstein et al., 2019)
and with vote counting. Therefore, claims made regarding the effectiveness of regular PA in
the cross-sectional studies were modest. Second, substantial heterogeneity in the cortisol
outcome complicates a meaningful summary. However, combining studies was deemed
appropriate, and the heterogeneity was properly explored by conducting a priori-defined
subgroup analysis and explained after sensitivity analysis. Third, established pitfalls regarding
claims of subgrouping were considered (Burke et al., 2015). Therefore, subgroupings were
performed to allow for better interpretation rather than to let the conclusions of the discussed

subgroup influence clinical guidance.

2.5.8 Implications for practice

The general picture emerging from the analysis is that regular PA in older adults is
associated with improved cortisol and/or DHEA(S) levels. Physical exercise interventions of
at least 12 weeks of any modality can beneficially improve these levels. The low to moderate
certainty of this effect does not extend to different subgroups of health status or low-income
countries. Considering the present findings in the light of previous literature about adherence
to PA and habit formation, it is recommended that practitioners advise older adults to choose
any activity they enjoy doing, will do regularly, and maintain over a long period.

2.5.9 Implications for research

Further research is required to assess the associations between regular PA and
hormonal balances, including data from low-to-middle-income countries varying in socio-
economic status and ethnicity, in line with a recent review (Daskalopoulou et al., 2017). As
feasibility and safety are established in older adults for all discussed exercise modalities and
health states, studies should continue to explore exercise intervention effects on cortisol
and/or DHEA(S), and the ratio in older adults, differentiating between different health states
(e.g., metabolic syndrome, different mood states, cognitive decline, frailty) or different
exercise modalities (types or intensities) in well-controlled clinical trials. With this, a
systematic review could be repeated to increase the precision of understanding of intervention

effects in different health states for different exercise modalities.
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Saliva samples are accurate, non-invasive and rapidly taken, so future studies could use this
measurement approach. Further, multiple measurements to make assumptions about the
diurnal slope of cortisol are best practice. However, the number of sampling times is clearly a
cost/accuracy trade-off. These measures should be complemented with a more comprehensive
assessment of the quality of life outcomes (e.g., questionnaires about well-being, anxiety,
stress perception, and feelings of loneliness), as this will provide more in-depth insights on
different variables contributing to how PA and hormonal parameters influence the general
health of older adults. These recommendations are based on the literature base found through

systematic review processes until September 2021.
2.6 Conclusion

This systematic review suggests that engagement in regular PA beneficially impacts
cortisol and DHEA(S) levels. The evidence fell into two categories: First, a narrative
synthesis of nine cross-sectional studies in older adults showed small associations between
regular PA in daily life and lower total cortisol output. However, there was low-quality
evidence that being physically active in daily life at older age is associated with increased
DHEA(S) levels. Second, a meta-analysis of 17 RCTs showed that exercise interventions
probably reduce cortisol levels compared to no intervention. In addition, meta-analytic
findings of six RCTs showed that exercise training of at least 12 weeks probably improves
DHEA(S) levels slightly compared to no intervention in older adults.
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Chapter 3: Systematic review Two: PA influences cortisol and sleep in adults.

This chapter expands the investigation of PA’s effects on healthy ageing to include sleep
quality, another vital component of health and well-being. It presents a systematic review
exploring the interactions among PA, cortisol levels, and sleep patterns in adults and older
adults. This is based on the peer-reviewed systematic review and meta-analysis published as
“The effects of PA on cortisol and sleep: A systematic review and meta-analysis” in

Psychoneuroendocrinology, Volume 143, 105843 (De Nys et al., 2022).
3.1 Introduction

Regular PA, managing stress and having good quality sleep significantly contribute to
healthy ageing (World Health Organization, 2015). Recent studies have shown that physical
exercise can positively impact physical and mental health (Penedo & Dahn, 2005). Further, it
moderates stress systems (Anderson & Wideman, 2017; Duclos & Tabarin, 2016; Fragala et
al., 2011) and positively affects sleep quantity and quality (Kredlow et al., 2015; Uchida et al.,
2012; Vanderlinden et al., 2020; Wang & Boros, 2019). Despite this, remarkably few studies
have examined physical exercise's combined effect on stress and sleep.

Cortisol is an adrenal hormone released in response to stress (Ockenfels et al., 1995). It
displays strong circadian rhythmicity, with high levels in the morning and a steady decline
towards the evening (Adam & Kumari, 2009; Stalder et al., 2016). This diurnal fluctuation
indicates hypothalamic-pituitary-adrenal (HPA) axis reactivity (Smyth et al., 1997). A
favourable cortisol profile is characterised by a brief peek in the morning in the first 30-45
minutes after awakening (known as the CAR). A gradual decline follows this peak during the
waking day to reach a low point around midnight (Kirschbaum & Hellhammer, 1989;
Pruessner et al., 1997). Studies show that a daily cortisol curve with a typically sharp decline
is associated with better physical and psychosocial health (Adam et al., 2006; Adam &
Kumari, 2009). However, an accepted sampling design for cortisol involves, e.g.
measurements immediately after awakening, 30 minutes post-awakening, at noon, in the late
afternoon, and immediately before bed (Hellhammer et al., 2007). The known diurnal
rhythmicity of cortisol (Adam & Kumari, 2009; Stalder et al., 2016), the significant intra-
individual differences (Coste et al., 1994; Pruessner et al., 1997) and the significant variability
between people in the shape of their diurnal cortisol rhythms (Adam et al., 2006; Smyth et al.,

1997) highlight a need for measurement consistency in research in order to compare different

81


https://sciwheel.com/work/citation?ids=13234607&pre=&suf=&sa=0&dbf=0

study findings (Dickerson & Kemeny, 2004; Ryan et al., 2016). Cortisol is often used as a
biomarker to indicate dysregulation of the HPA axis, triggering subsequent poor sleep and
fatigue (Bower et al., 2005; Buckley & Schatzberg, 2005b), further promoting negative health
states such as depression (Juster et al., 2010; Lupien et al., 2007), cancer recurrence (Sephton
et al., 2013; Sephton et al., 2000), and is associated with all-cause and cardiovascular
mortality (Kumari et al., 2011; Phillips et al., 2010).

Further, while sleep is necessary for human health (Grandner, 2017), sleep problems are
prevalent globally (Léger et al., 2008). Sleep problems are associated with poorer quality of
life and several comorbidities, such as cardiovascular problems, cancer, mental and physical
health issues, and contribute to all-cause mortality (Irwin, 2015; Kripke et al., 2002; Mallon et
al., 2002; Simon & VonKorff, 1997). This evidence highlights the importance of

understanding how cortisol levels and sleep can be improved.

Numerous studies have investigated the reciprocal interactions between the HPA axis and
sleep regulation (for a review, see e.g. (Nollet et al., 2020; Steiger, 2002)). First, the HPA axis
is implicated in sleep regulation and sleep/wake cycles (Buckley & Schatzberg, 2005b; Ono
& Yamanaka, 2017; Pawlyk et al., 2008). Second, sleep hygiene and circadian rhythmicity are
proven to impact cortisol profiles through a decreased efficacy of the negative feedback
regulation of the HPA axis (Spiegel et al., 1999). Sleep disruption increases stress by
triggering the HPA axis and dysregulating the production of one of the main adrenal stress
hormones, cortisol (Kim et al., 2015; Wright et al., 2015). In turn, stress increases sleep
disruption. As both lead to downstream effects on health (Ono & Yamanaka, 2017), an
integrative approach to understanding how these factors interact with each other deserves

research attention.

In summary, there is established health importance of, and a bidirectional relationship
between, cortisol and sleep. Both are moderated by physical exercise. However, few attempts
have been made to summarise these data systematically. Consequently, this systematic review
aimed to assess the effects of physical exercise on the physiological stress marker cortisol and
sleep, either subjectively or by examining physiological sleep architecture. It further sought to
examine whether there was a difference in participant characteristics (such as in different age
groups, sex or health status) or intervention characteristics (type or duration of PA), and

whether there was a relationship between cortisol markers and sleep outcome changes.
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3.2 Methods
3.2.1 Protocol

This systematic review was conducted and analysed based on the PRISMA guidelines (Page
et al., 2021). The systematic review protocol was registered in PROSPERO
(https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=272251),
registration number CRD42021272251.

3.2.2 Eligibility criteria

Original, peer-reviewed articles in the English language of intervention studies, such
as randomised controlled trials (RCTs) and non-RCTs with relevant control groups, were
eligible for inclusion. No date limits were chosen. The Population, Intervention, Comparison
and Outcome (PICO) characteristics (Richardson et al., 1995) for eligibility were: (1) adults
and older adults, regardless of their health condition (having a sleep complaint was not
required); (2) physical exercise intervention programmes or movement-based mind-body
approaches of any duration; (3) controls receiving no intervention (e.g., wait-list or usual
care), or controls included in a different programme and; (4) physiological measure of stress
(cortisol in saliva, blood, hair or urine samples) and measurements of sleep, either subjective
(questionnaires such as Pittsburgh Sleep Quality Index) or objective (architecture of sleep
such as polysomnography, actigraphy, and accelerometery). No filters in search databases
were used. Studies were ineligible if outcomes of interest were not measured or because the

results for the outcome of interest were not reported.
3.2.3 Information sources and search strategy

Searches were run in August 2021 and re-run before the final analyses in October
2021. The following electronic bibliographic databases were searched: PubMed, the Cochrane
Library (the Cochrane Central Register of Controlled Trials (CENTRAL)), PsycINFO,
OvidSP, CINAHL and Web of Science (no data limits were chosen). Grey literature searches
were conducted by searching online databases (ClinicalTrials.gov) and using the Google
Scholar search engine according to the recommendations of Haddaway (Haddaway et al.,
2015). Reference lists of key papers were searched and cross-references manually to
supplement initial keyword searches. Appendix 3.1 shows the exact search strategy used with
suitable search terms for each database.
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3.2.4 Selection process

Search results were collected using Sciwheel software (sciwheel.com). Two reviewers
independently screened each title and abstract for eligibility using Rayyan software
(rayyan.qcri.org) (Ouzzani et al., 2016). Any study identified by either reviewer was included
for further screening. The same two reviewers performed full-text screening of selected
records, and any disagreements were resolved by discussion and consensus. A third reviewer

was available when no consensus was reached.
3.2.5 Data collection process

One reviewer (LDN) collected data from each selected record, carefully checked by
the second reviewer (KA). Disagreements were resolved by discussion between the two
reviewers, with a third reviewer overviewing the process. Study investigators were contacted
to obtain missing information (n= 6). Data extraction from figures or graphs was conducted
with WebPlotDigitizer (Rohatgi, 2021). When multiple records corresponded to a single
study, the record most relevant to the review question was used to extract data of interest.

3.2.6 Data items

Data extraction was performed using Excel, collecting the following data items: (1)
study ID, (2) design, (3) PICO characteristics, including different age groups (adults aged 26-
47 years, middle-aged adults aged 48-64 years, and older adults aged 65 years or over),
different exercise interventions using Frequency, Intensity, Time, Type and Duration (FITT-
D) components, cortisol measurements (saliva/blood/other), and subjective (Pittsburgh Sleep
Quality Index (PSQI)/other), or objective (polysomnography/other) sleep measurement, (4)
general findings and (5) statistics relevant to the research question. Where multiple subjective
sleep measurements were reported, we selected one outcome (PSQI) for inclusion in the meta-

analysis and for reporting main outcomes, as this questionnaire was most frequently used.
3.2.7 Study risk of bias assessment

To ascertain the validity of eligible studies, the two reviewers independently assessed
the risk of bias to determine the adequacy of randomisation, concealment of allocation,
blinding of participants, personnel or data collectors, reliability and completeness of outcome
data or selective reporting and an overall summary ‘Risk of Bias’ (RoB) judgement (low,

some concerns, high), where the overall RoB for each study was determined by the highest
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RoB level in any of the domains that were assessed for both outcomes. The Cochrane Risk of
Bias (RoB) 2.0 tool (Higgins et al., 2011) was used to assess RCTs. There were no non-RCTs

retrieved in the review process, so no bias assessment for non-RCTs was performed.
3.2.8 Effect measures

Continuous measures were displayed for each outcome using mean differences (MD)
and 95% confidence intervals (CI) for studies using the same scale, and standardised mean
differences (SMD) and 95% CI were used to compare the same outcomes measured in

different ways.
3.2.9 Synthesis methods

No non-RCT studies with relevant control groups were retrieved, so only RCTs were
synthesised. Study characteristics were tabulated and sorted by outcome for consistency. The
risk of bias in included studies was visualised with the ‘robvis’ software (McGuinness &
Higgins, 2021). Included study data were found to be similar enough in terms of
methodological and clinical characteristics to ensure meaningful conclusions from a
statistically pooled result, so meta-analyses were performed for both the cortisol and sleep
outcomes. Assuming a true effect was not the same in all studies and that studies were
performed in different populations, random-effects models to analyse data were performed.
The data were based on mean, standard deviation (SD) and the number of participants
assessed for both the intervention and comparison groups. They were used to calculate the
SMDs and 95% in Review Manager 5 (The Cochrane Collaboration, 2020). Forest plots
visualised these, and any data conversions or transformations of the reported data can be
found in Appendix 3.2. The degree of heterogeneity was assessed through Chi-squared (Chi?)
statistics and was quantified and interpreted using the I-squared (1) statistic. To explore
heterogeneity and in convergence with the research question, sub-group analyses were
conducted to differentiate between age groups, sex and health status if there were enough
studies identified to make relevant comparisons. RCTs not included in the meta-analysis were
synthesised narratively. If sufficient studies showed a correlation between cortisol and sleep
measures, effect sizes based on correlation were measured for these studies (as predefined in
the protocol,
https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=272251).
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A sensitivity analysis was conducted by making a chart with the characteristics of the
retrieved trials that were relevant to the review question but did not have a control group in
their design (non-RCTSs) and by comparing them narratively with the results of the primary
analysis. Second, an effect direction plot was performed with the retrieved RCTs and non-
RCTs that reported the sleep outcomes in multiple ways based on existing guidance (Boon &
Thomson, 2021). Third, intervention effects of RCTs in the meta-analysis were sub-grouped
by relevant control groups (active control, usual care or waiting list) for both cortisol and

sleep outcomes.
3.2.10 Reporting bias assessment

A funnel plot (Egger’s test) (Egger et al., 1997) was assessed to evaluate small-study
effects, together with visual inspection for asymmetry (Appendix 3.3). If asymmetry was
detected, trial characteristics, protocols (if available), or methods and results sections of the
trial publications would be reviewed to assess whether the asymmetry was due to publication
bias or other factors, such as methodological or clinical heterogeneity of the trials. The
potential impact of missing results was explored in the sensitivity analyses.

3.2.11 Certainty assessment

The certainty of all evidence was assessed as high, moderate, low, or very low, using
the GRADE approach (Guyatt et al., 2008) for the cortisol and sleep outcomes. A starting
rating of ‘High quality’ evidence was downgraded by one level if serious concerns (or by two
levels for very serious concerns) became apparent regarding risk of bias, inconsistency,
indirectness, imprecision, or publication bias. GRADE wording was used to incorporate
certainty of evidence (Guyatt et al., 2011). The standardised statements to describe results are

based on existing consensus (Glenton et al., 2010).
3.3 Results
3.3.1 Study selection

A total of 4143 records were retrieved through database searches. After duplicate
removal, 3412 records remained, from which 103 were retrieved for full-text screening.
Finally, 12 reports of 10 original studies were included (Figure 3.1) (Al-Sharman et al., 2019;
Arikawa et al., 2013; Banasik et al., 2011; Bowden et al., 2012; Chandwani et al., 2010; Chen
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et al., 2013; Hilcove et al., 2021; Ho et al., 2016; Ho et al., 2018; Imboden et al., 2021; Payne
et al., 2008; Ratcliff et al., 2016). Reports were mainly excluded due to wrong PICO
characteristics, e.g., (1) participants were children, adolescents, or young adults (18-25 years
old), (2) interventions were exercises which were not movement-based (mindfulness or
meditation only) (3) outcome measures were stress and sleep, but the stress component was
not measured through cortisol samples. A table with characteristics of studies that were
excluded after full-text screening (de Bruin et al., 2017; Fouladbakhsh et al., 2014; Garrido et
al., 2017; Grahn Kronhed et al., 2020; Leone et al., 2018; Passos et al., 2014; Reid et al.,
2010; Vera et al., 2009; Zaccari et al., 2020), with reasons for exclusion, is in Appendix 3.4.

Identification of studies via databases and registers

o
Records identified from*:
Databases (n =4143)
= Pubmed (n = 1102)
g Cochrane (n = 703) Records removed before
3 PsychINFO (n =75) p| Screening
% OVID (n =277) Duplicate records removed
= CINAHL (n =52) (n=1731)
2 Web Of Science (n = 125)
Clinical trial (n = 2563)
Google Scholar (n = 1556)
e
r
Records screened »| Records excluded
(n=23412) "1 (n=3309)
Y
Reports sought for retrieval | Reports not retrieved
2 (n=103) = (n=0)
=
o
2
é h 4
Reports assessed for eligibility N Rep&r:gnzxggﬂgif#ams (n=10)
(n=103) " Wrong intervention (n = 22)
Wrong outcome measure (n
=44)
Wrong study design (n = 8)
Lack of relevant control group
(n=5)
N’
v
e Studies included in review
2 (n=10)
S Reports of included studies
= (n=14)

Figure 3.1 PRISMA flow diagram of the systematic review.
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3.3.2 Study characteristics

All included studies were RCTs (n= 10), of which one was an RCT comparing three
different interventions. Key characteristics of each study are presented in Table 3.1, and a

chart summary was made to summarise all study characteristics (Figure 3.2).
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Table 3.1 Characteristics of included randomised controlled trials.
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Study characteristics

RCTs (n =10)

Participants (n = 756) Interventon (n studies)

Type
Aerobic (n=4)
Mind-body (n =5)
Dance (n=1)
Extra breathing

component (n=2) y

Age groups (n studies)

Adults 26-47years (n=4)
Middle aged 48-64 (n=4)
Adults and middle aged (n=2)

Biological gender (%) L
10% males Duration

3 weeks (n=1)
6 weeks (n=5)
8 weeks (n=1)
. 14 weeks (n=1)
Health status (n studies) 16 weeks (n=1)
Generally healthy (n=2) y
Multiple Sclerosis (n = 1)

Mood disorders (n= 1)

Breast cancer (n=6)

90% females

Comparison (n
studies)

Active control (n=3)
No exercise (n=4)
Usual care (n=2)
Brain wave training or
mindfulness (n=1)

Sleep measurement
Pittsburg sleep questionnair
Cortisol measurement = (T!; 8) =
Saliva sample (n="7) Otber scales (n=7)
Blood sample (n=3) fia ik by a=1)
Extra actigraphy (o=1)

1x moming (n=4)
4x moming for CAR (n=1)
Diumal slope (n=75)

Figure 3.2 Study characteristics of the included Randomised Controlled Trials (RCTs).

3.3.3 Risk of bias in studies

Some concerns regarding the overall risk of bias arose in six of the ten studies due to

domain four, ‘Bias due to outcome measurement’ (Figure 3.3). Subjective questionnaires may

be subject to recall or performance bias. However, all included questionnaires were valid and

reliable as standardised (a priori-defined) sleep measurement tools.
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Risk of bias domains

Study

0000000000
0000000000
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Domains: Judgement
D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention. = Some concerns
D3: Bias due to missing outcome data. . Fow

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

Figure 3.3 Traffic light plot of the risk of bias assessment of the included studies.

3.3.4 Results of individual studies

Each study's summary statistics, effect estimate, and precision are presented in a forest
plot (Figures 3.4 and 3.5). For the articles by Payne and Arikawa (Arikawa et al., 2013;
Payne et al., 2008), the mean SDs had to be computed or estimated from other information
(Appendix 3.2)
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Figure 3.4 Forest plot for the cortisol outcome

Note. Experimental: physical exercise intervention programmes or movement-based mind-
body approaches of any duration. Control: controls receiving no intervention (e.g., wait-list or

usual care), or controls included in a different programme.

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Ci IV, Random, 95% CI
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Favours [experimental] Favours [control]

Figure 3.5 Forest plot for the sleep outcome

Note. Experimental: physical exercise intervention programmes or movement-based mind-
body approaches of any duration. Control: controls receiving no intervention (e.g., wait-list or

usual care), or controls included in a different programme.
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3.3.5 Results of syntheses

The 10 RCTs included 756 participants (90% females), with mainly adults (27-64
years old) and no older adults (65+ years old). Most studies included females with breast
cancer (n = 6) and used saliva samples (n = 7). The discrepancy in participants' characteristics
across studies was visualised in diagrams (Appendix 3.5). Five studies measured the diurnal
cortisol slope, one measured the cortisol awakening response (CAR), and one performed a
one-point-in-time measurement to measure cortisol, and the Pittsburgh Sleep Questionnaire
Index (PSQI) (n = 8) to measure sleep. A chart overview of study characteristics was made
(Figure 3.2). Four studies were of low risk of bias, whereas six raised some concerns owing to
not having an active control group. Knowledge of the assigned intervention could have
influenced participant-reported outcomes in the subjective sleep questionnaires. However, all
questionnaires used were validated for each of the participant groups. Further, many
confounding factors could be at play in cortisol measurement. However, each study used
standardised (a priori-defined) protocols for the cortisol sampling and randomisation

strategies for control groups to account for most confounding factors.

Nine RCTs directly used cortisol and PSQI outcome measures with relevant control groups
(Al-Sharman et al., 2019; Arikawa et al., 2013; Banasik et al., 2011; Bowden et al., 2012;
Hilcove et al., 2021; Ho et al., 2016; Imboden et al., 2021; Payne et al., 2008; Ratcliff et al.,
2016), and were deemed clinically and methodologically similar enough to be included in the
meta-analysis. One study was deemed inappropriate to be included in the meta-analysis
because it lacked a relevant control group, as it compared the effects of a brain wave training

programme to a yoga and a mindfulness group.

Physical exercise was associated with reduced cortisol levels (SMD [95% CI] = -0.37 [-0.52, -
0.21] p < 0.001) and improved PSQI outcomes (SMD [95% CI] = -0.30 [-0.56, -0.04], p =
0.02) compared to active controls or usual care among 651 and 660 (middle-aged) adults,
respectively. With heterogeneity in the PSQI outcome (Chi? = 18,82 with df = 8), the
quantified heterogeneity was deemed moderate (I = 57%). The moderate heterogeneity could
be explained by excluding studies with the highest SMDs without changing the overall effect.
Further, although studies were deemed similar enough, clinical differences, e.g., differences
between the health status of participants, could also explain the heterogeneity. No RCTs

reported a correlation between cortisol and sleep outcomes. However, one non-RCT reported
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that decreases in cortisol were significantly correlated with increases in total sleep time and
rapid eye movement (REM) sleep (Passos et al., 2014).

3.3.6 Sub-group Analyses

The magnitude of the direction of effect did not notably change among all sub-group
analyses performed. Differentiating between sexes was deemed not valuable as insufficient
data was retrieved to assess males as a distinct subgroup. Also, none of the analyses explained
the moderate statistical heterogeneity in the PSQI outcome (Appendix 3.6). First, identified
age groups were adults (26-47 years old) only (four studies (Al-Sharman et al., 2019; Arikawa
et al., 2013; Hilcove et al., 2021; Imboden et al., 2021)), and adults and middle-aged adults
(26-64 years old) (five studies (Banasik et al., 2011; Chen et al., 2013; Ho et al., 2018; Payne
et al., 2008; Ratcliff et al., 2016)), sub-groups did not differ significantly (p = .49 for cortisol,
and p = .53 for PSQI). No studies were performed on older adults (65 years and over).
Second, cortisol measurement was done by measuring the diurnal cortisol slope (Banasik et
al., 2011; Chen et al., 2013; Hilcove et al., 2021; Ho et al., 2018; Ratcliff et al., 2016), one
point in time measurement (Al-Sharman et al., 2019; Arikawa et al., 2013; Bowden et al.,
2012; Payne et al., 2008), or the CAR (Imboden et al., 2021). Sub-grouping between cortisol
measurements revealed no significant differences (p = .66). Third, three studies used active
control groups (Al-Sharman et al., 2019; Imboden et al., 2021; Ratcliff et al., 2016), while six
studies used usual care or wait-list controls as comparison groups (Arikawa et al., 2013;
Banasik et al., 2011; Chen et al., 2013; Hilcove et al., 2021; Ho et al., 2018; Payne et al.,
2008), these two sub-groups did not differ significantly (p = .89 for cortisol, and p = .73 for
PSQI). This analysis was also part of the sensitivity analysis (see below). Fourth, regarding
intensity type, four studies used aerobic exercise (Al-Sharman et al., 2019; Arikawa et al.,
2013; Imboden et al., 2021; Payne et al., 2008), and five studies used mind-body exercises
(Banasik et al., 2011; Chen et al., 2013; Hilcove et al., 2021; Ratcliff et al., 2016). Again,
these two sub-groups did not differ significantly (p = .50 for cortisol and p = .27 for PSQI).

3.3.7 Sensitivity Analyses

Sensitivity analyses were consistent with the main analysis, indicating the robustness
of the synthesised results. Narrative analyses that included descriptive PICO characteristics of
retrieved non-RCTs (n = 5) (Appendix 3.7) showed similar study characteristics compared to

the included RCTs. Notable differences were mainly in the ‘participant” domain: one study
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included older adults (Fouladbakhsh et al., 2014), and more men were included compared to
in the RCTs (30% vs. 10% respectively). Further, none of the studies looked at breast cancer,
whereas six out of 10 RCTs did. A summary of other measures for sleep, including both
RCTs and non-RCTs, revealed seven other measurements of sleep, including four studies
complementing a sleep questionnaire with measures of the architecture of sleep
(polysomnography) (Imboden et al., 2021; Leone et al., 2018) and actigraphy (Al-Sharman et
al., 2019; Garrido et al., 2017) (Figure 3.6).
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Fatigue Polysomno-
Study Study Design PSQI BFI ISI likert scale GSQ SSQ PRFS graphy  Actigraphy

Arikawa, 2010 RCT <>

Chen, 2013 RCT <> <>

Chandwani, 2014 RCT A

Ho, 2016 RCT A A

Hilcove, 2020 RCT A

Imboden, 2021 RCT A <

Figure 3.6 Summary of measures for sleep, including both RCTs and non-controlled trials.

Study design: RCT: Randomised Controlled Trial; nCT: non-Controlled Trial

Outcome: PSQI: Pittsburgh Sleep Quality Index; BFI: Brief Fatigue Inventory; ISI: Insomnia Severity Index; GSQ: Global sleep quality (item
from PSQI), SSQ: Spiegel Sleep Questionnaire; PRFS: Piper Revised Fatigue Scale

Effect direction: upward arrow A = positive health impact, downward arrow V¥ = negative health impact, sideways arrow 4®» = no
change/mixed effects/conflicting findings

Sample size: final sample size (individuals) in intervention group Large arrow A >300; medium arrow A 50-300; small arrow A <50

Colours: Green: Low risk of bias, Orange: some concerns, Red: High risk of bias



3.3.8 Reporting bias

A funnel plot by Egger revealed no visual asymmetry in the cortisol outcome and an
asymmetry in the sleep outcome due to missing studies on the ‘no intervention effect’
(Appendix 3.3). Reporting bias is considered. However, this asymmetry could exist due to
chance, as the analysis contained few studies with few participants (Sterne et al., 2011).
Further, a sensitivity analysis that explored the impact of potential missing results in the main
analysis showed that pilot studies without control groups reported similar results compared to
the included RCTs.

3.3.8 Certainty of evidence

First, there was moderate certainty evidence that physical exercise probably decreases
cortisol levels slightly compared to active controls or usual care. Second, there was low-
certainty evidence that exercise interventions may improve PSQI outcomes slightly compared
to active controls or usual care. The evidence was downgraded by one level for each outcome
due to an issue with indirectness and another level in the PSQI outcome due to moderate
heterogeneity. The explained wordings and judgements can be found in the footnotes of the
accessory summary table (Appendix 3.8).

3.4 Discussion

3.4.1 Overall completeness and applicability of evidence

This systematic review and meta-analysis showed small beneficial effects of physical
exercise interventions to decrease cortisol levels and improve adult sleep outcomes, compared
to active controls or usual care. Caution is needed to generalise these findings to the general
population, as of the nine meta-analysed studies, six included solely breast cancer patients,
and only 10% of the participants were male. These findings agree nonetheless with separate
systematic reviews on the topic that physical exercise improves cortisol levels (Anderson &
Wideman, 2017; Duclos & Tabarin, 2016; Fragala et al., 2011) and sleep outcomes (Kredlow
et al., 2015; Uchida et al., 2012) in adults. In addition, the analysis by Kredlow (2015)
showed improvements in effect sizes for both subjective and objective sleep outcomes (i.e.,
the PSQI and data such as total sleep time and sleep efficiency (Kredlow et al., 2015)). This is

consistent with the current sensitivity analysis finding similar results between subjective and
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objective sleep measures. However, this is the first systematic review to quantify the average
effect of physical exercise on stress and sleep together.

Notably, meta-analytic data mainly consists of a unique sample of females with breast cancer.
This is with good reason, as breast cancer is the most prevalent cancer among women
worldwide (Miller et al., 2016). Further, patients often suffer from various side effects such as
psychological distress or disruption in the HPA axis, fatigue, and sleep disturbances during or
after radiotherapy (Noal et al., 2011; Roscoe et al., 2002; Sjovall et al., 2010) or
chemotherapy (Byar et al., 2006), and sleep disturbance and fatigue are found to go hand in
hand with disruption of cortisol rhythms in these patients (Tell et al., 2014). Interestingly,
although breast cancer affects older post-menopausal women almost twice as much as
younger pre-menopausal women (Jemal et al., 2007), this systematic review did not identify
studies specific to older women with breast cancer. This indicates that minimal research has

been explicitly conducted on this population.

Further, 90% of the participants included in this systematic review were female. Men and
women tend to react differently to stress psychologically and biologically. Therefore,
considerations about sex differences should be acknowledged. First, HPA axis responses to
physical exercise do not differ between men and women (Friedmann & Kindermann, 1989;
Kirschbaum et al., 1992; Kraemer et al., 1989). However, it appears that women react
differently to chronic stress compared to men, displaying larger increases in cortisol levels
when chronically stressed (Kunz-Ebrecht et al., 2004; Schulz et al., 1998; Steptoe et al.,
2000). The general picture that emerges is that there are significant sex differences for ACTH
and free salivary cortisol (measured in saliva) but not for plasma cortisol (Kirschbaum et al.,
1999; Kudielka et al., 2004; Kudielka & Kirschbaum, 2005). Further, the HPA axis is
influenced by sex hormones, particularly estrogen (Gillies & McArthur, 2010), which can
modify stress responsiveness by regulating cortisol receptors (Oldehinkel & Bouma, 2011).
This evidence highlights the importance of using standardised methodological protocols to
strictly distinguish between the total cortisol secretion and the bioavailable cortisol levels and
to differentiate between pre- and post-menopausal states and menstrual cycle phases to draw

conclusions.

A concurrent wide variability for both outcomes in the effectiveness of the physical exercise
interventions is seen in most trials, as indicated by wider 95% Cls. In line with this, previous

research suggests that cancer patients with higher distress or depressive symptoms (Andersen
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et al., 2010; Antoni et al., 2001; Danhauer et al., 2009) or elevated sleep disturbance (Ratcliff
et al., 2016) derive greater benefit from psychosocial or behavioural interventions. Further, a
recent meta-analysis of 61 trials evidenced that baseline distress moderates the efficacy of
such interventions for cancer patients (Schneider et al., 2010). This suggests that physical
exercise interventions may be most beneficial for adults with current poor (mental) health
states.

As a priori described in the protocol, any statistical correlation between changes in cortisol
and sleep outcomes in the identified records would be documented, but no RCTs reported
this. However, one identified non-RCT in middle-aged adults with chronic insomnia found
that reductions in cortisol were significantly correlated with increases in total sleep time and
rapid eye movement sleep (measured by polysomnography) after an aerobic exercise
intervention of 12 weeks (Passos et al., 2014). In addition, previous literature also points to
such an association: The conceptual model developed by Payne (2004) suggests that fatigue,
sleep disturbances, and depressive symptoms may result from dysregulation of hormones such
as cortisol (Payne & Nadel, 2004). Similarly, other studies in cancer research pointed out that
sleep disturbance and fatigue were associated with disrupted cortisol rhythms (Schmidt et al.,
2016; Tell et al., 2014). It seems that cortisol regulation and sleep quality are intertwined and
that physical exercise could improve both in several ways. However, few intervention studies

have examined this, thus indicating a fruitful line of future research.

This systematic review found that all studies modulating cancer-related fatigue were on
women with breast cancer (Arikawa et al., 2013; Banasik et al., 2011; Chen et al., 2013; Ho et
al., 2018; Payne et al., 2008; Ratcliff et al., 2016). Another systematic review and meta-
analysis also found limited published evidence on modulating cancer-related fatigue in males
(Brown et al., 2011). Further, a review with similar findings to this review described in depth
the neuroendocrine-immune responses to exercise and sex (Fragala et al., 2011), which could
be of particular interest to researchers seeking to design future physical exercise interventions
on cancer-related fatigue, differentiating between males and females.

Although the present research set out to differentiate between different age groups (adults
aged 26-47 years, middle-aged adults aged 48-64 years, and older adults aged 65 years or
over), the search retrieved no RCTs that included older adults, and only one pilot study that
included nine older lung cancer survivors. This was surprising for the following reasons. First,

age-related changes are associated with a dysregulation of the circadian rhythm of the HPA
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axis (Al-Turk & Al-Dujaili, 2016; Heaney et al., 2012), further leading to sleep problems
(Van Cauter et al., 2000). Second, many sleep disturbances in ageing parallel the age-related
changes in the HPA axis and cortisol rhythm, suggesting that the HPA axis may play a key
role in ageing-related changes with sleep (Buckley & Schatzberg, 2005a). Third, an
established link exists between sleep quality and psychological well-being in older adults
(Hanson & Ruthig, 2012).

Nevertheless, other trials in older adults did find improvements in quality of life, stress, and
sleep outcomes after physical exercise interventions, with stress measured subjectively with
questionnaires rather than with cortisol (Grahn Kronhed et al., 2020; Halpern et al., 2014;
Innes & Selfe, 2012). Thus, quality research is lacking in measuring the effects of the joint
effect of physical exercise interventions on cortisol and sleep in older adults. Future research

should focus on this issue and the correlation between cortisol and sleep measures in this age

group.

Another research question was to differentiate between different intervention types. The
performed analysis did not find any significant sub-group differences, partially because the
analysis yielded too few studies to make meaningful interpretations. However, regarding the
cortisol outcome, a meta-analysis exploring the effect of different exercise interventions
found that aerobic exercise in patients with major depressive disorder reduced cortisol levels
the most compared to strength training (Beserra et al., 2018). Again, caution in interpretation
is suggested due to the small number of studies, with substantial heterogeneity among them.
Regarding sleep, reviews have shown positive effects on sleep quality across various exercise
modalities (such as mind-body exercises and vigorous strength exercises) (Brupbacher et al.,
2021) and levels of intensity (Lederman et al., 2019). More quality studies differentiating

between different exercise types could deepen this understanding.
3.4.2 Strengths and limitations

This review process carefully followed the PRISMA guidelines (Page et al., 2021).
The screening and selection of articles, risk of bias assessment, and rating of the certainty of
the evidence were done independently by two reviewers. Also, the second reviewer carefully
screened the data extraction performed by one reviewer. Reporting bias was addressed by a
funnel plot and sensitivity analysis and properly reported. This rigorous methodology allowed
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for greater confidence in the objectivity of the results. Further, a meta-analysis was performed
to increase the precision of the effect estimates.

However, to interpret the findings appropriately, several limitations of the evidence included
in this review must be considered. First, this systematic review included a relatively small
number of studies, only RCTs, mainly in breast cancer patients, including remarkably fewer
males. In addition, it should be mentioned that positive outcomes are more likely to be
published in English-language journals (Egger et al., 1997), which could lead to selection bias
in systematic reviews and meta-analyses. Therefore, although the findings agreed with other
systematic reviews on the topic, claims made regarding the effectiveness of physical exercise
programmes should be interpreted within these limits. Second, recall and/or performance bias
for the studies, including subjective outcome measurements (e.g., questionnaires or scales),
should be considered. Objectivity would increase when these measurements are
complemented with the architecture of sleep measures (e.g., polysomnography or actigraphy).

However, this is often a cost/accuracy trade-off.

Further, several limitations of the review process should also be reported. First, moderate
heterogeneity was found when pooling the studies within the sleep outcome, complicating a
meaningful summary. Therefore, the certainty was downgraded based on existing GRADE
guidance (Schiinemann et al., 2013), and findings were reported appropriately. Second, sub-
grouping pitfalls were considered (Burke et al., 2015). Therefore, sub-groups were mainly
analysed to allow transparency in addressing the research question and should be interpreted
cautiously. Third, sensitivity analyses were mainly performed narratively. This could solely

indicate the robustness of the synthesised results rather than provide definitive conclusions.
3.4.3 Implications for practice

Findings from this review indicate that physical exercise is an evidence-based strategy
within the holistic perspective to tackle stress and sleep complaints in adults, particularly in
women with breast cancer. This adds to the current consensus that the benefits of physical
exercise for people with long-term conditions outweigh the risks (Reid et al., 2021).
Additionally, the results point out that light-to-moderate physical exercise, whether aerobic or
mind-body, is beneficial to modulating stress and sleep. Given the noted wide variety in the
effectiveness of the results and the established evidence that any physical exercise modality
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and intensity could improve these outcomes, it seems adults could benefit from individually
tailored physical exercise interventions based on their preferences and needs.

3.4.4 Implications for research

The generalisability of the findings of this review would be enhanced by high-quality
studies including different health states, both sexes and older adults. Previous research
indicates that adults with current poor (mental) health states may benefit most from physical
exercise interventions. Therefore, future research could hypothesise that baseline (mental)
health states could moderate intervention effects. More specifically, understanding the value
of physical exercise for cancer-related fatigue would benefit from the design of physical
exercise interventions including males and differentiating between biological sexes. Also,
given that in ageing, the changes in the HPA axis and cortisol rhythm and many sleep
disturbances go hand in hand, quality studies on older adults would be a welcome addition to
the literature. Further, more quality RCTs with a clear description of the participant’s health
status and physical exercise methodology would provide bigger sample sizes and possibly
increase homogeneity in future reviews exploring which exercise modality is best for different

health states.
3.5 Conclusion

This systematic review and meta-analysis set out to investigate the effects of PA on
cortisol and sleep and provides insight into the bidirectional relationship between cortisol and
sleep. Small beneficial effects of physical exercise interventions to decrease cortisol levels
and improve adult sleep outcomes were identified. To establish a greater degree of accuracy
on this matter, more information about (1) different participant demographics, as most studies
included women with breast cancer and no older adults, (2) the effect of different intervention
types, because the analysis yielded too few studies to make meaningful interpretations, (3) the
bidirectional relationship between cortisol and sleep, as there is an established link between

these two, but no RCTs researching this were identified.
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Chapter 4: Intervention One, danceSing Care phase One: Feasibility of a digital music

and movement intervention in older adults in care homes.

This Chapter is based on the peer-reviewed feasibility study published as “A realist evaluation
of the feasibility of a randomised controlled trial of a digital music and movement
intervention for older people living in care homes.” in BMC Geriatrics Volume 23, 125
(Ofosu et al., 2023).

4.1 Background

After conducting two systematic reviews, we identified key gaps in the literature
regarding PA and its impact on healthy aging. These reviews laid the groundwork for our
subsequent intervention studies. At this point, danceSing Care, a company dedicated to
enhancing the well-being of care home residents through music and movement-based
activities, approached the University of Stirling. Their goal was to scientifically validate their
program in care homes. This presented a unique and timely opportunity to expand our

research into a practical, real-world setting.

The danceSing Care company (https://dancesingcare.uk) provides a programme to promote
physical, mental, and social well-being among older adults in care homes. Their activities are
designed to be inclusive, engaging, and tailored to the needs of individuals with varying
physical and cognitive abilities. The program includes structured music and movement
sessions that can be adapted for both group and individual settings, thus fostering a sense of

community and enhancing the quality of life for participants.

Recognising the alignment between the research objectives and the mission of danceSing
Care, we decided to form a partnership. This collaboration was mutually beneficial: it allowed
us to validate and refine the danceSing Care program through rigorous scientific methods
while danceSing Care provided the practical resources and care home environments needed to
conduct our interventions. Under the terms of our collaboration, the University of Stirling
committed two PhD students (LDN and EO) to the project. These students were responsible
for designing and implementing the research protocols, collecting and analysing data, and
ensuring the scientific rigor of the intervention studies. In return, danceSing Care facilitated
access to their network of care homes and provided the necessary resources, including digital
tools, to support the interventions.
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This partnership enabled us to conduct two key interventions:

- Intervention One: A feasibility study of a digital music and movement intervention in
older adults in care homes. This phase focused on assessing the program's feasibility and

gathering preliminary data on its impact on residents' well-being.

- Intervention Two: A pilot randomised controlled trial (RCT) to evaluate the efficacy of
the digital music and movement intervention. This phase aimed to provide more robust

evidence of the intervention's effectiveness and inform future large-scale RCTs.

The subsequent two Chapters are the peer-reviewed articles presenting 1) a feasibility study,
leading to 2) a pilot RCT conducted after the systematic reviews. The methodology employed
in this project is described in Appendix 4.1. It is important to highlight that this project was
conducted in collaboration with danceSing Care company (https://dancesingcare.uk/),
specialists in customised, on-demand digital music and movement sessions for older adults in

care homes.

With advancements in communication technology, the COVID-19 pandemic provided an
opportunity to explore the feasibility and effectiveness of a trial of a digital PA resource in
care homes. The feasibility study examined the potential of a digital PA resource in care
homes to improve the mental health of older adults, who are known to experience negative
mental health consequences from low PA. A realist evaluation approach was used to identify
the factors influencing the feasibility study implementation and to provide insights into how a
digital music and movement programme would work and under what circumstances it would

be most effective.
4.2 Introduction
4.2.1 Rationale for evaluation

The care home resident population is ageing in the UK (Office for National Statistics,
2014), following global trends (OECD, 2021), with residents often being diagnosed with more
than one long-term health condition (multimorbidity) (Gordon et al., 2014). Multimorbidity
increases the likelihood of hospital admission, length of stay and readmission, raising
healthcare costs, polypharmacy and mortality and reducing the quality of life (Marengoni et
al., 2011; Salive, 2013). While morbidity consistently predicts care dependence, physical
multimorbidity conveys a lower risk than multimorbidity with mental and cognitive disorders
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(Bao et al., 2019). This is a significant finding, as about 70% of all care home residents have
dementia or other cognitive impairments (Alzheimer’s Society, 2022). Further contributing to
these issues, the adverse consequences of reduced or low PA or the cessation of exercise,
which is common in a care setting, brings about its own negative mental health consequences,
such as higher levels of depression (Sackley et al., 2006) and loneliness (Rodriguez-Larrad et
al., 2021). Previous research has focused on developing PA interventions in care homes to
improve the health of care home residents. With advancements in communication technology,
particularly during the COVID-19 pandemic, the feasibility and effectiveness of digital PA

resources deserve more research attention.

PA interventions may be an excellent means of improving multidimensional health in older
adults (Lazarus & Harridge, 2018). This is evidenced by favourable effects on endocrine
profiles implicated in human ageing (De Nys et al., 2022; Sellami et al., 2019). Further, these
have shown improvements in physical health, such as gait speed, balance and performance in
activities of daily living (Chou et al., 2012), as well as in cognitive function (Bherer et al.,
2013) and mental well-being (Windle et al., 2010), such as anxiety (Ofosu et al., 2023) and
depression (Strawbridge et al., 2002). Therefore, considerable effort has been devoted to
increasing PA and prescribing exercise programmes to older adults, such as the care home
resident population (de Souto Barreto et al., 2016). PA interventions, including
multicomponent (chair-based) exercises or dancing, have been shown to improve cognitive
function and physical and mental well-being in this population (Arrieta et al., 2018; Brustio et
al., 2018; Cordes et al., 2021; Da Silva et al., 2022; Guzman-Garcia et al., 2013; Hwang &
Braun, 2015; Low et al., 2016).

Increasingly, innovative digital resources have been developed to positively influence PA in
care home residents. For the successful implementation of digital health interventions
designed for older adults, understanding the feasibility regarding organisational and systems
readiness and the acceptability of digital interventions are fundamental. Recent systematic
reviews showed that digital resources to promote PA in older adults were reported as feasible
and well-accepted (Diener et al., 2022; Valenzuela et al., 2018). The review by Diener et al.
(2022) suggests considering one's physical and cognitive abilities and providing options for
individual tailoring of these interventions. It further highlighted that conditions and resources
in care homes, such as equipment, physical space, and financial capacities regarding
technology, should be considered (Diener et al., 2022). Both reviews (Diener et al., 2022;
Valenzuela et al., 2018) emphasised that, although technology-based interventions to promote
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PA show promising future avenues, more quality studies reporting accurate exercise

adherence and effectiveness measures are warranted.

Further, when designing and testing interventions in the complex situations that care homes
reside in, it is important to address 'what works, for whom, under what circumstances, and
how' (Moore et al., 2015). Few studies consider the role of context, mechanisms and external
factors (moderators) affecting the effectiveness of a PA programme. In order to expand and
translate the roll-out of effective interventions, more information is often needed about how a
programme might be replicated in a specific context or whether trial outcomes are
reproducible (Moore et al., 2015). Therefore, a realist evaluation (Pawson &
Manzano-Santaella, 2012) was chosen for the present study to understand how a digital music
and movement intervention might generate different outcomes in different circumstances.
Exploring and identifying the how, why, for whom, to what extent, and in what context
interventions work could allow researchers and practitioners to understand how to adapt
interventions to a new context (Westhorp, 2014) and further inform decisions about scaling

up the programme to deliver to more care homes and influence public health initiatives.

To this end, following the realist evaluation framework, a context (C), Mechanism (M), and
outcome (O) configuration (Pawson & Manzano-Santaella, 2012) was identified to explain
the role of the complex situation of UK care homes in which PA programmes are to be rolled
out (see Table 4.1). The effects of a feasibility trial (danceSing Care programme) on
multidimensional health outcomes were discussed in light of this CMO configuration. Thus,
the two overarching aims of this project were: (1) to determine the feasibility of a future
mixed-methods RCT of digital music and movement resources in a care home, and (2) to use
a realist evaluation approach to evaluate the process, outcomes and influencing factors of the
trial implementation to inform how this programme would work and under what
circumstances this would be most effective. With insights into whether and how the outcomes
were affected, the initial programme theory will be refined for future implementation in a

randomised controlled design in other care home sites.

The programma theories and logic model underpinning the danceSing Care evaluation is

shown in Figure 4.1 and 4.2, respectively.
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Programme theories

Primary programme theories

(1) If the danceSing care resources are deliverad fo the care homes, the Activity Coordinators (ACs) would consistently deliver the
programme fo the residents

(2 If the programme is delivered in the care homes, the residents would want to regularly take part.

(3) If the ACs provide the programme consistently, the participants would experience improved psychosocial
health markers. Changes in pre-and post-survey data and qualitative interviews
would evidence this.

Secondary programme theories

{1} If the ACs were given enough organisational support (e.g., resources and time), they would be engaged in this programme. This
would establish shared leaming and co-production between programme developers, care homes, and researchers.

{2) If the group sessions were adequately and consistently used, residents would feel more engaged in group aclivities, creating a
ommunity. This communal feeling would increase self-confidence and quality of life and reduce loneliness. This could potentially
inspire future usage of the programme's resources.

p.

-
Assumptions

Care homes would:
- be ahle to cast laptops to large screen
- all have a dedicated acfivity coordinator
Activity coordinators would:
- be consistent and continuous in login and delivering the intervention
- see the programme as a core priority
- be able to engage all participants in a group setting
- be engaged and able to schedule the aclivities consistently and regularly
- have adequate cover for days offfleave
- need training on the use of the intervention only
- return attendance sheets regularly
- be easy to get in contact to make appointments with
Residents would
- be engaged in the programme from the start

Figure 4.2 Programme theories of the danceSing care evaluation.
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Figure 4.1 Logic model underpinning the danceSing care evaluation.

4.2.2 Programme theory
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da activities mechanisms
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What we do What we expect Quantitative

Feasibility: adherence

Surveys about
multidimensional
psychosocial fators.

Qualitative

Feasibility: safety. adverse
effacts.

Interviews with residents
about accepiability,
engagement, .

Focus groups with involved
ACs and stafl about delivery
and feasibility.

. /

Programme theories are configured as “context-mechanism-outcome” (CMO)

hypotheses in a realist evaluation. This explains how and why different outcomes are

generated in different contexts. Linked sets of hypotheses are likely to be produced because

different mechanisms will be activated in various contexts, resulting in various outcomes.

Generally, hypotheses are developed by asking four questions: (1) For whom will this basic

programme theory work and not work, and why? (2) In what contexts will this programme

theory work and not work, and why? (3) What are the main mechanisms we expect this

programme theory to work? (4) If this programme theory works, what outcomes will we see?

The basic programme theory was in line to test the feasibility of an RCT implementing the

danceSing Care programme in specific UK care homes and measuring psychosocial health

markers. This is reflected by the stated realist assumptions (Table 4.1).

This programme theory could be further subdivided into the following theories:

(1) If the danceSing Care resources are delivered to the care homes, the Activity

Coordinators (ACs) would consistently deliver the programme to the residents.
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(2) If the programme is delivered in the care homes, the residents would want to
participate regularly.

(3) If the ACs provide the programme consistently, the participants would experience
improved psychosocial health markers. Changes in pre-and post-survey data and
qualitative interviews would evidence this.

(4) If the ACs are given enough organisational support, such as resources and time, they
would be engaged in this programme. This would, therefore, establish shared learning
and co-production between programme developers, care homes, and researchers.

(5) If the group sessions are adequately and consistently used, residents would feel more
engaged in group activities, creating a community. This communal feeling would
increase self-confidence and quality of life and reduce loneliness. This could

potentially inspire future usage of the programme's resources.

Further, researchers, stakeholders from the to-be-tested programme, and representatives from
the UK care homes where the programme would be implemented developed the focused
questions. They considered the set of conditions that existed (Context), how these contexts
might create change (Mechanism), and what changes would result from the mechanisms
(Outcomes). The study’s hypotheses were developed based on the assumptions and the
focused questions. Therefore, it was necessary to collect information about context,
mechanism and outcome and identify features of implementation or organisation that affect
whether or not the trial works (Wong et al., 2016). The different CMOs are listed in Table 4.1.
Each row in this table represents the outcome of a particular mechanism in a particular
context. This was followed by retroduction, a form of logical inference using abductive
reasoning to identify the most likely explanations for an observed data set. This retroduction
was done by interpreting and analysing the data and applying the configured CMO. Finally, as
outlined in the discussion section, these interpretations served to refine the initial programme

theory for future implementation.
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Table 4.1 Context-Mechanism-Outcome (CMO) hypothesis.

Context-Mechanism-Outcome (CMO) hypothesis

Realist assumption

1.

Collect
information about
context,
mechanism and
outcome to
evaluate the
programme.

The programme
intends to cause a
change.

Focused question Realist
programme theory

1. What information -
will be needed and 1. ldentifies

could be collected intended
about contexts? outcomes
Mechanisms? 2. ldentifies the
Outcomes? data necessary

2. What change to test the
(outcome) does the programme
trial intend to create theory.

Quantitative:
Feasibility, adherence,
surveys about
psychosocial health
markers

Qualitative: Interviews
and focus groups about
acceptability,
engagement, delivery
and feasibility

Contexts (set of
conditions that exist)

Situational

High burden of the
COVID-19 pandemic
on the care home
system in Scotland

Little time and
resources for the staff
(already happening
before COVID-19)

Programme

1. Implementation of

the danceSing Care
programme

2. Flexibility from

research staff and
stakeholders from
the danceSing Care
team

Mechanisms (how might
these contexts create
change)

Little time and resources
for the staff,
understaffing, absence or
isolation of staff and
participants through
restrictions

Supporting care home
staff, boosting feelings of
connection and
engagement through
group training, meetings
and welcoming
participants in the
‘danceSing Care family’

Outcomes (what
changes result
from the
mechanisms)

Complicate
readiness for
programme
delivery and
engagement

1. Improve

psychosocial
health markers
of residents

2. Improve

programme
delivery and
engagement
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4.2.3 Specific research objectives

In line with the overarching aims of this study outlined above, specific research
objectives were to evaluate the following topics : (1) Feasibility: was the activity implemented
and/or delivered as planned? Were adherence rates at an acceptable level? Were the outcomes
adequate and realistic for this programme and setting? (2) Context: What were the potential
barriers for care homes or ACs to provide these resources? Were the programme’s resources
suitable for this setting? (3) Mechanism: what underlying mechanisms made the danceSing
Care programme work (or not)? Was it the situational context or the programme context? (4)

Outcome: What changes resulted from the mechanisms?
4.3 Methods
4.3.1 Design

This study combined two evaluation approaches: a mixed methods feasibility
approach and a realist one. Initially, a mixed-methods research approach to a 12-week
feasibility trial in care homes with a pre-and post-intervention collection of quantitative and
qualitative data about feasibility (adherence, safety, adverse events) and participants'
multidimensional health. This was to determine (1) an appropriate way to deliver the
programme in this setting and (2) the appropriate secondary outcome measures for a future
RCT. This was preceded by the implementation of an expert advisory group (AG). The AG
consisted of danceSing Care staff, the research team, representatives from care homes and
older adult members of the 'Stirling 1000 Elders' (https://1000elders.stir.ac.uk/, a group of
adults aged 60+ who have signed up to participate and engage in research on older adults at
the University of Stirling). The outcomes were reported following appropriate CONSORT
guidance for feasibility trials (Eldridge et al., 2016). The study was approved by the
University of Stirling NHS, Invasive and Clinical Research ethics panel, project NICR 3735,
and retrospectively registered at ClinicalTrials.gov, NCT05559203, on 29/09/2022.

Second, the evaluation questions and scope evolved beyond initial questions regarding
feasibility throughout the evaluation because the capability of delivering the programme and
engaging the residents by the ACs was lower than expected. To uncover the underlying
factors that explained the implemented situation (such as relevant context (C), mechanisms
(M), and outcomes (O)), we additionally used the realist evaluation methodology based on
RAMESES Il reporting standards (Wong et al., 2016). Given the difficulties with delivery,
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any attempts to establish linear, causal relationships between inputs and outcomes (e.g., by
comparing 'pre' and 'post’ data) would have been largely meaningless. Thus, using realist
evaluation, the CMO configuration was identified to interpret the outcomes according to what
happened. Pre- to post-intervention changes in secondary outcome measures were calculated
to indicate effect sizes, implement the measures, and test their acceptability before integrating
them into a larger RCT.

4.3.2 Environment surrounding the evaluation

The environment for the evaluation was across ten care homes in Scotland, United
Kingdom. All care home ACs were provided with the danceSing Care digital resources login
details to access weekly pre-recorded movement and music sessions. It was confirmed that all
care homes had sufficient technological support to participate in this programme. Before the
intervention, an in-person training session was organised for care home staff (ACs and
operation managers). This training covered general instructions on rolling out the programme
and addressing any staff concerns about the study, including any IT issues. In addition, a
concise information pack was distributed to ACs, including the programme'’s and researchers'
contact details for any questions or problem-solving. All study information was co-designed
with the advisory group, which met four times to determine the amount and timing of

programme delivery and priorities for and suitability of outcome measures.
4.3.3 Participant recruitment process and sampling strategy

Participants were recruited across ten care homes in the Balhousie Care group
(https://balhousiecare.co.uk/) between December 2021 and January 2022. Inclusion criteria
were (1) residents in care homes > 60 years, (2) able to complete 12 weeks of a movement
and music program, and (3) having the capacity to give informed consent. Participants were
not eligible if they (1) were currently taking part in any other clinical trial which could
potentially have an impact upon or influence the findings of the current study, (2) had pre-
existing conditions or concurrent diagnoses which would profoundly impact their capacity to
undergo the intervention, even once adaptations have been made (3) inability to understand
written/spoken English adequately to participate in the measures and intervention (e.g., due to
cognitive or sensory impairment). Care staff were asked to gauge the interest of residents in
the programme and were provided with recruitment flyers. Care staff informally screened

interested participants for eligibility with a simplified version of the information sheet.
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Following this, the research team contacted the respective care homes, provided full
participant information sheets, and obtained informed written online consent. Where this was
not feasible online, care staff ensured the residents consented to the study on paper copies of
the consent form provided at the start of the survey pack. In addition, in-person visits to the

care homes were planned if COVID-19 restrictions allowed.
4.3.4 Programme

The programme was a digital movement and music programme with resources from
danceSing Care (https://dancesingcare.uk/). It consisted of three movement sessions and one
music session each week, the recommended dose agreed upon between danceSing Care and
the AG, each lasting about 20 minutes. Also, the danceSing Care resources were designed to
suit older adults with physical and cognitive impairments (residents with mobility aids and/or
dementia). Movement sessions included chair and standing fitness, which started with a
warm-up and finished with stretching exercises (see Appendix 4.4 for intervention

description). Sessions were managed and supervised by care home ACs.
4.3.5 Measures
Feasibility: adherence and safety

Care home staff were asked to provide the danceSing Care PA resources three times
per week plus one music session. Participants' adherence was assessed by asking homes to
record how many sessions they offered each week and the participant's attendance at each of
these using a provided register sheet (Appendix 4.5). This was then calculated as adherence
for participants by computing the percentage attended out of the number of sessions offered
by the care home. Care home adherence was calculated as the percentage of offered sessions
from the recommended 3+1 x 12 weeks. Adherence data were requested weekly via a
reminder email with a specific register provided to each care home. This was to indicate
attendance at the sessions provided per participant and any additional attendance from non-
participants. Researchers logged reasons for withdrawal weekly. Adherence data was
followed up with phone calls to each home from the research team to help assess any
difficulties in delivering the programme. Researchers kept a reflective log of any additional

information gathered in this way.
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As part of the care home staff workshop before the intervention, ACs were advised to ensure
residents engaged in the danceSing Care programme according to their capabilities. Adverse
events related and unrelated to the intervention were reported weekly by ACs via email or

telephone in addition to the adherence reports.
Socio-demographics and multidimensional health

The pre-and post-intervention survey recorded basic demographics such as age, sex,
relationship status, ethnic group and level of education. Postcodes were not included to
compare against the Scottish Index of Multiple Deprivation because participants were

residents of care homes.

After discussion with the AG, a list of priority and appropriate outcomes for limited efficacy
testing in this feasibility study was devised. The key areas included the number of falls in the
past three months, activities of daily living and health, psychosocial well-being (anxiety,
depression, stress and loneliness), sleep satisfaction and frailty measures such as physical
function, appetite and weight loss. These multidimensional health markers were assessed
using standardised questionnaires validated in older adults with mild cognitive impairment.
The internal consistency of the measures is reported as Cronbach’s alpha with values > 0.70,

indicating good levels of reliability.

Fear of falling was measured using the Falls Efficacy Scale — International (short form) (FES-
1) (Kempen et al., 2008). It is a seven-item scale that measured participants' concerns about
falling during social and physical activities on a Likert scale ranging from one (not at all
concerned) to four (very much concerned). It has been validated in older adults with a
Cronbach's alpha of 0.92. Total scores ranged from seven to 28, with higher scores indicating
severe concern (Kempen et al., 2008).

Two measures were used for daily living and health-related quality of life. The Dartmouth
Cooperative (COOP) Functional Assessment charts measured participants' physical fitness
domains, feelings, daily and social activities, changes in health, using pictures (Nelson et al.,
1987). The European Quality of Life 5 Dimensions 3 Level Version (EQ-5D-3L) (EuroQol
Group, 1990a) evaluated five dimensions of health (mobility, self-care, usual activities,
pain/discomfort and anxiety/depression) with responses ranging from no problems to
considerable problems on a 3-point scale, and finally a rating of general health from 0 to 100.
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Measures of anxiety, depression, stress and loneliness were used to assess psychosocial well-
being. Anxiety and depression were measured using the Hospital Anxiety and Depression
Scale (HADS) (Zigmond & Snaith, 1983), a 14-item questionnaire scored on a four-point
scale that measures anxiety and depression on two subscales. Each HADS subscale has seven
items with a maximum score of 21, with scores ranging from zero to seven considered
normal, eight to 10 as borderline and 11 or more as a significant case of anxiety or depression
(Zigmond & Snaith, 1983). The Perceived Stress Scale (PSS) (Cohen et al., 1983) measures
how participants perceive life situations as stressful. It has ten items with responses ranging
from zero (never) to four (very often) and total scores of 0 to 13, 14 to 26 and 27 to 40,
depicting low, moderate and high perceived stress, respectively (Cohen et al., 1983). Also, the
brief UCLA loneliness scale (ULS-6) (Neto, 2014) was used to assess subjective feelings of
loneliness on a four-point scale (1-never to 4-often) with six items; the greater the ULS-6
score, the more significant the loneliness. Each measure has reported Cronbach’s alpha for

reliability of > 0.7 (37-39) (Cohen et al., 1983; Djukanovic et al., 2017; Neto, 2014).

Sleep satisfaction was measured using the National Sleep Foundation's Sleep Satisfaction
Tool (SST) (Ohayon et al., 2019). It is a nine-item scale with a Cronbach's alpha of 0.87 and a
high score suggesting greater sleep satisfaction (Ohayon et al., 2019). In addition to the SST,
an unstandardised item measured how often participants experienced disturbed sleep due to
noise outside the room. Participants chose responses from options: "not during the past

month", "less than a week", "once or twice a week", and "three or more times a week".

Appetite was assessed using the Simplified Nutritional Appetite Questionnaire (SNAQ)
(Wilson et al., 2005), which has a maximum score of 20, where a score less than 14 specifies

poor appetite and a Cronbach’s alpha coefficient of 0.7.

Participants' weight loss was measured on the weight loss item from the Fried Frailty Scale
(Fried et al., 2001). Regarding frailty measures, it was set out to assess physical function
through the Short Performance Battery (Treacy & Hassett, 2018), complemented with
handgrip strength and Timed Up & Go test (Podsiadlo & Richardson, 1991) to indicate frailty.
However, due to the COVID-19 restrictions, visiting care homes and undertaking these

assessments was impossible.
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4.3.6 Procedure

Surveys were completed at baseline and then again in the four weeks following the
completion of the intervention. These were either completed online by residents with the help
of the researchers via an online Microsoft Teams meeting or were administered in person by
the care home staff using paper versions. All completed surveys were uploaded onto JISC

online survey software (https://www.jisc.ac.uk/online-surveys).

Two focus groups were conducted online in the four weeks following the completion of the
intervention, lasting on average of 55 minutes each. Collectively, five ACs participated in
both focus groups carried out on Microsoft Teams and were recorded following informed
consent from the care home staff and research team. Four residents from two care homes
consented to be interviewed in person. Due to the changes in cognitive impairment of some
residents, recruitment for interviews was streamlined to specific care homes and limited to
residents with no or mild cognitive impairment. Data from interviews were audio-recorded on
a password-secured voice recorder and transcribed verbatim. Semi-structured interviews
lasted approximately 12 minutes each. The semi-structured interview and focus group
questions covered general participation, adherence, programme outcome and programme
delivery. These questions were devised by the research team and trialled and altered with the

advisory group (Appendix 4.6 for the interview and focus group guide).
CMO configuration

The CMO factors were generated via monitoring the care home environment. Weekly phone
calls and emails provided qualitative and quantitative data about the ongoing trial adherence
and the situation in the care homes. The interviews and focus groups conducted post-

intervention were adapted according to realist evaluation strategies (Manzano, 2016).
4.3.7 Data analysis

Quantitative data, such as primary outcomes of adherence rate or the secondary survey
outcomes, were analysed using the IBM SPSS Statistics version 26.0. The means, mean
differences and 95% confidence intervals (CI) were reported for continuous data, and a count
(number, %) was reported for nominal data. Pre- to post-intervention scores for secondary
outcomes were compared using the paired sample t-test. Cohen's d was calculated as a
measure of effect size and was interpreted as small (d = 0.2), medium (d = 0.5), and large (d =
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0.8) (Lachenbruch & Cohen, 1989). All testing was two-sided with a significance threshold of
<0.05. Qualitative data from interview and focus group transcripts were analysed using
NVivo (released in March 2020).

The research team then integrated and evaluated the outcomes of the feasibility trial according
to the identified CMO configuration. Recurring resources or contexts in which the programme
took place that the residents or ACs described as helpful or influential (or not) were
considered as a Context (C) or Mechanism (M). These descriptors generated the overarching
themes of the CMO configuration. The researchers then used these interactions as contextual
narratives to identify why residents responded as they did. Accordingly, the research team, the
AG, and the stakeholders discussed interpretations of actions or events. These interpretations
were then tested by seeking data to either support or contradict the statements (either via data
on current events or from the interviews and focus groups). Finally, these interpretations were
considered when refining the programme theory for future implementation. The discussion
section elaborates further on these refinements. Figure 4.3 shows the process of realist

evaluation.
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Figure 4.1 Process of the realist evaluation.
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4.4 Results

The following section consists of five sub-sections, including details of participants,
the feasibility of the intervention, delivery challenges, intervention effects and refinement of
the programme theory for future implementation. The qualitative and quantitative analysis

findings are presented together in each section where data from both were available.
4.4.1 Participants

Of the 49 participants approached for recruitment, 47 were enrolled in the study and
completed baseline measures, and 33 residents took part in the intervention; a CONSORT

diagram of the progress through the study is shown in Figure 4.4.
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[ Enrolment

[ Allocation

Assessed for eligibility (n=49)

Excluded (n=2)

+ Not meeting inclusion criteria (n=2)
+ Declined to participate (n=0)

+ Otherreasons (n=0)

A 4

A 4

Allocated to intervention (n= 47)
+ Received allocated intervention (n= 33)
+ Did not receive allocated intervention (give

reasons) (n= 14, intervention was not
provided at their care home )

[ Follow-Up

Lost to follow-up (give reasons) (n=0)
Discontinued intervention (give reasons) (n=5)
n=1: withdrawal

n=1: relocation

n= 3: deceased

[ Assessment

Analysed (n=18)

Excluded from analysis (n= 10: did not provide
post-survey scores due to progression of
dementia)

Figure 4.4 CONSORT diagram modified for non-randomised feasibility trials.
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Most participants were females (84.8%) of White British ethnicity, with 84.9% aged 75 years

and over. Most participants were selected from care home units for older adults with

dementia. The four residents interviewed were between the ages of 75 and 90, and three were

females. Baseline participant characteristics are detailed in Table 4.2.

Table 4.2 Participant characteristics.

Characteristic Description N(%)
N =33 N =18
Age group 60-74 years 5(15.15) 2 (11.11)
75-84 years 13 (39.39) 8 (44.44)
85 or over 15 (45.45) 8 (44.44)
Sex Female 28 (84.8) 15 (83.8)
Ethnic origin ~ White - British, Irish, other White 32 (96.97) 17 (94.44)
Prefer not to say 1 (3.03) 1 (5.56)
Relationship Single, divorced, widowed 27 (81.82) 16 (88.89)
status In a relationship/married but living apart 2 (6.06) 1 (5.56)
In a relationship/married and cohabiting 2 (6.06) 1 (5.56)
Prefer not to say 2 (6.06) 0 (0)
Highest level ~ No qualifications 11 (33.33) 8 (44.44)
of education Did not complete National 5s/Standard 3(9.09) 1 (5.56)
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Completed National 5s/Standard 6 (18.18) 4 (22.22)
Grades/GCSE/CSE/O-levels or equivalent
(at school till aged 16)

Highers/Advanced Highers/AS-levels/A- 6 (18.18) 2 (11.11)
levels or equivalent (at school till aged 18)

Undergraduate degree or professional 1 (3.03) 1 (5.56)
qualification
Prefer not to say 6 (18.18) 2 (11.11)

4.4.2 Feasibility of the intervention

Regarding feasibility, 47 participants from 10 care homes fulfilled the inclusion
criteria, consented, and completed the pre-intervention surveys. Seven of these care homes
provided the intervention programme, enrolling 33 residents. Five dropouts were noted: one
due to withdrawal, one relocation and three residents who passed away during the
intervention. Care homes delivered 57% of the sessions (193 of 336) over the 12-week
intervention period, with an average resident adherence of 60%. Quantitative adherence
statistics are shown in Table 4.3. Finally, 18 (54.55%) residents had sufficient cognitive
ability at the follow-up to provide meaningful post-survey scores as informally assessed by
the researchers with assistance from care home staff. When it became clear that participants
had declined in their cognitive ability at follow-up beyond the ability to take part, the
researchers immediately terminated the post-survey as it was not deemed ethical or

meaningful to continue.
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Table 4.3 Adherence data

Number Sessions Offered

Care Home Wk1 Wk2 Wk3 Wk4 Wk5 Wk6 Wk7 Wk8 Wk9 Wk10 Wk1l1 Wk12 Total

CH1 4
CH2 4
CH3 4
CH4 1
CHS8 2
CH9 4
CH10 4

23

23

19

11

10

14

12

16

4

15

13

18

19

40

8

28

36

7

30

44

193

%
Sessions
Offered

83.33%

16.67%

58.33%

75.00%

14.58%

62.50%

91.67%

57.44%

Average
sessions
per week
(median:
3)

Note: CH-Care home. Seven of the ten care homes identified to start the programme started and completed the 12-week programme.
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The interviews and focus group data derived five central themes with sub-themes on
feasibility. For data integration and analysis, themes on feasibility were linked to the CMO
configurations, which revealed sub-themes such as adherence, delivery challenges,

modifications and intervention effects, as summarised in Table 4.4.
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Table 4.4: Data integration and analysis

Feasibility Context Mechanism Outcome
Specific research objectives Was the activity What were the What underlying What changes
implemented potential barriers ~ mechanisms made  resulted from this?
and/or delivered as  to providing the the programme
planned? Were resources for care  work (or not)? Was
adherence ratesat  homes or ACs? it the situational
an acceptable Were the context or the
level? Were the programme’s programme
outcomes adequate  resources suitable  context?
and realistic for for this setting?

this programme
and setting?

- Delivery - Motivationand - Qualitative and
Themes derived from the data integration and analysis -  Adherence challenges engagement quantitative
- Facilitation - Social support data about
resources - Job satisfaction psychosocial
- Cognitive health markers
impairment of participants
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4.4.3 Adherence

Participation and class size were sub-themes from the central theme of adherence.
Care home staff described residents' participation in sessions as 'not as expected' due to
several delivery challenges. For example, one care home staff member who struggled to get

residents to adhere to the recommended dose of the intervention mentioned:

"We (care home) did really struggle, especially at the start, and once the COVID
cleared, it got a little bit better for a couple of weeks, and then it slipped back into
them not really engaging in it."

However, overall, the intervention was accepted by residents, which was seen in their
participation and records of adherence. The digital intervention was an activity that the
residents looked forward to. They referred to it as meaningful and purposeful. Some care

home staff made comments like:

"Most of our residents participated in all of the sessions. There were a couple of
residents that missed a few; they just did not feel like it that day, or they were out with

their families and things like that, but all in all, it was a good turnout.”
and:

"They (residents) started to look forward to it. You know, they remembered it. It was

really great. It was excellent."

Also, regarding participation, the number of sessions offered to residents varied across care
homes. Some care homes offered more sessions than the recommended dose, whereas others
offered fewer. In the focus group discussions, care home staff stated in response to their being

able to engage residents in three movement and one music session a week:

"I (AC) think we (care home) have done really well. The attendance was quite good.
Actually, more residents participated, and we weren't doing this like three times a

week, but probably four or five. | think it went great."”
but also:

"...I (AC) did probably, I have run it once per week, or maybe twice per week,

sometimes in different parts of the care home."
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Class size differed in the various care homes, with some care homes recording an increase in
the number of residents participating in the intervention and others seeing a decrease, again
due to the challenges of delivering an intervention specifically in a care home setting. Care
home staff explained that residents were lost to death, dementia and COVID-19 in comments

such as:

"Two residents passed away, but we got a new resident, and then it was right up her

street like music, dancing and exercise."

and:
"Decrease for me (AC), but again it was like | said, the three residents in particular
that their level of dementia got worse, they became unwell and just could not continue
with the programme™

and:

"I (AC) think I had the decrease just because we had COVID in the last month, just at
the end of the 12 weeks. So that is why | could not really do any dancing and singing
with people.”

4.4.4 Delivery challenges with the intervention

As mentioned above, difficulties with engagement and delivery were noted early on,
and the CMO evaluation was applied. Difficulties noted in the researchers' logs implied a
complex underlying situation in care homes vastly affected by, e.g., the COVID-19 pandemic,
wider policy environment and understaffing (Context). This could affect motivation and
engagement to deliver the programme or attend a session (Mechanism), affecting adherence
rates and possibly implicating the psychosocial outcome measures. More details of these
emerged in the qualitative adherence data below. However, Appendix 4.7 summarises the

challenges that came with the delivery of the intervention.
Motivation and engagement

One integral part of the feasibility outcomes was delivery challenges which influenced
adherence and informed the future modifications for the intervention discussed by the care

home staff. The main challenge reported by care home staff was that participants were less
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motivated to engage in the programme, primarily at the initial stages. Also, participants
initially keen to engage in the programme were demotivated when others withdrew or refused
to participate. Participants also voiced that they were not enthused to participate all the time.
In addition, residents' unavailability due to external visits to the care homes was a challenge.

ACs and participants expressed these challenges by saying:

"The main difficulty was motivation, but that is really just at the start because once the
residents are down and we begin, they are so happy, keen really focused on the

exercise and things. So it was a small starting issue, but it did not last very long."

and:
"Some weeks you are in the mood and other weeks you are not. You get in a mood.
You know I (resident) am 76 now and some days you just cannot be bothered.”
and:
"There were a couple of residents that missed a few; they just didn't feel like it that
day, or they were out with their families."
and:

"There was one resident who enjoys exercises every day, she was always keen and
motivated, but when it just came down to her participating alone, that was when she
stopped. Nobody else was wanting to do it along with her, so she felt that she was on

her own. She got less motivated to do it."
Health Conditions

Further, cognitive impairment and disabilities of the older adults were potential
barriers for ACs to provide the resources. One of the concerns raised by care home staff was
the challenge of working with older adults with significant cognitive impairment and
disabilities. Residents with dementia sometimes looked confused during sessions. Other
residents with physical disabilities, such as mobility and hearing problems, did not participate

fully in singing or movement sessions. ACs said:

"There were three residents in particular that their level of dementia got worse, they

became unwell and just could not continue with the programme”
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and:

"Most residents have got difficulties with mobility, so some of the exercises were not

very suitable.”
and:

"Like I (AC) said, the singing sessions did not go down well with people. They
(residents) really didn't participate fully, for example, one resident has hearing

problems and could not sing along.
Death and hospitalisation

ACs explained that some participants were lost to death or admitted to the hospital and

were unable to continue participation:

"There was one resident who went to hospital and was admitted to hospital. She was

not able to participate anymore after that."
and:

"We (care home) had two residents who passed away. Also, one was in the hospital for

a few weeks as well."

Moreover, the closure of care homes due to the COVID-19 outbreak disrupted participation in
the programme as residents and care home staff were isolated for weeks. For example, an AC

said:

"Our home was closed for about four weeks with COVID, so we had residents at all
times isolate in their bedrooms. As we were all in bubbles, we did try one-to-one
sessions, but obviously we would have to be in PPE and if they had COVID, they were
not feeling up to. It was about four- or five-weeks chunk that we were not able really
to participate much at all in the programme™.

Resources for delivery

ACs highlighted a lack of resources for delivery, including staff shortage and absence,
technical problems and limited space for running sessions. As part of the discussions, it was

recorded that there was a high staff turnover across care homes. ACs had no replacement care

133



home staff to take up their duties when they were on holiday or isolated due to COVID-19
during the 12 weeks of the intervention. Also, ACs did not get any support from other care
home staff. This was due to either the heavy workload on care home staff or a shortage of care
home staff on duty. It was also reported by some care homes that poor internet connection and
faulty display screens affected getting access to and viewing the digital intervention. Again,
ACs expressed their struggles to set up lounges for sessions as the space is also shared with
other residents not included in the study. In line with the sub-theme, 'facilitation resources'

ACs put this across by saying:

"The internet over here (care home) is not great because we live in the countryside.
Our signal is poor, so we have problems with buffering, loading and refreshing the

page".
and:

"We (care home) did have a technical hitch for about three weeks because we could
not get the programme displayed on the TV's. Once the hitch was over, it was easy

enough for the programme to go on our screens”
and:

"...but it could have to do with our (care home) setting because they (residents) were
in a lounge with other residents that were not participating. It was purely the fact we
were short staffed, and the carers were not always there to transfer them into another

room to do it."
and:

"We (care home) found it difficult at times and just purely from separating the
participants into another room due to staff shortages. We did come up with trouble of

staffing."
Progressive and future modifications

During the 12-week intervention, some changes were made by ACs to help residents
adapt well to the intervention. Progressive modifications that care home staff found helpful in

facilitating the programme included making participation a part of the care home schedule
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with an allocated time slot, playing music at the start of sessions, and briefing and

encouraging residents before the start of sessions. These were expressed as:

and:

and:

and:

"Well, I (AC) adopted an early pattern, about the 11:30 mark in the morning once
everybody was up. They would have had their morning snack, the coffee and that time
before lunchtime was always a good time. Before lunchtime is when | (AC) like to get
the group together for activities. Whether crafts, music or live entertainment, it was a
good period to get people together™.

"We (care home) would always put the music on first, to lift their moods and try to get

them to engage more in the exercises.”

"We (care home) definitely found telling them in advance helped, so that they knew it
(the intervention) was going to be happening the next day. Also, like | (AC) said, we
did the music part first before the exercises to try and lift their mood and hope that

more residents would take part.”

"I (AC) spend lots of time trying to encourage people. | had to go and speak to them
(residents)."

Additionally, focus group discussions pointed to other alterations and actions that could be

made to enhance the feasibility and future implementation of the intervention in care homes,

leading to future modifications. It was suggested that the number of sessions be reduced from

four to two or three sessions a week to recruit residents with low or no cognitive impairment

and to play background music during movement sessions. Comments on future modifications

included:
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little bit too much and you have to do other activities as well, not just sing and dance
all the time. 1 will probably be doing it again once or twice per week. I think it is more

than enough."



and:

"I (AC) have noticed the music work. It is always better when they can hear songs they
are familiar with. | think it would be better if there was louder music at the back in the

background."
and:

"I (AC) definitely we would maybe choose a different group of people now because we
have had different residents come in that | feel would probably be more suitable for it
now than the initial ones we started with but certainly we would do it (intervention)

again”.
4.4.5 Intervention effects — Focus groups

From the qualitative data, perceived intervention effects were reported by both
residents and care home staff. Sub-themes were improved mood and physical health, care

staff job satisfaction and social support
Mood and physical health

It was mainly stated that the intervention improved the mood of residents. In some cases, an

increase in residents' physical capabilities was seen:

"...and then as soon as the session starts their mood just goes up and up, and by the
end of it (intervention session), they (residents) are so happy. We have got one lady
who quite often would stand up and shake her hips and she was very motivated and

excited. So, it was really great."
and:

"It (intervention) definitely improves moods. The difference between the start of the

session and the end of the session with their moods was quite a big change.”
and:

"Probably for one resident, I (AC) would say as the sessions went on, she done a little
not much, but a little bit more each one so | do not know if that's been physical for her

meaning it has made her physically a bit stronger."
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Job satisfaction

Care home staff also acknowledged that facilitating the programme gave recognition
to them in the care home, gave them a sense of fulfilment and added to their knowledge of

PA. Some excerpts affirming the importance of the intervention to care home staff were:

"I think it made us feel good to see them happy and made you think that that you have
done a good job. So it is just a feel good thing and makes you go home at night and

think I have had a good day."
and:

"l have gained loads through this experience, so | have learnt new movements which
are safe and easy to follow. It was great to do some stretches in the morning as well

for everyone and sometimes other staff would join and enjoy it too."
and:

"It has been very beneficial for me. | was able to get to know people (residents) better
as well and they (residents) recognise me now. They do recognise me and sometimes
they would just follow me. Some residents would just follow me because they know

there will be something fun happening.”
and:

"They look at us (ACs) different from the carers because we have the time to spend
with them and have fun with them.”

Social support

Residents were happy to work with ACs, built friendships and loved participating in
groups. Also, care home staff pointed out that engaging in the programme helped to establish
positive resident-resident and resident-staff relationships. Some comments on social support

included:

"I (AC) think just like the social kind of bonding, it has brought us (staff and residents)
all a bit closer I think."

and:

137



"They (residents) get really engaged and | think we (care home) have really enjoyed
the social part of it as well. Just being with friends and doing something meaningful

was great”
and:

"When there is a song playing, the carers around also join in and sing a couple of
songs with residents and encourage them (residents) to do a couple of movements."

4.4.6 Intervention effects — Survey

Pre- and post-intervention data from the surveys provided insights into the
multidimensional health outcomes of the participants. Significant changes were noted for
anxiety and depression (HADS), loneliness (brief UCLA loneliness scale), perceived stress
(PSS), and sleep quality (STT). However, given the feasibility nature of this study and the
small sample size, more importance should be given to the mean differences and 95% CI and
effect sizes (Cohen's d) presented in Table 4.5 to show that the intervention yielded positive

effects across many measures
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Table 4.5 Effect of the intervention on well-being outcomes

Variables Baseline mean Post-intervention mean Mean diff 95% CI p-value Effect size
(Cohen’s d)

Falls Efficacy Scale (FES)  8.17 8.72 -.556 [-4.199, 3.088] 752 -.076

Dartmouth COOP 16.33 15.17 1.167 [-.664, 2.998] 197 317

funnctional health

assessment charts

Hospital Anxiety and 6.22 4.11 2.111 [.373, 3.850] .020* .604

Depression Scale- Anxiety

Hospital Anxiety and 6.17 3.17 3.000 [1.303, 4.697] .002* 879

Depression Scale-

depression

EuroQol 5-Dimension 3- 8.00 7.72 278 [-.714, 1.270] .562 139

level (EQ-5D-3L)

Brief University of 10.61 8.94 1.667 [.067, 3.267] .042* 518

California, Los Angeles
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Loneliness Scale (Brief

UCLA loneliness scale)

Perceived Stress Scale 14.72
(PSS)

National Sleep Foundation ~ 27.06
Sleep Satisfaction Tool
(STT)

Short Nutritional 16.39
Assessment Questionnaire
4-I1tem (SNAQ4)

10.56

33.72

16.22

4.167

-6.667

167

[.318, 8.016]

[-9.174, -4.159]

[-1.078, 1.411]

.036*

<.001*

781

.538

-1.322

.067
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4.4.7 Refinement of the programme theory for future implementation

The primary programme theories underpinning the danceSing Care programme were
described in the Introduction. The outcomes of this study were interpreted according to the
CMO configuration as outlined in the process of the realist evaluation (Figure 4.1). This
revealed practical implications for future intervention in this particular care home setting
(Table 4.6). The four main refinements towards a future intervention were: (1) implementing
two or three sessions/week, (2) encouraging participation in the care homes, (3) adding
questionnaires of multidimensional health markers complemented with objective measures in
a possible future RCT, (4) considering dementia in the care home population. Consequently,
refinements to the initial programme theories are offered to aid the future implementation of

this digital music and movement resource in wider care home settings.
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Table 4.6 Refinement of the programme theory for future implementation

Primary and secondary programme theories

Refinement of the programme theories for future implementation

(1) If the danceSing Care resources are delivered to the care homes,

the ACs would consistently deliver the programme to the residents.

(2) If the programme is delivered in the care homes, the residents

would want to participate regularly.

(3) If the ACs provide the programme consistently, the participants

will experience improved psychosocial

health markers. Changes in pre-and post-survey data and

qualitative interviews would evidence this.

- Adherence was best when the programme was given two to three
times/week out of the four sessions recommended. Therefore, future

studies could implement two to three sessions/week.

- For danceSing Care staff and researchers, fewer than ten participating
care homes would facilitate and speed-up problem solving of any
unforeseen barriers regarding the resources, such as tech issues or

staffing problems.

- Participation could be improved if the danceSing Care resources were
part of the regular care home schedule, with an allocated time slot,
playing music at the start of the sessions and briefing and encouraging

residents before the start.

- Questionnaires evidenced improvements in several multidimensional
health outcomes of participants. Indicators of frailty should be
complemented with physical function tests. Objective measures such as
actigraphs or endocrine measurements could provide additional

information about specific health parameters.
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(4) If the ACs were given enough organisational support (e.g.,
resources and time), they would be engaged in this programme.
This would establish shared learning and co-production between

programme developers, care homes, and researchers.

(5) If the group sessions were adequately and consistently used,
residents would feel more engaged in group activities, creating a
community. This communal feeling would increase self-confidence
and quality of life and reduce loneliness. This could potentially

inspire future usage of the programme's resources.

- Wider contexts (e.g., the care home system in Scotland or the COVID
restrictions) and organisational contexts (e.g., time and staffing) are out
of our control. They are, therefore, not included in this programme
refinement. However, before future implementation of the danceSing
Care resources occurs, tech issues (e.g., internet access or big screens)
and staff issues (e.g., a dedicated AC with back-up) could be factored in.

- Some care home residents who participated had cognitive impairment,
influencing the adherence and understanding of measurement tools.
Considering the cognitive status of care home residents and exploring
how to tailor the intervention to those lacking the capacity to consent due
to cognitive impairment could make findings more generalisable in a

future intervention.
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4.5 Discussion

The findings of this mixed-methods feasibility study on multidimensional health
outcomes of a digital PA intervention using music and movement resources were evaluated
through a context-mechanism-outcome (CMO) configuration using a realist approach. This
method considered the challenging situation care homes in Scotland, UK, were in during the
COVID-19 pandemic and the resources available to the care homes and staff. Consequently,
the feasibility of this intervention was established as a component of how the programme
would translate into the domain of policy and practice. Discovered delivery challenges were
(1) motivation and engagement, (2) cognitive impairment and disabilities of the participants
and changes in these, (3) death and hospitalisation of the participants and (4) limited staffing
and technology resources to deliver the programme as intended. Regarding the secondary aim
of performing limited efficacy testing on multidimensional health markers, ACs and residents
commented on improved mood, physical health, job satisfaction and social support, with large
effect size values and improvements in the questionnaire scores for anxiety, depression,
feelings of loneliness, perceived stress and sleep satisfaction, but no changes in fear of falling,
domains of general health and appetite. Due to the feasibility nature of this study and the
small sample size, pre- to post-intervention data should be considered preliminary. Overall,
these findings tentatively support the recommendation to implement a future RCT, with
limitations discussed below. The initial programme theory was therefore refined as discussed

below.
4.5.1 Refinement of the programme theory for future implementation
Refinement 1: Future intervention could be implemented two or three sessions/week.

The mean adherence to this 12-week intervention at a dose of 3+1 sessions per week
was 57%. This is lower than the findings of a previous systematic review about adherence to
supervised technology-based exercise programmes for 12 weeks in older adults, where the
expected adherence range would fluctuate from 70% to 100% (Valenzuela et al., 2018). In
this study, adherence was best when the programme was given two to three times/week. This
aligns with the recommendations of a Taskforce Report about PA and exercise for older
adults living in care homes, suggesting a frequency of twice a week, with an interval of at

least 48 hours between sessions (de Souto Barreto et al., 2016)
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Refinement 2: Encouraging participation in the care homes.

Participation and engagement are pertinent issues for developing trials and
implementing interventions in practice (Yardley et al., 2007). Research staff and danceSing
Care staff tried to engage the ACs to personally invite the care home residents into the
programme and emphasise the multiple benefits of training programmes, as these strategies

are suggested to be important to maximise participation in older adults (Yardley et al., 2006).

Further, throughout the intervention, the danceSing Care team attempted to create community
groups to join the 'danceSing Care family'. However, these approaches need to be adjusted to
get more appeal from ACs and residents in the future, for example, having more interaction
on social media pages. Finally, to maximise adherence to these music and movement
resources, special care should be given to making the sessions habitual in the care home, as

adherence to PA interventions tends to taper off in the long run (Nyman & Victor, 2011).

Refinement 3: Adding questionnaires of multidimensional health markers complemented with

objective measures in a possible future RCT.

The intervention effects on multidimensional health markers should be treated as
tentative due to the feasibility nature of the study, i.e., the small sample and the lack of a
control group. Nevertheless, the programme effects suggest benefits to participants' health and
well-being, as evidenced by the large effect size values. A future larger-scale RCT would be
necessary to confirm this. However, these findings are consistent with the literature on the
effects of music and movement resources in older adults, indicating positive changes in
mental well-being (Brustio et al., 2018; Cordes et al., 2021; Da Silva et al., 2022;
Guzman-Garcia et al., 2013; Hwang & Braun, 2015; Low et al., 2016; Windle et al., 2010).
Physical function tests could usefully complement frailty measurement to aid diagnostic
accuracy (Clegg et al., 2013; Fried et al., 2001). Further, during ageing, the endocrine
regulation of certain hormones gets challenged, e.g., the activity of the adrenocortical cells
that produce the major sex steroid precursor dehydroepiandrosterone (DHEA) and
dehydroepiandrosterone sulphate (DHEAS) decreases, often alongside a gradual rise in
cortisol (stress hormone) release (Chehab et al., 2007; Heaney et al., 2014). Therefore,
objective measures of this type could complement health outcomes, such as biomarkers of the
hypothalamic-pituitary stress axis (cortisol and DHEA(S)) (De Nys et al., 2022).
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The qualitative analysis showed improvements in ACs' and residents' mood and physical
health, job satisfaction and social support. Similarly, in previous qualitative studies, older
adults in interviews and focus groups have reported that PA interventions have improved their
perceptions of their physical capacity and overall physical health. Previous observations in
older adults also found psychological benefits of engaging in PA. These benefits include
enjoyment and happiness, which comes not only with engaging in PA but also with enjoying
the company of others in the group and connecting with people (Lindsay-Smith et al., 2019;
Maula et al., 2019; Swales et al., 2022). Likewise, previous studies have described that care
home staff job satisfaction is associated with high recognition of their contributions to the
care home and a sense of belongingness, purpose and responsibility in the care home (Foa et
al., 2020; Hirakawa et al., 2019; Moyle et al., 2003). Thus, these qualitative findings
correspond with the belief that providing care and support to residents in the care home
setting is challenging but exciting and fulfilling for care home staff. Similarly, conducting
research in care homes has been reported to benefit care home staff through training and
empowerment (Jenkins et al., 2016).

Refinement 4: Considering dementia in the care home population

Although no data about cognition was formally collected in the current study, it should
be noted that it was observed that many of the included participants suffered a significant
cognitive decline throughout the programme. This affected participation and, in this instance,
significantly reduced the number of post-intervention assessments possible. One previous
study showed that residents who accepted technology-based resources were significantly less
cognitively impaired than those who did not (Ulbrecht et al., 2012), adding to the relevance of
considering and measuring cognitive status and extending recruitment to those lacking the
capacity to consent, where possible. In addition, the adherence to an exercise session of an
RCT with residents having dementia showed similar adherence rates to this study (Henskens
et al., 2018). The reason for the differences in adherence rates between residents with and
without dementia could be that in people without or with only mild cognitive impairment, the
instructions and explanations on exercise and its benefits usually used to promote PA
(Spittaels et al., 2007) come across more clearly, possibly increasing adherence. This
approach is not feasible in advanced cognitive impairment as individuals cannot process and
remember verbal instructions, highlighting the need for individually tailored activities to
functional ability and interest (Hill et al., 2010). However, real-time reinforcement and
feedback while exercising could improve adherence and provide an opportunity to monitor
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performance over time (Valenzuela et al., 2018). This task could be attributed to the ACs in
the care homes in a future RCT.

Further, studies including care home residents with dementia generally use the Mini-Mental
State Examination (MMSE) (Folstein et al., 1975) or similar to screen for cognitive
impairment (Henskens et al., 2018; Thurm et al., 2011). Thus, using a cognitive impairment
measure could complement the understanding of the effects of dementia on the feasibility and
effectiveness of future interventions. This would not be to screen out residents with dementia
as those unable to consent to participate in a research study or complete survey measures
might still benefit from participating in the intervention programme. This would need careful
assessment and potentially repeated screening to assess changes in cognitive function across
the intervention and repeated consent for measurements throughout such an intervention
(Yardley et al., 2007). Further, a fruitful line of future research would be to explore how to
tailor the intervention to those lacking capacity with cognitive impairment. A future trial
could also extend to recruiting those with cognitive impairment who lack the capacity to

consent via personal/nominated consultees.
4.5.2 Strengths and limitations

Realist evaluation approaches have been advocated for evaluating complex care
interventions (Byng et al., 2005; Salter & Kothari, 2014). This approach steers away from a
‘one-size-fits-all' problem-solving approach (Pawson & Manzano-Santaella, 2012). Indeed, it
has some clear strengths. It uses a sound methodology to consider multiple actors at play in
complex situations. It translates this into the world of policy and practice. However, these
approaches are relatively new compared to the processes commonly used in feasibility studies
evaluating health care interventions, with a less rigorous traditional methodology. Also,
emphasis was placed on contextual factors during some COVID-19 restrictions in the care
home system in Scotland. Therefore, the present conclusions may be subject to temporal and

situational changes in how programmes are implemented.

Nonetheless, care was taken to reach optimal data integration at multiple levels (methods,
interpretation and reporting) in the most objective ways possible. Also, stakeholders' feedback
(via interviews, focus and advisory groups) was integrated during the data analysis. This
acknowledges the importance of the co-production of stakeholders in terms of future

programme implementation. Second, the present study is limited by the small sample size,
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high attrition, and lack of a control group. However, as this was primarily a feasibility study,
an adequately powered RCT design was not implemented at this early stage and would form
the next step in evaluating this intervention. Finally, it should be acknowledged that
restricting recruitment to those with the capacity to consent means that we cannot generalise
the present findings to that sub-population, a common sub-group of care home residents.
However, we did not preclude inclusion in the intervention group from those lacking capacity,
and some individuals who did participate had cognitive impairment, although this influenced
adherence and understanding of the measurement tools. Ideally, future research would
examine how best to tailor this intervention to the sub-group of individuals with cognitive
impairment and lack of capacity to consent and then extend recruitment to those lacking

capacity via personal/nominated consultees.
4.6 Conclusion

This realist evaluation of a feasibility study of a digital music and movement
intervention in care homes suggests that such an intervention is feasible, at least in individuals
with the capacity to consent and mild cognitive impairment. The adherence and delivery of
the resources are likely to meet greater success when the following features are adopted: (1)
implementing two to three sessions per week, (2) encouraging participation by personally
inviting the care home residents into the programme or by making the resource a habitual
activity and individually-tailoring the activity to the resident's functional/cognitive ability and
interest, (3) complementing existing health questionnaires with physical function tests for
frailty screening and/or other objective measures of health and well-being, (4) measuring and
taking into account cognitive impairment of the participants including exploring ways to tailor
the intervention to those lacking capacity to consent.
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Chapter 5: Intervention Two, danceSing Care phase Two: Pilot RCT of a digital music

and movement intervention in older adults in care homes.

This Chapter is based on the pilot RCT “Digital music and movement resources to improve
health and well-being in older adults in care homes: a pilot randomised trial”, currently under
peer review by BMC Geriatrics (https://doi.org/10.21203/rs.3.rs-3658587/v1). The outline
and conduct is based on the CONSORT 2010 statement extension to randomised pilot and
feasibility trials (Eldridge et al., 2016).

5.1 Background

This Chapter presents the pilot RCT conducted as a logical final study in the context
of the PhD project and provides insights for future interventions. The systematic reviews
(Chapters Two and Three) identified gaps in the literature, and the preliminary feasibility
study (Chapter Four) provided insights into the practical aspects of implementing a PA
intervention in care homes. Thus, these studies allowed for further investigation of a digital
music and movement intervention as a potential approach in the care home setting through a
pilot RCT.

5.2 Introduction

As the demographic shift towards an ageing population accelerates (Office for
National Statistics, 2021; United Nations Department of Economic and Social Affairs
Population Division, 2022), a transition to care home or supported living facilities may
become the most viable option for older individuals living alone and requiring high-level
supervision and care (OECD, 2021; Wiener et al., 2009). The multifaceted challenges
confronting older adults residing in long-term care settings, such as limited mobility, limited
independent access to outside facilities/activities and lack of social interaction, present
barriers to maintaining PA levels (Sackley et al., 2006). PA has been shown to have
significant positive effects on the healthy ageing trajectories of older adults (Daskalopoulou et
al., 2017), with favourable effects on the endocrine system (Kraemer et al., 2020; Kraemer &
Ratamess, 2005; Sellami et al., 2019), anxiety and depression (Schuch et al., 2016; Stubbs et
al., 2017) and physical function (Nusselder et al., 2008; Paterson & Warburton, 2010). With
the rise in technological developments, an increasing number of innovative digital PA
interventions have been developed for use in various populations and settings (Davies et al.,

2012; Muellmann et al., 2018). However, research on the effectiveness of digital resources in
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promoting PA among older adults in care home settings remains limited (Muellmann et al.,
2018). This study aimed to address this issue by investigating the effectiveness of digital PA

resources for the health and well-being of older adults in care homes.

Several physiological and psychological challenges are evident in the context of ageing. First,
there is a notable change in the functioning of the endocrine system, with the hypothalamic-
pituitary-adrenal (HPA) axis being particularly affected, as indicated by changes in the
secretion patterns of cortisol and dehydroepiandrosterone and/or its sulphated form (DHEA/S)
(Ferrari et al., 2001; van den Beld et al., 2018). This can substantially affect the immune
system (Buford & Willoughby, 2008; Butcher et al., 2005; Phillips et al., 2007). Second, older
adults, whether community-dwelling or in care homes, experiencing reduced social support,
chronic disease, and decreased self-esteem are at an increased risk of mental health issues
such as anxiety and depression (Alipour et al., 2009; Boyd, 2007), which negatively impacts
their well-being and quality of life (Olatunji et al., 2007; Vancampfort et al., 2017). Finally, a
decline in physical function is commonly observed with ageing, increasing older adults’
vulnerability to falling, frailty, rising healthcare costs and premature death (Stenholm et al.,
2015; Taekema et al., 2012; Tolley et al., 2021). While these challenges can have profound
negative impacts on older adults, research has demonstrated that PA can counterbalance these
challenges and positively influence healthy ageing by improving cortisol and/or DHEA(S)
levels (De Nys et al., 2022), anxiety and depression (Ofosu et al., 2023), muscle mass,
strength, and thus physical function, frailty, and quality of life (de Vries et al., 2012; Pedersen
& Saltin, 2015; Sherrington et al., 2008; Swales et al., 2022; Warburton et al., 2006)
Therefore, PA interventions are a viable approach to mitigating the adverse effects of ageing

on the endocrine system, psychological well-being, and physical function in older adults.

However, poor adherence to PA programmes is often reported in institutional settings such as
care homes (Nyman & Victor, 2011). To improve adherence, innovative digital PA resources
have been developed for delivery with older adults, showing promising results to impact
health, e.g., by improving quality of life (Chan et al., 2021), muscle mass and physical
function (Kraaijkamp et al., 2021; Nishchyk et al., 2021) and decreasing feelings of anxiety
and depression, dementia (Preschl et al., 2011) (for reviews, see (Davies et al., 2012;
Muellmann et al., 2018)). However, although most trials showed a positive trend towards the
efficacy of digital interventions, better quality evidence is needed considering the
heterogeneity in the measures used across studies and to address limitations associated with
modest sample sizes and relatively short intervention durations. Further research is warranted
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to evaluate the effectiveness of digital PA resources on physiological, psychological and
social dimensions of healthy ageing (Buyl et al., 2020; Tonga et al., 2022). In particular, the
evidence for the effects of digital PA resources on steroid hormones in older adults is scarce.
For example, several studies have noted a lack of quality evidence for the impact of PA
interventions in care home residents on anxiety symptoms, cortisol and DHEA(S) (De Nys et
al., 2022a; De Nys et al., 2022b; Ofosu et al., 2023). In addition, there is evidence that
conducting PA in a group can enhance the effects of the intervention by enhancing social
connectedness and reducing loneliness (Lindsay-Smith et al., 2019; Maula et al., 2019;
Swales et al., 2022). Thus, interventions combining the digital delivery of PA with a group

exercise setting should be examined.

Music, as a common component of group PA delivery, also warrants attention due to the
health benefits demonstrated in studies on dance (Hwang & Braun, 2015; Liu et al., 2021,
Sooktho et al., 2022) and music interventions (Dingle et al., 2021). The intervention evaluated
in this study combined group participation with multicomponent exercises and added a music
and singing aspect because music has been shown to positively impact mood, anxiety, and
stress, making it an effective tool for improving mental health outcomes (Dingle et al., 2021;
Lai & Lai, 2017; Taylor et al., 2023). Music can also enhance the enjoyment of PA,
increasing adherence and compliance with exercise programmes (Clair, 1996; Priest et al.,
2004; Vaz et al., 2022). Additionally, the use of music may help evoke positive memories and
emotions, contributing to overall emotional well-being through reminiscence (Ellis &
Salmoni, 2021). However, the effectiveness of music interventions can vary significantly
based on individual preferences and the type of PA (Petrovsky et al., 2015). The intervention
evaluated in this study used a combination of digital delivery and in-person support aimed to
address the challenges and maximise the benefits of both group PA and music for older adults

in care homes.

To this end, a preliminary study tested the feasibility of a digital music and movement
resource in care homes (Ofosu et al., 2023). Key outcome measures were determined by an
advisory group consisting of the research team, care home staff, older adult representatives
and representatives from danceSing Care, the company that devised the digital intervention.
The study results determined that such a programme was feasible with recommended
adjustments for future implementation (Ofosu et al., 2023). In light of these
recommendations, a pilot RCT was designed to investigate whether a 12-week digital music
and movement resource, compared to a waitlist control group, would improve some of the
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same measures from the original study (anxiety, depression, fear of falling, loneliness, quality
of life, perceived stress and sleep satisfaction) in addition to measures that are deemed
important in previous literature but not possible to measure during the first study (salivary
cortisol and DHEA levels and physical function). The primary aim of this pilot RCT was,
therefore, 1) to evaluate the efficacy of a digital movement and music intervention within care
home settings and its subsequent impact on a range of health and well-being outcomes and 2)
to decide whether and how to proceed with a future definitive randomised controlled trial by

interpreting specific progression criteria, following the previous feasibility study.
5.3 Methods
5.3.1 Design

The danceSing Care evaluation trial was a mixed-methods multicentre Randomised
(2:1), waitlist-controlled, parallel-group Trial (RCT). Participants in the intervention group
and waitlist controls were recruited from care home facilities in central Scotland. Data were
collected through salivary endocrine measurements, physical assessments, self-reported

questionnaires, and semi-structured qualitative interviews.

Ethics approval was given by the University of Stirling Non-invasive Clinical Research panel:
NICR 2021 3735 3607. This pilot study protocol is registered with the Clinical Trials
Register: NCT05601102.

5.3.2 Procedure, setting and locations

The study occurred at care homes in central Scotland from March to July 2023.
Residents capable of giving informed consent were invited to participate in the study after a
brief introduction through posters utilised by care home staff and face-to-face interaction with
the researchers. Researchers, with the help of care home staff, recruited residents from four
Holmes Care Group care homes. Recruitment started four weeks before the intervention with
a live meeting and initiation session for the ACs in the care home. Initially, two homes were
recruited, but within a week, it became apparent that a further two would be needed to reach
the target sample size. Participants recruited to both intervention and waitlist control groups
completed baseline and post-intervention questionnaires with the assessors (LDN & EQ) in
private areas (empty lounges, bedrooms) in their respective care homes to ensure privacy and
confidentiality. Physical function tests and saliva samples were measured in empty hallways
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and private rooms. A random sub-sample of seven participants was interviewed two weeks
after completing the post-intervention measures to report additional and in-depth intervention
effects that were not captured in the survey measures. Five care home staff (ACs and/or
carers) who facilitated the online intervention were also interviewed in person to share their

experiences throughout the process.
5.3.3 Participants
Eligibility criteria for participants

Eligible participants were adults aged 65 or older living in care homes with an
established connection to the digital music and movement provider. They needed to be
capable of completing a 12-week movement and music program, providing informed consent,
and comprehending the research measures, as evaluated by care staff. Cognitive decline
experienced during a previous feasibility study (Ofosu et al., 2023) influenced eligibility,
particularly regarding understanding research measures among those with cognitive
impairment. Due to time constraints and ethical considerations, addressing capacity-related
issues for individuals lacking both consent capacity and understanding of measures was not
feasible. Eligibility assessment followed the British Psychological Society capacity checklist
(British Psychological Society, 2010), and verbal consent was reaffirmed at each interaction.
Ineligibility criteria included participation in concurrent clinical trials that could affect this
study's outcomes, pre-existing conditions significantly impacting their ability to undergo the
intervention, and insufficient English proficiency to engage in measures and intervention due

to cognitive or sensory impairments.
Sample size

G*power was used to determine the sample size. The statistical test (ANOVA:
Repeated measures, within-between interaction) and the power of the analysis (A priori:
compute required sample size) were selected, with a = .05 and power = .80. The standardised
mean difference (SMD) (= .80) for the cortisol outcomes was used from a previous systematic
review (De Nys et al., 2022) to determine the effect size for this study. This revealed a
required total sample size of n = 16. To account for a possible 20% attrition, group sample
sizes were inflated to n = 20. Similarly, the effect size for the anxiety outcome in this pilot
RCT was based on an SMD of .27, which was recorded from the previous systematic review

(Ofosu et al., 2023). This revealed a required total sample size of n = 110. To account for a
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possible 20% attrition, the total sample size was inflated to n = 132. However, consultation
with the care home management suggested that this sample size would not be pragmatic given
the high level of cognitive impairment among residents and, thus, the small number of
residents eligible for recruitment. Further, the previous feasibility study showed effects in n =
18 for the psychosocial outcomes, so the target sample in this pilot study was set at 36, based
on a general rule of thumb of 30 (Browne, 1995) and accounting for a possible 20% attrition
while considering that in a future full-scale RCT, a minimum of 132 participants should be
recruited. Given the feasible sample size, it was determined that individual randomisation
(i.e., by the participant) would be more pragmatic than cluster randomisation (i.e., by care
home), which requires larger sample sizes due to other cluster/site differences (Rutterford et
al., 2015).

5.3.4 Intervention

Participants were randomly assigned to participate in a digital movement and music
programme with resources from danceSing Care for 12 weeks or a waitlist for 12 weeks
before participating. This programme consisted of two movement sessions and one weekly
music session, each lasting about 20 minutes. This was the recommended dose based on the
refinements made by the preliminary feasibility study (Ofosu et al., 2023). These sessions
were delivered in a group-based setting, with the digital resources displayed on a large screen
under the supervision of the care home’s AC in a communal room. The sessions were low-to-
moderate intensity, including a warm-up and cool-down period. Care home AC(s) led the
sessions and received training on engaging participants and using the digital resources from
danceSing Care programme trainers. The danceSing Care programme could be tailored to
accommodate the preferences and needs of the participants, with sessions labelled according
to their dementia-friendliness, and ACs could select the most appropriate session for those
taking part. Instructions were integrated into the digital resource to adapt the exercises for
sitting or standing postures during movement sessions according to ability, and the music and
sing-along sessions were personalised based on the music preferences of older adults. In line
with the recommended methods of reporting intervention designs, a TiDieR checklist is

detailed in Appendix 5.1.
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5.3.5 Outcome Measures

The primary and secondary outcome measures and when they were implemented are
summarised in Table 5.1. The primary outcomes were salivary cortisol, DHEA levels, and
anxiety symptoms. Secondary outcomes were fear of falling, loneliness, quality of life, stress,

sleep satisfaction, physical function and frailty phenotype.

Table 5.1 Summary table of outcome measures

Baseline measures Source Time point

Demographic information Self-report Baseline

Primary measures

Salivary cortisol and DHEA Assessor Baseline and post-
intervention.

Hospital Anxiety and Depression Scale Self-report Baseline and post-
intervention.

Secondary measures

Questionnaires Self-report Baseline and post-

intervention.
o Falls Efficacy Scale

o Dartmouth Cooperative Functional
Assessment Charts
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o Brief UCLA loneliness scale
e Perceived Stress Scale

o Sleep Satisfaction Tool

Physical function tests Assessor Baseline and post-
intervention.
e Short performance battery
e Hand grip strength

o Fried frailty phenotype criteria

Quialitative data Semi-structured  Post-intervention
interviews
Progression criteria Assessor Post-intervention

Recruitment rate

e Intervention fidelity Monitored during and
completed after the
« Attendance intervention

e Retention rate

o Safety

5.4.5.1 Questionnaires
Demographics

Standardised socio-demographic questions about age, sex, ethnicity, relationship status

and education were included.
Anxiety and Depression

Symptoms of anxiety and depression were measured using the Hospital Anxiety and
Depression Scale (HADS) (Zigmond & Saith, 1983). The HADS consists of two subscales
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with seven items, each measuring anxiety or depression on a four-point response scale from
zero to three, resulting in a maximum score of 21 on anxiety or depression. Specifically, the
anxiety subscale covers symptoms of generalised anxiety disorder, whereas the depression
subscale focuses on anhedonia (Snaith, 2003). This measure has been validated in older adults
with or without cognitive impairment, making it suitable for residents in care homes
(Cronbach’s alpha for HADS anxiety= 0.87, HADS depression = 0.81) (Djukanovic et al.,
2017). The present study’s internal consistencies for anxiety and depression were 0.85 and

0.66, respectively.
Falls

The FES-I short form (Kempen et al., 2008) validated in older adults (Cronbach’s
alpha = 0.92) measured fear of falling while carrying out daily activities such as getting
dressed or attending social events. The FES-I is a seven-item scale with responses on a Likert
scale from zero (not at all concerned) to three (very much concerned) and total scores ranging

from zero to a maximum score of 21. Internal consistency in the present study was 0.93.
Health related quality of life

Participants’ health-related quality of life across domains of physical fitness, activities
of daily living, feelings, social activities, and change in health and overall health status for the
past two weeks was measured with the Dartmouth COOP charts (Nelson et al., 1987) which
has test-retest reliability coefficients ranging from 0.67 to 0.82 (Jong & Smith, 1990). This
measure has six charts with responses on a five-level ordinal scale ranging from one (no
limitation at all) to five (severely limited) for all items except the change in health item, which
IS reverse scored so that one and five mean much better and much worse, respectively (Nelson
etal., 1987). A high score indicates poorer health-related quality of life, with scores ranging

from six to a maximum of 30. Internal consistency in the present study was 0.80.
Loneliness

The short-form UCLA loneliness scale (ULS-6) (Neto, 1992) measured feelings of
loneliness among participants. The ULS-6 has a Cronbach’s alpha for the reliability of > 0.7
and is made up of six items and response options on a four-point scale (1-never to 4-often),
where a high score shows increased subjective feelings of loneliness, and scores range from

six to a maximum of 24 (Neto, 2014). The Cronbach’s alpha in the present sample was 0.85.
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Perceived Stress

The Perceived Stress Scale (PSS) (Cohen et al., 1983) was used to measure how
participants experienced their stress during the past month. It consists of ten items with a five-
point Likert scale ranging from zero to four that indicates to what extent people perceived
stress (depicting low, moderate, and high perceived stress), resulting in a higher total score
indicating higher perceived stress from zero to a maximum of 40. Reliability in this study was
0.91.

Sleep Satisfaction

The National Sleep Foundation’s Sleep Satisfaction Tool (SST) (Ohayon et al., 2018)
was used to measure sleep satisfaction. It is a nine-item scale scored on Likert response scales
(one to four) with a Cronbach’s alpha of 0.87 and a high score suggesting greater sleep
satisfaction, where scores can vary from nine to a maximum of 36. In the present study, the

alpha for reliability was 0.90.
5.4.5.2 Salivary cortisol and DHEA

A one-point saliva sample for cortisol and DHEA concentration measurement was
obtained in the morning by a cotton wool swap (between 10:00 and 12:30), at least 30 minutes
after the first diurnal food intake. This was optional, requiring consent to opt in. Participants
were asked not to eat, drink (other than water), or smoke for two hours before obtaining the
salivary samples (Stalder et al., 2016). The field researcher provided detailed verbal and
visual instructions on obtaining the samples to help with compliance. Samples were collected
at baseline and post-intervention at the same time of day, and each participant’s waking time

and sampling time were recorded in a participant case report form upon sampling completion.

Saliva samples were collected in universal tubes, centrifuged at 4,000 rpm for 5 minutes, and
the supernatant was transferred to Eppendorf tubes (Eppendorf, Hamburg, Germany) for
storage at —20 °C until assay. Cortisol and DHEA concentrations were determined using
ELISA kits from Salimetrics LLC, USA, following the manufacturer’s protocols. Both assays
were conducted in one batch, with samples assayed in duplicate with intra-assay coefficients
of <10%. The assays utilised a competitive immunoassay method, where the unknown
cortisol or DHEA in the sample compete with a fixed amount conjugated to horseradish
peroxidase for antibody binding sites on a microtitre plate. After incubation and enzymatic
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reaction, the hormone concentrations were inversely proportional to the optical density read at
450 nm, with a secondary filter correction at 490 to 492 nm. All procedures were executed

with precision to prevent contamination.
5.4.5.3 Physical function

The short physical performance battery (SPPB) (Guralnik et al., 1994) was used to
assess physical function among older adults. It comprises three tests: balance, 4-metre gait
speed, and a chair stand test to assess leg strength. A score between 0 and 4 is assigned for
each test, and the three tests are weighted equally. Therefore, the maximum score is 12 points.
The cut-off value used to assess poor physical performance is <8 points, according to the
European Working Group on Sarcopenia in Older People (EWGSOP) (Cruz-Jentoft et al.,
2010). The interrater reliability of the SPPB in older adults is shown to be excellent (ICC =
0.81t0 0.91) (Medina-Mirapeix et al., 2016; Olsen & Bergland, 2017), and test-retest
reliability in people with dementia is also excellent (ICC = 0.92) (Olsen & Bergland, 2017).

Grip strength was utilised as a surrogate measure of overall muscular strength, predicting
health and mortality risk (Gale et al., 2007). An analogue hand-held dynamometer (JAMAR
5030J1, Sammons Preston) was used to measure the hand grip strength of the dominant hand,
taking the best score of three attempts with 20 seconds rest between the attempts (Bohannon,
2008). The test-retest reliability of grip strength in older adults is good (ICC >.85) (Wang &
Chen, 2010).

The Fried frailty phenotype assessment was used to evaluate frailty (Fried et al., 2001) and is
well-established and validated (Bieniek et al., 2016). It considers five criteria: (1)
unintentional weight loss measured through the question ‘In the last year, have you lost more
than 10 pounds unintentionally (i.e. not due to intentional dieting or exercise)?’ (1 point if
present); (2) walk time measured across a 4.57 (15-foot) distance and stratified by sex and
height (1 point if above the specified cut-off); (3) grip strength as described above and
stratified by sex and BMI (1 point if below the specified cut-off); (4) physical exhaustion
measured through two questions from the Center for Epidemiologic Studies Depression (CES-
D) (Radloff, 1977) asking about feelings or behaviours related to depression in the past week.
Participants were asked to reflect on the past week and indicate how often they felt a certain
way on statements indicative of depressive symptoms or statements (1 point if present); (5)

energy expenditure through the Minnesota Leisure Time Activities Questionnaire (MLTAQ)

159


https://sciwheel.com/work/citation?ids=1103415&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=3146091&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=3146091&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=8992236,7760686&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=8992236&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=5352752&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=7787897&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=7787897&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12006737&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12006737&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=424642&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=15134501&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=672923&pre=&suf=&sa=0&dbf=0

(Taylor et al., 1978) assessment of leisure-time PA and used in conjunction with weight and
kcals per activity, (1 point if below the threshold: <383 Kcals/week for men and <270
Kcals/week for women). Positive criteria thus score 1 point, dividing participants into three

categories. Scores range from 0 (not frail), 1-2 (prefrail), to 3-5 (frail).
5.4.5.4 Interviews

The researchers devised the semi-structured interview guide (see Appendix 5.2) in
consultation with the study advisory group and focused on the general overview of what
participants and ACs thought of the programme and the benefits they derived. Interviews
lasted approximately 12 minutes with 15 to 25 questions, including follow-up questions that

probed further into responses.
5.4.5.5 Delivery outcome - Progression criteria

This trial employed a traffic light or Red Amber Green (RAG) approach, with red
indicating major problems requiring urgent attention, amber indicating minor problems
requiring attention, and green indicating no concern (Eldridge et al., 2016). The criteria were
developed in consultation with the advisory group (Table 4) This extended the preliminary
realist evaluation that thoroughly documented the feasibility of the delivery and the
acceptability of this intervention. The group further assessed the feasibility of specific trial
objectives, inclusion and exclusion criteria, and outcomes (Ofosu et al., 2023). Thus, the
criteria of this trial were based on recruitment, intervention fidelity, attendance, retention
rates, and safety. Data were reviewed against the progression criteria, and the research team

held regular meetings to discuss progress and concerns.
5.3.6 Randomisation

For the allocation of the participants, the Randomization Allocation Software
(Saghaei, 2004) was used for sequence generation in a 1:1 sequence by individual
participants. Two researchers enrolled and assessed the participants in the study and allocated
ID numbers to each of them. The random allocation sequence was concealed from the
researchers at baseline testing as the principal investigator generated the assignment sequence
of ID numbers. Details about the intervention and waitlist control allocation groups, including

attendance sheets with names of the participants receiving the intervention to enable ease of
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matching prior to pseudo-anonymisation, were provided to the ACs to return attendance
sheets at the end of each week via email.

5.3.7 Blinding

Blinding the participants is not possible when participants are allocated to a waitlist-
control group. The researchers taking the measurements were blinded to the allocation of the
participants at baseline assessment, but this was not possible at post-intervention assessment.
However, the researchers strictly followed approved protocols and guidelines, ensuring the
handling of saliva and physical function measurements and questionnaire assessment was as

standardised as possible across participants and time points.
5.3.8 Data analysis
Intention to Treat analysis of questionnaire, physical function and saliva assay outcomes

Baseline clinical and demographic characteristics were summarised and reported using
descriptive statistics. Quantitative data from primary and secondary outcomes were collected,
and intention-to-treat (ITT) analyses were performed in IBM SPSS Statistics (version 28.0) to
examine the effects of the intervention and the waitlist comparison control group on the
primary study outcomes. As stated a priori in the protocol, the intention was to conduct an
ITT analysis using repeated-measures between within-groups ANOVA with pre- and post-
intervention as the repeated measures and intervention versus waitlist control as between-
group variables. However, discussions while collecting follow-up data and through
interviewing ACs made it evident that the randomisation protocol had not been adhered to at
all sites, resulting in participants in both groups receiving the intervention simultaneously. As
a result, a true control group was not established. Consequently, an ITT analysis was
conducted on pre-post-intervention change in the whole sample. As a sensitivity analysis, a
per-protocol analysis was conducted on the sample with available data, i.e., complete cases

only, not ITT.

Estimated effect sizes (Cohen’s d — interpreted as small (d = .2), medium (d = .5), and large (d
= .8) based on Cohen (1988), means, mean differences and their precision (95% confidence

interval (CI)) were calculated for continuous data and a count (number, %) for nominal data.
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5.3.9 Ancillary Analysis

Between-group ANOVASs with post-hoc comparisons were conducted to assess the
intergroup variations based on care home adherence levels on pre- to post-intervention change
scores across all questionnaires, physical function and physiological metrics. Additionally, a
series of correlation analyses were conducted to explore whether psychosocial and physical
changes elicited by the intervention might be related.

Intervention fidelity and attendance

Intervention fidelity was analysed for the duration of the 12-week intervention as the
total number of sessions delivered divided by the intended number of sessions (3 per week).
Participant attendance was analysed as the number of sessions attended divided by the total
number of sessions delivered. The raw fidelity and attendance data were multiplied by 100 for

a percentage representation.
Qualitative analysis of interviews

Based on the research objectives, a thematic analysis (Braun & Clarke, 2006) was
performed on the qualitative data to identify, analyse, organise, and communicate themes
emerging from the interviews. After each interview, one researcher (EO) reviewed the audio
recordings and field notes. After transcribing the interviews, the researcher synthesised the
data into relevant themes with NVivo 12 and coding was independently reviewed by a second
researcher (LDN). Thematic analysis was done independently, but the themes derived were
linked to the progression criteria, thus the qualitative results have been presented in

association with the progression criteria.
5.4 Results
5.4.1 Participant flow

Initially, 37 participants were identified by care home staff as eligible and approached
for recruitment. Thirty-four were recruited and randomised into 17 in the intervention group
and 17 in the waitlist control group. Figure 1 shows participant flow through the study. In the
intervention group, all 17 received the intervention. However, one died, and one withdrew,
resulting in 15 participants with complete data for the intervention group. As the interventions

took place in the communal living rooms where the waitlist-control group was also present,
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this group at times, also received the intervention. Further, two participants passed away, one
left the care home, one lost the capacity to consent, and one withdrew (n=12 with complete
data for the waitlist control). There were no other missing survey data except for the UCLA
Loneliness scale, which one participant chose not to complete. Also, four participants did not
undergo the physical function tests, and 16 either opted out or could not provide saliva
measurements. Therefore, the dataset included 27 participants with pre-post data and 34 for
ITT analysis. The subsequent analyses reported here are full sample pre- and post-intervention
comparisons. Non-adherence to the delayed delivery of the intervention to the waitlist control
group was not evident during the collection of adherence/attendance registers because the
attendance of participants on the waitlist was not recorded on the weekly attendance register.
This only became apparent in post-intervention data collection and discussion with ACs when

arranging testing sessions and interviews.

[ Enroliment J Assessed for eligibility (n= 37)

Excluded (n= 0)

+ Not meeting inclusion criteria (n= 0)
> | «+ Declined to participate (n= 3)

+ Other reasons (n=0)

Randomized (n=34)

l

v { Allocation | Y
Allocated to intervention (n= 17) Allocated to intervention (n= 17)
e Received allocated intervention (n= e Received allocated intervention (n= 0)
17)  Did not receive allocated intervention
e Did not receive allocated intervention (no true control group) (n= 17)
(n=0)
v ( Follow-Up | Y
Lost to follow-up Lost to follow-up
e Deceased (n=1) e Deceased (n=2)
« Discontinued intervention (n= 1) e Left care home (n = 1)
e Discontinued intervention (n= 1)
e Lost capacity to consent (n=1)
l [ Analysis ]
Analysed (n= 15) Analysed (n=12)

+ Excluded from analysis (give reasons) (n=0) + Excluded from analysis (give reasons) (n=0)
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Figure 5.1 CONSORT flow diagram

5.4.2 Baseline data

Baseline demographics and clinical characteristics for each group are presented in

Table 5.2. Chi-square tests (for categorical data) revealed no significant differences in these

characteristics. Most participants were female (59% in the intervention group and 82% in the

control group). All participants identified as White: British, Scottish, Welsh, English, Irish, or

other. The most common educational attainment was no qualifications (38%).

Table 5.2 Baseline characteristics per group based on randomisation.

Variables Mean (SD) / n (%) p
Intervention group Waitlist
control group (n =
(n=17) 17)
Age group 31
65-74 3(18) 3(18)
75-84 10 (59) 6 (35)
85 or over 4 (24) 8 (47)
Sex (Female) 10 (59) 14 (82) 13
Ethnic origin (White) 17 (100) 17 (100) 1.00
Relationship status 25
Single, never married 4 (24) 2 (12)
Single, divorced or widowed 9 (53) 14 (82)
Living apart 2 (12) 1 (6)
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Cohabiting

Highest level of education
No qualifications

Completed National 5s/Standard
Grades/GCSE/CSE/O-levels or
equivalent (at school to age 16)

Highers/Advanced Highers/ AS
levels/A-levels or equivalent (at
school to age 18)

Did not complete National
5s/Standard
Grades/GCSE/CSE/O-levels or
equivalent

Completed post-16 vocational
course

Undergraduate degree
or professional qualification

2 (12)

8 (47)

5 (29)

4 (24)

5 (29)

4 (24)

1 (6)

4 (24)

1(6)

2 (12)

.09

5.4.3 Primary and Secondary Outcomes

Table 5.3 presents the ITT results of all participants’ within-group analyses of pre- and

post-intervention change. For salivary cortisol and DHEA, there was no significant change in

salivary cortisol or the cortisol:DHEA ratio, however, salivary DHEA levels showed a
significant increase [t (17) = -5.25, p <.001]. For anxiety symptoms from the HADS, a
significant anxiety reduction was observed [t (33) = 2.78, p =.01].

For the secondary outcomes, significant improvements were observed in loneliness [t (32) =

2.50, p =.02], and fear of falling [t (33) = 2.11, p =.04]. However, no significant changes were

observed in depression scores, health-related quality of life, perceived stress, sleep

satisfaction, the SPPB total or individual scores, handgrip strength, or Fried Frailty

phenotype.

165



Table 5.3 ITT analysis of all outcome variables.

Variables, desired direction of n Baseline Post- Mean 95% CI p Effect size
effect on health mean intervention  difference (d)
mean

Cortisol (ug/dL), - 18 0.30 0.40 -0.10 [-.34, .15] 41 -0.20
DHEA (pg/mL), + 18 1455.40 2359.21 -903.81 [1267.26, -540.36] <.001* -1.24
Cortisol:DHEA, - 18 0.00028 0.00029 0.00001 [-.00011, .00018] 61 0.12
HADS-Anxiety (0-21), - 34 6.00 4.50 1.50 [.40, 2.60] .01* 0.48
FES (0-21), - 34 5.29 3.47 1.82 [.07, 3.58] .04* 0.36
Dartmouth COOP (6-30), + 34 15.97 14.85 1.12 [-.41, 2.64] 15 0.26
HADS-Depression (0-21), - 34 6.44 6.03 0.41 [-.62, 1.44] 42 0.14
Brief ULS (6-24), - 33 12.27 10.64 1.64 [.30, 2.97] 02* 0.44
PSS (0-40), - 34 12.94 11.56 1.38 [-.84, 3.61] 22 0.22
STT (9-36), + 34 29.61 30.57 -0.96 [-2.79, .86] .29 -0.18
SPPB total score (0-12), + 30 4.67 4.67 0.00 [-.73,.73] 1.00 0.00
SPPB balance (0-4) , + 30 1.87 1.70 0.17 [-.36, .70] 52 0.12
SPPB gait speed (sec) (0-4), + 30 2.17 2.37 -0.20 [-.45, .05] 11 -0.30
SPPB chair stand (0-4), + 30 0.63 0.60 0.03 [-.25, .32] 81 0.04
Handgrip strength (kg), + 30 15.73 16.00 -0.27 [-1.30, 0.76] .60 0.10
Frailty total score (0-5), - 30 2.63 2.63 0.00 [-.20, .20] 1.00 0.00
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Note: FES: Falls Efficacy Scale International (7-item), Dartmouth COOP: Dartmouth Cooperative Functional Assessment Charts measure of
health-related quality of life, HADS: Hospital Anxiety and Depression Scale, ULS: UCLA Loneliness Scale PSS: Perceived Stress Scale, STT:

National Sleep Foundation Sleep Satisfaction Tool. * significance p < 0.05
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5.4.4 Sensitivity analysis

As described above, a sensitivity analysis per protocol on those retained in the study,
which provided data at baseline and post-intervention (n = 27), was conducted. The summary
results in the same format as for the ITT are presented in Appendix 5.3. In brief, the primary
and secondary outcomes largely remained consistent between the ITT and sensitivity
analyses. However, there were slight differences in the effect sizes for anxiety, fear of falling,
and loneliness, with the sensitivity analysis showing slightly larger effect sizes for these
outcomes than the ITT analysis.

5.4.5 Exploring progression to an actual RCT — Mixed methods

The outcomes of these progression criteria, which were recruitment, intervention

fidelity, attendance, retention rates, and safety, are found in Table 5.4: Progression criteria.
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Table 5.4 Progression criteria

Progression Cut-off scores for each Grading with Meaning Recommendations
criteria progression criterion traffic light
system
Recruitment Green (No Concern): Green: Slightly  If the recruitment rate is lower than Additional efforts such as extending the
rates Recruitment meets or exceeds lower than expected but still feasible to achieve recruitment period, implementing

Intervention
Fidelity

169

the expected target. expected but

feasible (94%)
Amber (Minor Problem): The

cut-off for amber is set at
achieving 70-90% of the
expected recruitment target.

Red (Major Problem):
Recruitment falls significantly
below feasibility, with less
than 70% of the expected
target achieved.

Green (No Concern): High Amber: Moderate
fidelity to the intervention intervention
protocol, with minimal or no  fidelity (88%)
deviations observed.

the required number of participants, additional recruitment strategies (such as

additional efforts can be made to  reaching out to more care homes or

improve recruitment. collaborating with other organisations),
intensifying recruitment efforts (e.g.,
increasing advertisement or utilising
referrals), modifying the design to include
those without the capacity to consent can
be considered.

This indicates room for First, strategies can be implemented to
improvement and adjustments in ~ enhance fidelity to the planned frequency,
future implementations to enhance such as making it part of the weekly care
fidelity and ensure closer adherence home routine. Second, efforts should be



Attendance
rate
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Amber (Minor Problem):
Moderate fidelity with some
deviations from the protocol.
The amber threshold is defined
as adherence to 70-90% of the
key elements of the
intervention.

Red (Major Problem): Poor
fidelity with significant
deviations. Less than 70%
adherence to the key elements
of the intervention.

Green (No Concern): High
attendance rates, with
participants attending 75% or
more of the scheduled
sessions.

(56-89%

72% overall

Amber (Minor Problem): attendance)

Moderate attendance, with

Amber: Moderate
attendance rates

depending on the
care home, with

to the intervention protocol.
Attention should be given to
addressing the identified deviations

made to promote adherence to the
randomisation process by providing the
ACs with clear written guidelines and

and barriers to ensure the integrity oftraining. Addressing the identified barriers,

the intervention delivery.

This category signifies participants
completed the intervention or
followed the protocol with minimal
deviations or non-compliance, and
there are some concerns regarding
adherence.

such as providing additional support and
training or allocating a separate ‘exercise
room’, may also improve fidelity. Third,
tracking adherence rather than calculating
it at the end would help identify if
randomisation protocols need addressing
early on.

Continuous attendance monitoring remains
essential to identify any potential barriers
or challenges that may impact attendance in
the future. Ongoing assessment can help
inform adjustments to the study protocol or
provide additional support or reminders, if
necessary, to improve attendance further.



Retention
rate

Safety rates

participants attending 60-75%
of the sessions.

Red (Major Problem): Low
attendance, with less than 60%
attendance.

Green (No Concern): High
retention rates, with 80% or
more of the participants
remaining in the study until its
conclusion.

Green: High
retention rates

Amber (Minor Problem):
Moderate retention, with 60-
79% of participants retained
until the end of the study.

Red (Major Problem): Low
retention, with less than 60%
of participants retained.

Green (No Concern): No Green: No
significant adverse events

reported. events were

reported, with no

Amber (Minor Problem):
Minor adverse events reported,

concerns.

significant adverse proceed as planned without

This indicates that 80% or more Ongoing efforts such as proactive
participants were successfully communication with participants, offering
retained with no immediate concernsincentives or support, and ensuring clear
and suggests that the study expectations and benefits of participation
effectively maintained participant  can further enhance retention rates in future
involvement and minimised attrition studies.

during the 12-week intervention

period.

This indicates that the study can Continuous monitoring allows for
identifying and appropriately managing
potential adverse events, even if they are

minor or expected.

substantial safety issues.
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but these do not significantly
impact the overall safety of the
intervention. The amber
threshold is defined as less
than 5% of participants
experiencing minor adverse
events.

Red (Major Problem):
Significant adverse events
reported, affecting more than
5% of participants, or any
severe adverse event,
regardless of frequency.
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5.5.5.1 Recruitment rates

The recruitment rate of 34 participants falls slightly below the target sample size of 36.
The categorisation as green indicates that while the recruitment rate was slightly lower than
anticipated, it is still considered feasible to attain the desired sample size through additional

recruitment efforts.
5.5.5.2 Intervention fidelity

The ACs in the care homes demonstrated moderate fidelity to the intervention
protocol, with some deviations identified in frequency and randomisation. The overall average
session delivery rate among the care homes was 88% (127 sessions out of the intended 144
sessions, three sessions each week over 12 weeks) over the intervention period. However,
some variability was noted between care homes: one care home delivered 97% of the intended
sessions, a second care home provided even more sessions than intended (119%), while a
third and a fourth care home provided only 78 and 58% of the sessions. Overall, this indicated

moderate fidelity. Quantitative adherence statistics are shown in Appendix 5.4

The variability of adherence among care homes could have resulted from some barriers
encountered during the facilitation of the intervention. From interviews with the ACs
(facilitators of the intervention), circumstances in the care home context made delivery of the
recommended weekly sessions difficult and, in some cases, impossible. For some care homes,
the barriers included a staff shortage, creating additional responsibilities for all staff, poor
internet connection and scheduling of the intervention as part of the busy routines in care

homes.
For example, ACs said:

“No, the three sessions a week didn’t hold very well, but that wasn’t because we
didn’t want to do it, it was because of certain circumstances. We couldn’t do it.
Holidays, people being off sick, staff shortages and things like that. We have to help
out wherever we can and, so if we re not able to do the activities we (ACs) could be
put on care and kind of things like that and so that stopped us from doing it, but we
always try to manage to do at least once or twice a week. We thought that’s better

than nothing”,
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and,

and,

“The Wi-Fi in here was really shocking and we had someone come out to try and fix it.
We bought those Wi-Fi boosters. We bought them for all over here. It’s just [the]
building. That was hard. Unless we had someone that had their hotspot from their
phone, it constantly cut out. It constantly froze. So that was one of the most difficult
things”,

“It was time factor for me. Getting everybody together. If they had visitors in, I had to
wait till their visitors went and then get them together. And | tried to organise, like a
set time, but then when the visitors come in, the visitors are important, so we had to
wait longer and longer, but | would say that, and fitting it in around our other

activities was the only thing”.

Other than the contextual barriers, ACs also reported poor engagement from participants and

influenced weekly sessions’ delivery and frequency. For some participants, poor engagement

was due to cognitive impairment. For others, it was poor physical health, individual

preferences, low motivation, and enthusiasm towards the intervention. To explain the

challenges, ACs said:

and,

and,

174

“I think for some of them, it was as a result of their dementia or things like that. They
have a shorter attention span and sometimes when they 're sitting there, they will all of
a sudden not realise why they 're there. We have (Participant A) in particular who
would always say, “what am I doing here? What am I doing here?” but after we’d
explained to her about a good few times what we were doing, she calms down. So

some of them were just like that”,

“It depended on the mood of the day. You could get one resident that is absolutely

amazing one time and then on another day they just don’t want to do anything”,



“I think some of them (participants) did enjoy the programme and some didn’t. I think
we struggled with the movement sessions. There were a few of them that didn’t really
want to do any kind of dances or a lot of the movements, but they loved the singing

>

ones, they absolutely loved them’
One participant also said,

“Well, I'm just not as able as I was. I think it’s a struggle to me now, even getting up
and about. It just changed overnight. 7 like to do it but sometimes I'm just not able,

like last night, I just wasn’t well at all.”

Despite the deviations in frequency per week, it is noteworthy that once a session was
conducted, the ACs adhered to the planned intervention components, including duration and
intensity. This suggests a level of commitment to maintaining fidelity within the delivered
sessions. Also, from the interviews, ACs reported that the intervention has gradually been
integrated into the care home routine and expressed interest in its continuity. The statement

below from one AC showed positive acceptability and satisfaction with the intervention:

“We are going to continue using it, we are going to continue it as much as we can. |
mean if we don’t get it all the time, if we 're only able to maybe do the once or twice a
week or even if it only goes down to one, it’s still going to get done. It’s part of the

curriculum now, so it’s going to stay”.

However, it is essential to re-emphasise that none of the care homes followed the waitlist
control group randomisation process as instructed in the protocol, indicating low fidelity in

that aspect.

To improve adherence and participation among participants, ACs adopted mechanisms that
made facilitation easier in their respective care homes, irrespective of the difficulties at the
onset of the intervention and the challenges during the intervention period. For some care
homes, the ACs joined in the sessions to help motivate and maintain enthusiasm. For other
care homes, it was adding it to the schedule and telling visitors ahead of time when sessions

would start. In line with this, ACs said:

“Sometimes, not always, it was easy to get them back to continue the sessions. We just
kind of started dancing with them and kind of danced them back towards where they

were. It was kind of sneaky but we liked it”,
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and,

“I think when we (ACS) are up moving about more instead of sitting and doing the
exercises they 're more inclined to get involved. Even though I'm sweating at the end

of it, they re more inclined to enjoy it. I think they get a good laugh out of it ”,

and,
“Well, I spoke to some of their families, and they said don’t worry about it just come
and get her (participant) if she’s to go to that (intervention session). It’ll be fine and
so the families were really good”,

and,

“Probably like doing it with them. I wasn’t like just letting them do it by themselves |

was actually involved and liked engaging with them”.
5.5.5.3 Attendance of participants

Although the intended controls received the intervention, the ACs provided no data on
these participants’ retention or attendance rates. Therefore, the data provided below, and in
Appendix 5.4, consists of the residents initially randomised in the intervention group. The
mean participant attendance rate out of the possible total number of sessions delivered, thus
available to them in one care home, was 82%. In another care home, it was 60%; in the third
care home, it was 89%; and in the fourth care home, it was 56%. Attendance of participants
was influenced by several factors, including personal, social and the intervention design as
described above. In addition, the interviews from both residents and ACs revealed that
participants’ positive engagement in the programme was motivated by their personal history
and the memories the intervention brought back, the conversations it started and the
opportunity to do something different. Participants said:

“Well, it’s easy dancing, so you can do that. I quite liked getting a bit of fun out of

it”,
and,

“I liked the singing, I liked us all singing together and people up dancing”,
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and,

and,

“It was past the morning and it was something to do, something to listen to rather
than just sitting up here doing crossword. It brought us all together and we all got up,
we danced and it was a good atmosphere. | thought it brought everybody together and

so it was a good change from just sitting in here doing nothing”,

“l used to be a singer. | am good at singing and so | was happy to join the

programme”

In support of how well participants accepted the intervention, ACs said:

and,

and,

“I must admit they liked Alan the singer. When we put that up, they get really involved

in. The exercises they 've done but not with the same gusto as the singing”,

“Oh definitely, because sometimes they’ll come and say, “what time are we doing that
thing at the day”’? They don’t say danceSing. It is good that they looked forward to

it”,

“...because even when they re dancing with you, they start chatting away to you as
well, and when they 're doing certain songs, they’ll say, “I did this such a time”. They
remember when they 've heard a song, which is kind of cute. The songs brought back

good memories”.

Participants in these care homes demonstrated a commendable commitment to completing the

intervention or following the protocol as instructed. With attendance rates at 72% overall, the

relatively high adherence rates suggest that participants actively engaged in the intervention

activities as intended, increasing the likelihood of achieving the desired outcomes.

5.5.5.4 Retention rates

During the 12-week intervention period, one participant of the intended intervention

group discontinued the intervention. This signifies a high retention rate, with most
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participants retained throughout the study. The retention rate of 94% reflects a strong

participant engagement and commitment to the study.

Other than engagement, commitment and other factors that influenced participant attendance,

and the high retention rate in this study can also be attributed to the perceived impact of the

intervention on their physical and psychosocial well-being. Participants and ACs described

the benefits of the intervention as boosters that fuelled participation and continuity throughout

the intervention period. Specifically, one participant said:

“I think I am getting a little bit stronger. The fear is going away and I want to try

things”

Also, ACs explained the impact of the intervention by saying:

and,

and,

and,
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“It was good. It was good because they (participants) improved a lot. Like, I had one
resident downstairs, if she’s not doing something, she’s overthinking. When she wasn’t
in the programme, she was overthinking but because she distracted herself with the
dance and singing, it made her happy because she was quite depressed. So, it was
good for some residents obviously. It distracted them from overthinking by doing

something else and by moving about. So, I think it’s a really good programme”,

“It helped them to move a lot more and obviously coming down and socialising in a

group”,

“It was good. It was getting a lot of them together including those that weren’t
involved in the research. It was good to see everyone being engaged and taking part in

the programme. It brought them together”,

“Well, they were a lot happier, they were upbeat, they had a laugh... And they spoke

about it afterwards. They were very enthusiastic, put it that way”,



5.5.5.5 Safety rates

Throughout the intervention period, no significant adverse events were reported
among the participants. This indicates a favourable safety profile, with no adverse events of

significant concern observed during the study.
5.4.6 Ancillary analyses

The between-group ANOVAs with post-hoc comparisons revealed no significant
differences across adherence groups (groups were: low adherence at 58%, moderate
adherence at 78%, and high adherence at either 97% or 119%) on change scores of the study
outcomes, except for the Dartmouth COOP health-related quality of life scores [F (2,33) =
4.52, p = .02]. Subsequent post-hoc tests revealed that this score was significantly different in
the low adherence group compared to both the moderate (p = .01) and high (p = .04)
adherence groups. Scores stayed the same in the low adherence group but improved slightly in

the moderate and high adherence groups.

As anticipated, due to theoretical links between these constructs, results from the correlation
analyses (see Appendix 5.5) revealed several noteworthy associations, including reductions in
fear of falling linked to enhanced quality of life, reduced anxiety and depression, decreased
feelings of loneliness, lowered perceived stress, and improved sleep satisfaction. Further,
significant associations were detected between frailty and sleep satisfaction. An improvement
in SPPB scores related to an increase in anxiety, however, the mean change in SPPB was

Zero.
5.5 Discussion
5.5.1 General discussion

The primary aim of this pilot RCT was twofold: 1) to evaluate the efficacy of a digital
movement and music intervention within care home settings and its subsequent impact on a
range of health and well-being outcomes; and 2) to decide whether and how to proceed with a
future definitive randomised controlled trial. The main findings revealed a significant increase
in salivary DHEA levels and reduced anxiety, loneliness, and fear of falling. The study’s
qualitative insights also provided a deeper understanding of the intervention’s progression
criteria. Participants expressed enjoyment and appreciation for the opportunity the
intervention provided to come together, fostering a sense of community and shared
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experiences. The music component of the sessions was a favourite, evoking positive
memories and emotions. However, the implementation of the intervention faced challenges,
including time constraints due to care home routines, understaffing, and technical issues like
unreliable Wi-Fi connections. The trial’s analysis was complicated by care homes’ non-
adherence to the waitlist control condition, resulting in all participants receiving the

intervention simultaneously.

The finding of a significant increase in salivary DHEA levels aligns with studies highlighting
the positive effects of PA on older adult’s endocrine function, specifically the improvement of
DHEA levels even in small samples (De Nys et al., 2022; Heaney et al., 2014; Zouhal et al.,
2022). Such increases have been associated with improved immune function, enhanced
cognition, and reduced risk of chronic diseases of older adults (Kroboth et al., 1999; Maninger
et al., 2009; Phillips et al., 2010b). The lack of significant change with PA in cortisol levels
contrasts with previous literature showing that PA improved cortisol output (Anderson &
Wideman, 2017; De Nys et al., 2022; Duclos & Tabarin, 2016; Fragala et al., 2011).
However, this could be explained by this study’s lack of statistical power and/or the fact that
training intensity has to exceed 60% VO2 max to impact the HPA axis (Caiozzo et al., 1982;
Hill et al., 2008), and the current digital PA intervention was of lower intensity. It is also
suggested that the exercise effects on the HPA axis differ from person to person and depend
on the person’s personal choice of PA, needs, values and circumstances (Bouchard et al.,
1994; De Nys et al., 2022; Kubzansky et al., 1999). More person-tailored interventions and
objective metrics like heart rate monitors could provide more accurate insights into the

programme’s intensity.

Further, a single daily measurement of saliva was opted for, a decision driven by practical and
financial constraints. While a single sample in the morning is often and reliably used to assess
diurnal secretory activity to assess within-subject variations over a certain period in an older
population (Kraemer et al., 2006), this approach does not comprehensively reflect the diurnal
fluctuations of cortisol nor account for inter-individual day-to-day and intra-individual
variations, especially within a smaller sample (Coste et al., 1994; Pruessner et al., 1997). To
gain a more nuanced understanding of cortisol dynamics and its relationship with DHEA,
future studies should integrate multiple measurements across consecutive days (Segerstrom et
al., 2014).
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The research also indicated a significant reduction in anxiety symptoms post-intervention,
reinforced by qualitative findings of participants experiencing diminished ‘fear’. This aligns
with literature emphasising the benefits of PA on mental health parameters, specifically
anxiety (Ofosu et al., 2023; Stonerock et al., 2015). PA has been shown to reduce anxiety
symptoms through multiple mechanisms: improved brain circulation, increased release of
endorphins, and enhanced self-efficacy (Petruzzello et al., 1991). The care home environment,
where residents might often feel confined or limited in their autonomy (Moilanen et al.,
2021), could heighten feelings of anxiety. Thus, interventions that encourage movement and

social interaction might offer considerable benefits in reducing such feelings.

The non-significant present findings for depression symptoms contrast with some previous
studies. While numerous studies have highlighted the antidepressant effects of PA (Barbour et
al., 2007; Blumenthal et al., 2007), the results did not indicate a significant change in
depression levels post-intervention. It is worth considering the intervention’s duration,
intensity, or the specificities of the current cohort, which may account for the lack of observed
change (Ofosu et al., 2023). Although changes in anxiety were statistically significant, in this
cohort, the baseline mean scores for both anxiety and depression fall within the "normal”
range. This could imply that participants had relatively low levels of these symptoms to begin
with, making significant reductions more challenging to achieve. This supports the hypothesis
of a potential floor effect contributing to the absence of a significant change in depression
scores (Djukanovic et al., 2017). Additionally, the chronicity and aetiology of depressive
symptoms in a care home population might be multifactorial (Milne, 2016), requiring

interventions beyond PA.

One of the most intriguing findings was the disparity between psychological well-being
improvements and the lack of significant changes or substantial effect sizes in physical
function tests and frailty markers. The significant improvements in well-being markers echo
the idea that psychosocial factors, like social engagement in group-based PA, play a critical
role in older adults’ mental health (Holt-Lunstad et al., 2015; Sebastido & Mirda, 2021). On
the other hand, the lack of improvements in physical function and frailty was surprising, given
substantial evidence of the benefits of PA on physical function and frailty in other research
(Dugan et al., 2018; McPhee et al., 2016; Mollinedo Cardalda et al., 2019; Morucci et al.,
2022; Paterson & Warburton, 2010). This intervention might not have improved these
measures due to the limited tailoring and intensity of the programme. Research showed that
different types of physical exercise yielded varied effects on frail institutionalised older adults’
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cognitive state, functionality, and general health, suggesting that a tailored approach could be
more effective (Mollinedo Cardalda et al., 2019). There is also a shown correlation between
higher levels of PA and reduced risks of functional limitations, disability, and cognitive
impairments, implying that interventions with higher intensity could potentially yield better
outcomes in older adults (McPhee et al., 2016; Paterson & Warburton, 2010). Given this,
future interventions may need to be more tailored to the individual and aim to employ

strategies to ensure higher intensity is achieved when performing the activity sessions.

Feedback from the participants highlighted the added value of the music and dance
components. These elements have been successfully integrated into intervention programmes
for older adults, improving balance, physical function, muscle strength and endurance
(Hwang & Braun, 2015; Liu et al., 2021; Rodrigues-Krause et al., 2019; Sooktho et al., 2022;
Vordos et al., 2017). Concurrently, the profound emotional resonance of music, with its
capacity to evoke cherished memories and stimulate dopamine release, has been previously
identified as a powerful tool for enhancing mental well-being (Bromberg-Martin et al., 2010;
Dingle et al., 2021; Jakubowski & Eerola, 2022; Menon & Levitin, 2005). This was also
noted during the interviews, where participants highlighted their enjoyment of the music
components, suggesting these played an essential role in the positive outcomes observed.
Beyond their direct benefits, the music and dance elements may also have acted as motivators,
potentially increasing participation and commitment to the programme, as studies in older
adults have found that adding music to PA can increase enjoyment and, as a result,
participation in PA programmes (Clair, 1996; Priest et al., 2004). Thus, combining music and
movement in intervention programmes holds promise for future research programmes

targeting older adults’ well-being.

The qualitative analysis revealed recurrent barriers and facilitators influencing intervention
efficacy, mirroring findings from other studies, such as logistical challenges and staff
enthusiasm (Hoben et al., 2017; Nocivelli et al., 2023). Participant feedback emphasised the
acceptability of the programme. However, some suggested tailoring for enhanced
engagement, such as using motivational facilitators to make the programme fun and sociable
with relevant short-term benefits, aligning with previous findings (Devereux-Fitzgerald et al.,
2016) or strategically incorporating the programme part of the weekly care home schedule,
with advance notice of session commencement times. Organisational culture in care homes
and ACs’ support levels critically impacted intervention fidelity, underscoring the need to
foster a conducive organisational environment (Caspar et al., 2020; Nakrem, 2015).
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5.5.2 Strengths and limitations

This study has several strengths, such as adopting a mixed-methods approach, lending
depth and granularity to the insights, and facilitating a holistic understanding of the
intervention’s impact and implementation. Further, the use of progression criteria as
guidelines helped identify potential challenges and develop solutions to improve the quality
and feasibility of the intervention (Mellor et al., 2023). However, it is important to
acknowledge certain limitations. The control group’s non-adherence to the waitlist condition
caused a deviation from the protocol and compromised the ability to make direct
comparisons, forcing reliance on within-group analyses. This provides a strong rationale for
using cluster-randomisation in a future RCT and adjusting the sample size accordingly.
Further, while not uncommon in these settings recruitment challenges may have introduced a
selection bias and produced underpowered results (Witham & McMurdo, 2007). Therefore,
effect sizes are presented alongside p-values, and it is recommended that these results be
interpreted cautiously. Nevertheless, the consistency of the observed outcomes in ITT and
sensitivity analyses makes the results more reliable. However, the variance in effect sizes
between the two analytical approaches for specific outcomes underscores the significance of
accounting for participant adherence and attrition in future research. This variance emphasises
that participant engagement and adherence factors may moderate the intervention’s potential
benefits. Further, the study’s scope was limited to 12 weeks. A more extended observation
period might provide deeper insights into the sustainability and long-term effects of the
intervention. This concern was also raised in a preliminary systematic review regarding the
effects of PA on cortisol and DHEA(S) in older adults (De Nys et al., 2022), although
adopting a longer duration was out of scope for the present study.

5.5.3 Future directions to progress to an RCT and future research

This study emphasises the potential benefits of PA interventions in care homes,
especially when enriched with music and dance components. The study’s application of the
Red Amber Green (RAG) progression criteria offers valuable insights for future trials. The
recommendations about recruitment, programme fidelity, attendance and retention rate and
safety are outlined in Table 4. However, several critical future directions should be
emphasised. First, the experience with non-adherence from the control group underscores the
significance of robust protocol adherence mechanisms. Future studies should prioritise

establishing strict guidelines and transparent communication channels between researchers
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and involved care home staff. Regular audits, complemented by frequent check-ins, can
ensure the consistent application of the study protocol across care homes. Alternatively, as

suggested above, cluster-randomisation could be used.

Second, the care home staff play an integral role in the successful deployment and fidelity of
interventions. Hence, ongoing training, mentorship, and support are of paramount importance.
Future studies should focus on initial training sessions followed by regular refresher courses
and workshops. Creating an accessible helpline or a designated liaison for care homes with
researchers or programme instructors may provide immediate solutions to challenges,
bolstering staff confidence and adherence to the study design. Third, the ancillary analyses
showed that adherence levels in care homes significantly affected the Dartmouth COOP
health-related quality of life scores, demonstrating improvement only in moderate and high
adherence groups, contrasting with a stable score in the low adherence group. These findings
accentuate the importance of future studies adhering to the prescribed three sessions per week
to maximise intervention benefits. Correlation analyses revealed that reductions in the fear of
falling were significantly associated with several enhanced physical and psychological well-
being indicators. These observations suggest future interventions could research further the
interplay between physical health (e.g., frailty, SPPB scores) and psychological well-being
(e.g., quality of life, fear of falling, anxiety levels). Finally, the reassuring safety profile, high
participant attendance, and retention rates observed pave the way for subsequent larger-scale
RCTs sufficiently powered to explore the intervention’s efficacy. Although the study design
utilised a generalised approach to the digital movement and music intervention, the responses
among participants highlighted the potential benefits of personalisation. Future research
should consider methods for individualised customisation, ensuring that interventions are
tailored to each participant’s unique needs, preferences, and physiological responses.
Employing adaptable digital platforms, offering a range of activities within the digital PA
sessions or interactive features that encourage personalised engagement could facilitate this

customisation.
5.6 Conclusion

The study contributes insights into implementing tailored digital PA interventions in
care homes. Preliminary significant findings over time emphasise the programme’s positive
influence on resident well-being, as evidenced by enhanced salivary DHEA levels, reduced

anxiety and other well-being markers. Specific recommendations regarding recruitment and
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programme fidelity strategies were made to proceed to a subsequent full-scale RCT. For
recruitment rate, additional efforts such as extending the recruitment period, intensifying
recruitment efforts, and modifying the design to include those without the capacity to consent
can be considered to achieve the required number of participants. Regarding intervention
fidelity, strategies to enhance adherence to the planned frequency and randomisation process
were proposed, including making the intervention part of the weekly care home routine,
providing clear guidelines, and training for ACs. Addressing identified barriers through
additional support and allocating a dedicated ‘exercise room’ were also recommended.
Further, more proactive adherence tracking could help in early identification and address any
deviations from randomisation protocols. These results underline the potential for this digital
PA intervention to shape subsequent research and the practical application of similar
interventions in care settings, fostering a more multi-dimensional and evidence-driven

approach to care home interventions.
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Chapter 6: Discussion and Conclusion
6.1 Summary of main findings

This PhD thesis explored the impact of PA on cortisol and DHEA(S) regulation, sleep
quality, physical function and well-being in older adults, focusing on those in care homes.
Further, it advanced the understanding of how a digital music and movement intervention

could be implemented in care homes.

In the first systematic review and meta-analysis (Chapter Two), findings suggest that regular
PA could beneficially reduce cortisol levels and increase DHEA(S) levels in older adults. This
conclusion is based on evidence of low to moderate quality. Subgroup analyses showed no
significant differences between males and females, exercise modalities, or health states. It was
concluded that regular PA of older adults' own choice that they find enjoyable may be
recommended to improve cortisol and DHEA(S) levels. However, the review identified a
need for more research and higher-quality evidence on the mechanisms behind the effects of
PA on cortisol and DHEA(S) levels in older adults.

The second systematic review and meta-analysis (Chapter Three) explored how PA affects
cortisol and sleep in adults. It indicated that PA could effectively lower cortisol levels and
improve adult sleep quality, with moderate to low certainty evidence. However, the included
studies were predominantly conducted on women with breast cancer; few males or older
adults were included. Therefore, caution should be exercised when generalising these findings
to the population. Thus, PA programmes may improve adults' cortisol regulation and sleep
quality. However, more research is needed to fully understand the relationship between

cortisol, sleep, and PA, particularly in males and older adults.

The feasibility study (Chapter Four) demonstrated the feasibility of the digital music and
movement intervention. However, the intervention delivery was challenged by COVID-19
restrictions in care homes and other challenges, including motivation and engagement,
changes in cognitive impairment and disabilities of the participants, death or hospitalisation of
the participants, and limited staffing and technology resources. Despite these challenges,
group participation and encouragement from the ACs supported the delivery and acceptance
of the intervention, made evident by focus groups and interviews. Exploratory pre-post
analyses of the investigated outcomes showed improvements in anxiety, depression,

loneliness, perceived stress, and sleep satisfaction. However, there were no changes in fear of
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falling, general health, or appetite. Based on these findings, it was concluded that the

intervention was feasible, thereby justifying proceeding to a more extensive pilot RCT.

The pilot RCT (Intervention Two, Chapter Five) evaluated the effects of a revised 12-week,
online-delivered music and movement intervention on the well-being of care home residents.
In contrast to the preliminary feasibility study, this study additionally explored physical
function using various tests, including frailty indicators in older adults and salivary hormone
markers (cortisol and DHEA). It also included qualitative data from interviews and focus
groups. Due to implementation problems across the four care homes that only became evident
during the follow-up qualitative interviews with staff and residents, it became apparent that
this study, in fact, had no formal control group despite initial random allocation and
explanation of how a waitlist control group works. This meant that analyses were confined to
a pre-post intervention comparison across all participants rather than between groups
(intervention versus waitlist control) comparison of pre- to post-intervention change. The
primary outcomes showed a significant change over the intervention period, with an increase
in DHEA and a decrease in anxiety but no change in cortisol or the cortisol:DHEA ratio.
Regarding secondary outcomes, the study showed significant improvements in loneliness and
decreased fear of falling in care home residents. However, there were no changes in
depression, perceived stress, sleep satisfaction, general health, physical function or frailty
markers. Also, the study assessed progression criteria to proceed to a full-scale RCT. This
provided insights into improving recruitment rates and intervention fidelity among the ACs,

attendance of participants, retention rates and safety.

Overall, this PhD project elucidated the impact of PA on cortisol and DHEA(S) levels, sleep,
and well-being in older adults, particularly those residing in care homes. It has also
demonstrated the feasibility of a digital music and movement intervention in the complex care
home setting while identifying important challenges that need to be addressed for potentially
better effects. While this PhD project advances our understanding of PA's role in older adults’
health, especially in care home settings, it also underscores the necessity for further research.
Future studies are required to further investigate the mechanisms driving the observed effects
and to refine the intervention design for a full-scale RCT. The insights hold promise for
enhancing care practices and informing policy, particularly regarding integrating digital

interventions for promoting physical and mental well-being among older adults in care homes.

187



The first section of this Discussion will delve into the PhD project's critical considerations.
The following sections will address the selection of participants and setting of this project, the
PA interventions employed, and the outcomes and measurements used. The final part suggests

future directions and the potential societal impact.
6.2 Critical considerations of the PhD project
6.2.1 Adaptations to the PhD project due to COVID-19 and cognitive impairment

This PhD project underwent substantial methodological adaptations in response to the
COVID-19 pandemic, particularly in conducting the interventions in care homes (detailed in
Appendix 4.1). These changes reflected the evolving literature advocating for flexible
research designs in response to global health emergencies (Akacha et al., 2020; Lauffenburger
et al., 2022). The pandemic constrained in-person evaluations in the feasibility study (Chapter

Four), limiting the depth of data from interviews, focus groups, and physical assessments.

The intervention research involving the implementation of a PA programme in care homes
can be considered in four phases: development of an intervention, assessment of the
feasibility of the intervention, evaluation of the intervention, and implementation (Skivington
et al., 2021). The intervention implementation during this PhD project encountered several
challenges, such as limited engagement of some of the involved ACs, motivation difficulties
and changes in cognitive impairment of the participants, and limited resources and time
constraints, all of which may have impacted the current findings. These concerns are echoed
by a recent systematic review of PA programmes in care homes (Agbangla et al., 2023). This
is investigated in depth in the conducted realist evaluation of Intervention One (Chapter
Four). The experienced changes in cognitive impairment underscore the need for future
research to explore strategies to enhance participant engagement and adapt interventions to
the cognitive capacities of older adults. Therefore, future studies should consider these

challenges when working with cognitively impaired individuals and/or those lacking consent.
6.2.2 Generalisability and interpretation of the findings

Despite the unprecedented challenges posed by the pandemic, this PhD thesis offers
new insights into the role of PA's impact on healthy ageing (for reviews on this topic, see
(Chodzko-Zajko et al., 2009; Daskalopoulou et al., 2017)). It extends the understanding of
PA’s impact on the endocrine system (Kraemer et al., 2020; Kraemer & Ratamess, 2005;

188


https://sciwheel.com/work/citation?ids=13603974,15377266&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=13603974,15377266&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=12024495&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12024495&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=15040709&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=4478347,12721604&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=9507693,10432657,605955&pre=&pre=&pre=&suf=&suf=&suf=&sa=0,0,0&dbf=0&dbf=0&dbf=0

Sellami et al., 2019), anxiety and depression (Bigarella et al., 2022; Catalan-Matamoros et al.,
2016; Schuch et al., 2016; Singh et al., 2023; Stubbs et al., 2017), and physical functioning
(Nusselder et al., 2008; Paterson & Warburton, 2010).

The findings, particularly regarding cortisol and/or DHEA(S) levels (De Nys et al., 2022a; De
Nys et al., 2022b), and anxiety and depression (Ofosu et al., 2023), align with this existing
body of work, however, also reveal research gaps. These include limited changes in physical
function and endocrine markers in care home settings as seen in Intervention Two (Chapter
5), warranting further investigation. The reasons for these remain elusive but could potentially
stem from the fact that the studies were designed and powered to assess feasibility and
progression to a full-scale RCT rather than to assess efficacy. The reliance on self-reported
measures for specific outcomes, such as sleep quality and mental well-being, may also have
introduced biases, which is further discussed in Section 6.5. Additionally, using single
morning cortisol measurements, while practical, did not capture the full diurnal variation, thus
limiting the understanding of cortisol rhythms. Further, the observed impact on mental well-
being rather than physical or physiological systems suggests that the digital music and
movement intervention might have been more effective in enhancing motivation and pleasure

in group participation. These limitations are discussed in Section 6.5.

Recent research underscores the consideration of inter- and intra-individual differences
among older adults for the heterogeneous ageing process (Brach et al., 2023). These
variations highlight the need for rigorous study designs, especially in assessing the efficacy of
interventions. The challenges in data collection and participant diversity observed in this
study reflect a broader issue in gerontological research, necessitating improved recruitment
strategies and assessment tools (Brach et al., 2023; Gichu & Harwood, 2023). The feasibility
study discussed the assessment tools used (Chapter Four and Appendix 4). Further,
Intervention Two (Chapter Five) elaborated on recruitment strategies, as this was highlighted

as a potential issue in future RCTSs.

In addition, the demographic profile of the study participants, primarily older adults of white
ethnicity in Scottish care homes, limits the generalisability of the findings to other settings
and populations. There are distinct neuropsychological and cognitive differences across ethnic
groups, highlighting the need for more inclusive and culturally sensitive study designs in
older adults (Werry et al., 2016). However, this can be challenging in Scotland outside the

main cities where diversity is limited. This limitation is particularly relevant given the cross-
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cultural differences in attitudes towards ageing and dementia care (Ackerman & Chopik,
2021; Sayegh & Knight, 2013). Thus, future research should focus on diversity in participant
recruitment and develop methodologies that reflect the wide spectrum of ageing experiences

across different cultures and ethnic groups.

The role of personalised PA recommendations in enhancing daily activities and functional
capacity of older adults is evident (Izquierdo & Singh, 2023). However, the global low
adherence to these guidelines (Garcia-Hermoso et al., 2023; Gomes et al., 2017) emphasises
the need for strategies that reduce sedentary behaviour and promote PA. Future research
should focus on developing and testing tailored interventions that effectively address the
unique needs and preferences of older adults in these settings.

An integrated approach of "sitting less and moving more," holds promise for mitigating
cardiovascular risk factors and improving well-being. Rather than focusing solely on
accumulating a specific duration of exercise, the emphasis should be on reducing passive
sitting time and gradually increasing light-intensity activities, which can serve as a starting
point for individuals, e.g. those with compromised cardiovascular health (Dunstan et al.,
2021), multimorbidity (Dogra et al., 2022) and frailty (Del Pozo-Cruz et al., 2017). By
integrating more movement into daily lives, older adults can enhance functional capacity,
physical conditioning, and overall PA levels, ultimately benefiting their health (Garcia et al.,
2023; Warburton & Bredin, 2017).

An effective strategy could be implementing a "staircase" approach, starting with reducing
and interrupting sitting time, gradually increasing light-intensity PA, and eventually
progressing to moderate-vigorous-intensity activity (Dunstan et al., 2021). Such an approach
can be adapted to various settings, providing a feasible pathway for older adults to enhance

their PA in an achievable and sustainable manner.

Although further research and evidence are needed to refine guidelines and understand the
optimal dose-response relationships for sedentary behaviour, PA, and optimal health, the
music and movement intervention validated throughout this PhD project could be used as a
practical tool to reduce and interrupt sitting time in care home residents, while also improving
other health markers. Admittedly, to test this formally, researchers would need to implement
accelerometry to assess the impact of the intervention on sedentary time, which was different
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from the initial aims of the intervention studies reported here but is an area of potential future

research.
6.2.3 Impacting older adult behaviour in complex care home situations

The influence of physical and social environments on human behaviour is well-
recognised (Davies et al., 2014). Consequently, modifying these environments holds potential
as a catalyst for behavioural change (Das & Horton, 2012). While these aspects were not the
focus of the current interventions, they represent critical areas for future research. Notably,
studies with older adults have shown that many behaviour change techniques effective at
increasing PA in younger adults, such as self-regulatory or planning principles, may have
more limited success in an older population (French et al., 2014). An explanation is that older
people find self-regulatory behaviour change techniques more cognitively challenging or less
acceptable. Recent studies echo the suggestions of this PhD thesis to utilise exercises that are
social and enjoyable and tailor the programme to an individual’s needs (Cross et al., 2023).
Future studies could elaborate on behaviour change techniques for successful programme
implementation in care homes. A proposed starting point for researchers is providing an
overview of empirical research on behaviour change techniques such as self-efficacy (Bill et
al., 2023).

The concept of "choice architecture,” which posits that behaviour changes can be induced by
altering the environments in which individuals make decisions, has been a longstanding area
of focus in psychological and behavioural sciences (Marteau et al., 2011). These findings
suggest that choice architecture interventions may improve health behaviours by altering the
environments or contexts (Hollands et al., 2013). The digital music and movement
intervention evaluated during this PhD project could be considered a choice architecture
intervention. This is because the research team, in collaboration with the DSC team and ACs,
modified the care home environment to encourage PA. This was achieved without being
excessively prescriptive or restrictive. For instance, residents were automatically enrolled in
the exercises as the programme took place in the communal living room unless they opted
out, thereby establishing a default choice that fosters PA. In addition, ACs were instructed to
engage with residents, prompting them to participate. Further, equipment barriers were

addressed to minimise friction.
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This concept was further explored in the realist evaluation conducted as part of this PhD
project (Ofosu et al., 2023), where the given context (or the set of pre-existing conditions)
was identified as a critical component in the trial implementation. The method of realist
evaluation used in this feasibility study followed a context (C), mechanism (M), and outcome
(O) configuration (Pawson & Manzano-Santaella, 2012). This approach has reinforced the
refinement of future trial implementation, thereby underscoring its utility in developing
complex care interventions. Researchers who design and test interventions in the inherently
complex environment of care homes should address the parameters of ‘what works, for whom,
under what circumstances, and how'. While often overlooked, these considerations are critical
for successful trial implementation (Moore et al., 2015). Future studies can yield more precise

and applicable results by including these parameters, significantly contributing to the field.

In conclusion, environmental modifications in care homes can effectively promote PA. Future
research should focus on co-creating interventions with care home residents and staff for more
effective implementation (Jepson et al., 2023). The challenges encountered, such as staffing
issues, highlight the need for future research to explore personalised strategies and co-created

designs, tailoring interventions to the unique dynamics of care homes.
6.3 Participants and setting
6.3.1 Participants

This thesis contributed to the literature on the benefits of PA (Chodzko-Zajko et al.,
2009; de Souto Barreto et al., 2016), responding to recent calls for integrating PA into older
adult care (Izquierdo & Singh, 2023). However, conducting research in care homes, especially
among residents with cognitive impairments, presents unique challenges. These include
difficulties in structured interviews and questionnaire completion (Kutschar et al., 2022;
Towers et al., 2023, 2021). Such complexities necessitate accessible formats such as proxy
guestionnaires and easy-read versions to accurately assess quality of life, a key aspect of care

improvement and benchmarking (Aznar et al., 2021).

This research did not find significant sex disparities, contrasting with existing literature on
age-related hormonal changes (Laughlin & Barrett-Connor, 2000). Prior observations indicate
distinct cortisol: DHEA(S) patterns in ageing women due to lower levels of DHEA(S) (Berr et
al., 1996; Mazat et al., 2001; Zumoff et al., 1995) and higher levels of cortisol (Zhao et al.,

2003). This underscores the necessity for future studies to explore sex-specific physiological
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responses to PA. In addition, a recent longitudinal study has uncovered notable sex disparities
in the adherence levels to moderate to vigorous PA among community-dwelling older adults
(Chen et al., 2023). However, the findings of this thesis did not extensively investigate the
impact of sex on adherence due to the low sample size. Recognising the growing evidence of
sex differences in health outcomes, future studies should prioritise this area to develop more

tailored intervention strategies (Chen et al., 2023).

Additionally, the ethnic homogeneity of our study participants, predominantly white due to
the demographic profile of Scottish care homes (GOV.UK, 2023) highlights a diversity gap.
Understanding ethnic variations in affect and stress biology is vital (Deer et al., 2018). Future
studies should aim for greater ethnic diversity, incorporating broader demographic groups and
considering socioeconomic and cultural factors to enhance the external validity and

applicability of the findings.
6.3.2 Setting

The feasibility study of this thesis confirmed the potential applicability and efficacy of
the digital music and movement intervention in care homes, agreeing with existing literature
(Diener et al., 2022; Guzman-Garcia et al., 2013; Low et al., 2016; Vankova et al., 2014).
These findings align with recent systematic reviews underscoring the positive impact of PA
programmes in care home settings (Agbangla et al., 2023). This digital music and movement
intervention, emphasising motivation and pleasure to increase overall PA in daily life, group
participation, and personalised exercise routines, aligns with recommendations for older
adults’ PA in care homes (de Souto Barreto et al., 2016). However, there are several
implementation challenges for these resources in care homes (Granja et al., 2018). The
feasibility study (Intervention One) elaborates on this. It underscores the need for future
research to consider resource availability, social support, and contextual differences within

care home environments (Ofosu et al., 2023).

Given the geographical scope of the conducted studies, caution must be exercised when
generalising these findings beyond Scottish care homes. Different settings or regions may
entail different challenges. Further, the studies acknowledged that larger sample sizes could
yield more robust and reliable results, and both intervention studies encountered recruitment
challenges. The pilot RCT elaborated on these challenges, suggesting additional efforts can be

considered, such as extending the recruitment period, implementing additional recruitment
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strategies (such as providing an in-person taster session in each care home, reaching out to
more care homes or collaborating with other organisations), or intensifying recruitment efforts
(e.g., increasing advertisement or utilising referrals). Proper recruitment rates are essential in
clinical trials, as failure to achieve the predetermined sample size can lead to trial extensions
or compromised statistical power (Bell et al., 2018). In publicly funded trials in the UK, 45%
of trials fail to reach their intended target sample size (Sully et al., 2013). The feasibility
study's insights into the digital music and movement intervention in care homes underline the
importance of addressing implementation challenges and recruitment strategies in future

research, ensuring broader applicability and more robust evidence.
6.4 Intervention
6.4.1 Evaluating the interventions

The systematic reviews used the FITT-D framework (Frequency, Intensity, Type,
Time, Duration) to assess different exercise interventions (Burnet et al., 2019). This
framework provides a structured approach and covers essential dimensions like training
frequency, workout intensity, exercise type and time, and intervention duration. It further
highlights the varied efficacy of PA in older adults. However, the effects can vary
significantly, especially among older adults with multimorbidity, suggesting a more complex

relationship between PA and health outcomes in different age groups (Fessler et al., 2023).

The danceSing Care intervention aimed to align with effective intervention characteristics and
recent PA guidelines for care homes (de Souto Barreto et al., 2016). It spanned an initial
duration of 12 weeks, with 3-4 sessions weekly and session durations from 20 to 40 minutes,
which included balance and aerobic exercises. This design was intended to cater to the diverse
abilities and preferences of participants.

The current evidence base suggests that any form of safe PA, regardless of its specific type or
intensity, can improve health outcomes in older adults (Bull et al., 2020). This finding
underscores the value of creating physical exercise programmes tailored to older adults’
unique preferences and needs. A systematic review further supports this concept of
individualised intervention design (King et al., 1998). The findings from this PhD thesis
reinforce the notion that PA is an effective strategy for enhancing well-being in older adults,

including those with existing (multi)morbidities. This conclusion aligns with the growing
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consensus that the benefits of PA generally outweigh the risks, even for chronically ill or frail
populations residing in care homes (Reid et al., 2022).

6.4.2 Long-term maintenance of PA

Long-term PA engagement post-intervention requires innovative strategies for
sustained motivation and adaptive programme design (Morelhao et al., 2017; Sansano-Nadal
etal., 2019; Zubala et al., 2017). This aligns with the consensus that PA of any kind needs to
be maintained to sustain health benefits (Elsawy & Higgins, 2010). However, a systematic
review on digital health and older adults found that evidence on the long-term effects of
digital interventions is still lacking (Muellmann et al., 2018). Thus, future studies should

investigate the long-term maintenance and effects of these interventions.

The continued utilisation of the danceSing Care digital resources by the care homes
after the research project indicates the success of the sustained efforts by the research team
and danceSing Care staff. These efforts include ongoing monitoring of resource usage,
providing regular feedback, continued training and upskilling of staff, and dedicating time to
integrate the danceSing programme into the core well-being ethos of the care homes. Future
research should explore these strategies further, particularly their effectiveness in maintaining

PA engagement and their impact on the overall health and well-being.
6.4.3 ‘Hormonal conditioning’ hypothesis of PA

The HPA axis adapts to repeated and prolonged exercise (Sothmann et al., 1996),
evidenced by a decreased hormonal stress response to submaximal exercise in trained subjects
(Hackney, 2006b, 2006a; Silverman & Mazzeo, 1996). This indicates one’s “hormonal
conditioning’ (Cadegiani & Kater, 2019), which implicates neuroendocrine system
adaptations and increased tissue sensitivity to glucocorticoids (Duclos et al., 2003; Sapolsky
et al., 2000). The exact mechanism by which exercise influences the HPA axis is complex, but
it is recognized as a significant physiological stimulus (Fragala et al., 2011; Luger et al., 1987;
Mastorakos & Pavlatou, 2005).

The HPA axis response to exercise intensity varies, with a threshold generally above 60% of
VO2 max (Caiozzo et al., 1982; Hill et al., 2008; VVanBruggen et al., 2011). This threshold
aligns with the concept of allostasis, representing the level of activity required to adapt to
psychosocial or physical challenges (Goldstein & McEwen, 2002; McEwen, 1998; Sterling &
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Eyer, 1988). PA acts as a regulatory mechanism, counteracting the age-related decline of the
HPA axis and promoting more favourable endocrine profiles in older adults (Karlamangla et
al., 2002; Kubzansky et al., 1999; Seeman et al., 1997). However, both underexposure and
overexposure to stressors can harm health (Calabrese et al., 2013). Thus, identifying the
individualised threshold that enhances healthy ageing is essential, and the sweet spot differs
from person to person, e.g., due to socioeconomic status (Kubzansky et al., 1999), and must
be considered from subjective and objective points of view. That is the exercise type, intensity
and frequency, the individual’s perceptions of the activity and how it ‘fits’ with personal

needs, values, and circumstances (Bouchard et al., 1994).

The danceSing Care intervention may not have consistently reached the person-dependent
sweet spot or exceeded the 60% VO2 max intensity threshold to sufficiently impact the HPA
axis. This could partly explain the lack of significant changes in cortisol levels observed in
Intervention Two. Future interventions could incorporate objective metrics, like heart rate

monitors, to accurately gauge exercise intensity.
6.4.4 ‘Neuroendocrine’ hypothesis and mindfulness element of PA

Mind-body exercises have been shown to reduce elevated cortisol levels in older
adults (Lu et al., 2020; Prakhinkit et al., 2014; Tsang et al., 2013). A proposed exercise
mechanism includes stress responsiveness, which is regulated by two neuroendocrine
pathways: the HPA axis and the autonomic nervous system (Tsigos & Chrousos, 2002). The
‘neuroendocrine hypothesis’ states that the mindfulness element of, e.g., gigong exercise,
could reduce stressful signals sent to the hippocampus and amygdala of the limbic system
(Tsang & Fung, 2008). As a result, it lowers the secretion of corticotrophin-releasing factor in
the periventricular hypothalamus and the release of adrenocorticotropic hormone from the
anterior pituitary gland. It follows that these kinds of exercises down-regulate the
hyperactivity of the HPA axis among depressed individuals, which therefore intervenes in the
further release of glucocorticoids from the adrenal cortex that circulates into the body. This
hypothesis seems reasonable for any mind-body exercise programme where a mindfulness

element is provided to reduce chronic high cortisol levels.

The digital music and movement programme brings forward certain mindful body relaxation
elements, however not as a key component, and Intervention Two showed no significant

cortisol decrease. The outcomes and evaluation section (6.5) will delve deeper into the
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specificities of cortisol and DHEA measurements in the intervention study, paving the way

for future research to integrate mindfulness elements in PA programmes.
6.4.5 Digital music and movement component

Various studies on dance (Hwang & Braun, 2015; Liu et al., 2021; Sooktho et al.,
2022) and music interventions (Dingle et al., 2021) have demonstrated health benefits.
However, the current digital music and movement intervention differs in several ways. For
instance, most interventions use dance as the primary mode of movement. In contrast, the
present intervention combined group participation and multicomponent exercises and added a
music and singing component. Additionally, the current intervention was designed to be
delivered digitally, with in-person support, to older adults residing in care homes with a range
of morbidities and frailty. In this context, cognitive impairment, disabilities, multimorbidity
and limited resources pose unique challenges. Therefore, in-person support was integral to the
programme design to adjust for these unique challenges. It has been shown that a digitally
delivered intervention, especially in combination with another non-digital intervention (in-
person support), such as the digital music and movement intervention, is most feasible and
can potentially improve health outcomes (da Fonseca et al., 2021; Kraaijkamp et al., 2021).
The digitally delivered PA programme from Intervention One and Two showed encouraging
outcomes. Recent systematic reviews highlight the promising role of digitally delivered
interventions in improving PA levels (Davies et al., 2012), and the health and well-being of
older adults (Muellmann et al., 2018; Solis-Navarro et al., 2022). However, other research
tempers the optimism with a recognition of the varied and sometimes limited evidence
supporting their efficacy (Burton et al., 2015; McGarrigle & Todd, 2020), further suggesting
higher quality RCTs in care homes are needed to gain ‘real-world” knowledge of the

intervention’s feasibility and effectiveness.

The effects of music may have contributed to the observed changes in well-being. Music has
been shown to positively impact mood, anxiety, and stress, making it an effective tool for
improving mental health outcomes (Dingle et al., 2021), including in older adults in care
home settings (Lai & Lai, 2017; Taylor et al., 2023). However, some studies indicate
variability in effectiveness (Petrovsky et al., 2015). Additionally, music may enhance the
enjoyment of PA, increasing adherence and compliance with exercise programmes (Clair,
1996; Priest et al., 2004; Vaz et al., 2022), although there are significant individual

differences regarding music preferences for each type of PA (Ellis & Salmoni, 2021).
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Therefore, integrating music into the intervention may have affected its effectiveness. This is
echoed in qualitative findings in both conducted intervention studies, where several
participants emphasised that they particularly enjoyed the music parts of the intervention.
Future research should explore optimal strategies for incorporating music into PA

interventions to maximise their effectiveness.
6.5 Outcomes
6.5.1 Cortisol and DHEA(S) and its ratio

Building on prior research suggesting that PA can modulate this ratio through
decreased cortisol output and elevated DHEA(S) levels (Butcher et al., 2005; Heaney et al.,
2014; Phillips et al., 2007; Zouhal et al., 2022), the findings align with research showing that
engaging in a physically active lifestyle or participating in exercise interventions may
improve these hormonal levels (Heaney et al., 2013), which could promote better control of
the HPA axis and resilience to stress (Fragala et al., 2011; Hackney, 2006b; Heaney et al.,
2014; Sellami et al., 2019).

The systematic reviews conducted during this PhD project extend the understanding of the
benefits of PA on these hormones, particularly on the potential to increase DHEA(S) (Chapter
Two). These outcomes were replicated in Intervention Two, showing statistical significance in
DHEA levels from baseline to post-intervention. However, the study was underpowered to
detect clinically meaningful differences in DHEA levels, so caution is needed not to
overestimate the effect sizes. The lack of differences in favourable cortisol changes could be
due to the intervention specifics, such as the intensity not exceeding 60% of VO2 max (see
Section 6.4.2) or the lack of the critical mindfulness element to influence the autonomic
nervous system (see Section 6.4.3). Further study designs could consider sufficient power and

the above hypotheses investigating HPA axis responses.

Moreover, the use of non-invasive salivary cortisol (Hellhammer et al., 2009; Kirschbaum &
Hellhammer, 1994) and DHEA (Ahn et al., 2007; Whetzel & Klein, 2010) samples used in
Intervention Two provide a reliable and cost-effective method to assess HPA axis activity.
However, limitations arose from the conducted study that relied on a single morning cortisol
measurement. While this is often used to assess within-subject variations over a certain period
in an older population, it has limited prognostic value due to intra-individual differences
(Coste et al., 1994; Pruessner et al., 1997). It should be recognised that the focus of PA
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interventions should not solely be on decreasing cortisol levels at a specific point in the day
but rather on influencing the overall diurnal cortisol rhythm. PA has been shown to play a
more regulatory role in the diurnal cortisol slope (Heaney et al., 2014), aligning with positive
health behaviours (Dmitrieva et al., 2013). By relying solely on single pre- and post-
intervention cortisol measurements, the study may not have fully captured the complexities of
cortisol fluctuations and may have overlooked potential changes that occur at different times
of the day (Coste et al., 1994; Pruessner et al., 1997). Therefore, future research should
incorporate multiple measurements across consecutive days to accurately capture the diurnal
pattern of cortisol fluctuations and intra-individual variations (Segerstrom et al., 2014). An
accepted sampling design for cortisol involves, e.g. measurements immediately after
awakening, 30 minutes post-awakening, noon, late afternoon, and immediately before bed
(Hellhammer et al., 2007). The challenge of identifying individual mechanisms underlying the
components of the stress response system advocates for a patient-centric approach (Kudielka
et al., 2009).

6.5.2 Cortisol and sleep

Building upon the relationship between PA, the HPA axis, and sleep, Systematic
review Two aligns with prior findings showing that PA improves HPA axis regulation
(Duclos & Tabarin, 2016; Fragala et al., 2011) and promotes better sleep (Kredlow et al.,
2015; Uchida et al., 2012; Youngstedt, 2005). Chapter Three further delves into the

bidirectional association between stress and sleep (Kim et al., 2019).

However, caution in generalising these findings is needed, considering the specific
demographics of the study. Notably, most studies focused on women with breast cancer,
resulting in a lack of representation from male participants and older adults. While
Intervention One showed encouraging initial results, with a significant increase in sleep
satisfaction over time, this outcome was not replicated in the subsequent Intervention Two.
Although certain prior studies have reported no significant changes or even elevated cortisol
levels post-PA intervention (Borst et al., 2002; Hakkinen et al., 2005; Hayes et al., 2013), the

positive impacts of PA on sleep have been consistently recognised (Kredlow et al., 2015).

Given the demographic limitations of the participants of Systematic review Two (Chapter
Three), future research should explore this relationship in a more diverse population,

including a broader age range and male participants. More objective measures, such as
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activimetry and sleep architecture assessments, alongside self-reported questionnaires, will
also improve the understanding of the link between cortisol and sleep phases. However, these
measures were beyond the scope of the intervention studies conducted within the framework
of this PhD project, which primarily aimed to ascertain the feasibility of a digital music and

movement intervention and lay the groundwork for a future full-scale RCT.
6.5.3 Physical function, well-being and frailty

Existing research indicates that PA can ameliorate frailty and enhance physical
function in older adults in care homes (Arrieta et al., 2019, 2018; Ferreira et al., 2018; Swales
et al., 2022). This thesis examined the effects of a digital music and movement intervention in
care home settings. However, Intervention Two did not find any improvement in physical
function over the time of the intervention period. This contrasts with the existing literature
suggesting PA, in any form (including dance (Zhang et al., 2023)) or intensity, can be
effective in improving strength, gait speed, balance and functional independence and reduce
falls in older adults (Dugan et al., 2018; Mollinedo Cardalda et al., 2019; Nagata et al., 2023;
Paterson & Warburton, 2010; Peterson et al., 2009; Sherrington et al., 2020). Further,
individualised and progressive multicomponent exercise interventions at a moderate intensity,
such as the investigated danceSing Care intervention, effectively prevent falls and reduce
frailty and mortality among older care home residents (Arrieta et al., 2019). This again
suggests that the investigated intervention may impact emotional rather than physical states.

However, adequately powered RCTs are needed to make more firm conclusions.

Apart from the salivary cortisol and DHEA measurements and the physical function tests,
self-administered questionnaires, complemented with interviews, were used to assess the
intervention effects on well-being markers. While these approaches offer valuable insights
into participants' subjective experiences and perceptions (Zhu et al., 1999), they are not
without limitations. Self-reporting has several potential concerns, such as social desirability
bias, confirmation bias, and subjective interpretation (Althubaiti, 2016). The lack of objective
measures may restrict the ability to corroborate self-reported findings, impacting the study's
overall reliability. Moreover, recall biases could introduce further challenges in interpreting
the data and limit its generalisability. However, the chosen tools were a cost-accuracy trade-
off. Future research should consider integrating more objective physiological assessments
such as more objective devices measuring PA (accelerometers, pedometers, heart rate

monitors or arm-band technology (Sylvia et al., 2014)) and sleep ((bed)actigraphy,
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observation, bed sensors, eyelid movement- and non-invasive arm sensors, a sleep switch and
a remote device (Van de Water et al., 2011)), complementing well-being markers throughout
the intervention period. The main aims of the conducted intervention studies were to provide a
foundation for further research in this area, focusing on feasibility and implementation

strategies for a full-scale RCT.
6.6 Future directions for research

Future research should build on the findings of this PhD project by exploring the impact
of PA intensity and type on cortisol and DHEA(S) regulation in a more diverse older adult
population. Additionally, given the preliminary results regarding PA's influence on physical
function, mental well-being and sleep quality, subsequent studies should investigate these

relationships using quantitative and qualitative measures.

6.6.1 Progression to a full-scale RCT

Given the promising findings and feasibility demonstrated in this PhD project, future
research could consider a full-scale Randomised Controlled Trial (RCT) to evaluate the
efficacy of the digital music and movement intervention in care homes. A full-scale RCT
would enable a more definitive assessment of the intervention's impact on cortisol and

DHEA(S) regulation, sleep quality, physical function, and well-being among older adults.

To progress to a full-scale RCT, several steps should be undertaken. First, robust protocol
adherence mechanisms are crucial. This includes establishing strict guidelines and transparent
communication channels between researchers and care home staff. Regular audits and
frequent check-ins can ensure consistent application of the study protocol. Additionally, initial
training sessions for care home staff and regular refresher courses and workshops are essential
to maintain intervention fidelity. Creating an accessible helpline or a designated liaison for

care homes can provide immediate solutions to challenges and bolster staff confidence.

Second, future studies should aim to recruit a broader spectrum of older adults, including
those with varying cognitive capabilities and from different ethnic backgrounds. Employing
cluster randomisation could help manage adherence issues observed in the control group by
assigning entire care homes to either the intervention or control group, thus minimising

contamination and enhancing protocol adherence.
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Third, incorporating objective measures of PA, such as accelerometers or heart rate monitors,
alongside subjective self-reports can provide a more comprehensive assessment of the
intervention's impact. Multiple daily cortisol measurements can better capture diurnal

variations and offer a more detailed understanding of the HPA axis dynamics.

Lastly, future research should consider methods for customising the digital music and
movement programme to individual participants' needs and preferences. Using adaptable
digital platforms that offer a range of activities and interactive features can facilitate this
personalisation, ensuring the intervention is engaging and effective for a diverse population of

older adults.
6.6.2 HPA axis dynamics

Future research should aim for a more comprehensive examination of HPA axis
dynamics, particularly addressing the limitation of single morning cortisol measurements in
the intervention study. Implementing multiple daily cortisol assessments could provide a
better understanding of diurnal variations and their relationship with PA in older adults. An
accepted sampling design for cortisol involves multiple measurements throughout the day,
e.g. immediately after awakening, 30 minutes post-awakening, noon, late afternoon, and
immediately before bed (Hellhammer et al., 2007) (further detailed in Chapter 2.5.6). This
could provide a better understanding of cortisol’s diurnal variation and the cortisol awakening

response, which is under separate regulation (Clow et al., 2004).

Additionally, future studies should address the challenges encountered in collecting salivary
DHEA, particularly when using the Salivette device (cotton swabs) (Gallagher et al., 2006;
Granger et al., 1999). An awareness of the impact of collection methods on steroid levels in
saliva is essential. Alternatively, future research might consider collecting DHEAS,
unaffected by the cotton collection process (Shirtcliff et al., 2001). Further, it is important to
consider factors impacting the HPA axis, such as PA intensities exceeding 60% of VO2 max
or incorporating mindfulness practices to influence the autonomic nervous system. Lastly,
adopting a patient-centric approach is vital in understanding the individual mechanisms of the
stress response system, building on the findings of this and other studies (Kudielka et al.,
2009).
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6.6.3 Demographics and diverse populations

Given the limited diversity in the presented participant demographics, future research
should prioritise the inclusion of a broader spectrum of older adults, especially regarding sex,
ethnicity and cognitive capabilities. In addition, ensuring that future studies have a well-
defined control group is also essential for a more precise investigation of the intervention’s

efficacy.

Importantly, research should include individuals who lack the capacity to consent and those
with more advanced cognitive decline, as these often-marginalised groups may respond
differently to interventions. When involving these populations, ethical considerations take
precedence, necessitating close collaboration with caregivers, legal representatives, or family
members to ensure informed consent. Additionally, tailoring interventions to this
demographic, particularly focusing on sensory-rich experiences due to cognitive impairments,
is important. Music and movement programmes that emphasise auditory, visual, and tactile
elements can enhance engagement and responsiveness (Juntunen & Sutela, 2023). Traditional
outcome measures may not be suitable for these groups. Therefore, observational techniques,
such as noting shifts in mood, behavioural changes, or physiological indicators, might provide
more accurate insights. Feedback from caregivers or nursing staff who understand

participants' baseline behaviours can further support and enrich these findings.
6.6.4 Broader health outcomes

Incorporating a wider range of physical and mental health measures would address the
current studies’ limitations in capturing the relationship between PA and older adult well-
being. Future studies should integrate subjective and objective measures to assess well-being
and physical function. For instance, complementing self-reported tools with technological
aids like accelerometers or bed sensors can provide a more detailed assessment of health
outcomes. Standardising these measures across studies will facilitate comparisons and
enhance the quality of meta-analyses. In addition, multi-site studies could be considered to
enhance external validity of the findings.

6.6.5 Intervention optimisation

Reflecting on the limitations in implementing the interventions in care homes, future

research should develop and test strategies for better integrating PA programmes in clinical
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practice. This includes addressing challenges in resource availability and staff training that

were notable constraints in the intervention studies.

Future research should expand the scope to include investigating the efficacy of behaviour
change techniques in promoting PA among older adults in care settings. This includes
investigating motivational strategies, habit formation, and reinforcement methods that can
encourage regular participation in PA. Understanding the psychological and social factors
influencing PA behaviour in this demographic is important for designing effective
interventions. Another promising avenue for research is examining the role of choice
architecture in promoting PA. This involves creating environments and contexts that subtly
guide behaviour towards more active lifestyles, such as strategically placed cues, default
options for activity participation, and the physical layout of care settings that encourage
movement. Methodologically, future research in this area could benefit from (1) utilising
mixed-methods research to gain understanding of how behaviour change techniques and
choice architecture influence PA, (2) implementing RCTs to assess the efficacy of specific
interventions and choice architecture designs, (3) collaborating with care homes to design and

implement interventions that are feasible and sustainable in real-world settings.

In addition, future research should tackle the challenges related to staffing, resources, and
engagement in care homes. Optimising interventions in these settings requires exploring
personalised approaches, enhancing social support structures, and fostering co-creation with
care homes. These strategies could significantly improve the involvement of ACs and
participants, leading to more effective interventions in these environments. For instance, ACs
could use a range of approaches, such as involving family members or volunteers, to provide
more one-on-one support to participants. Additionally, incorporating technology-based
solutions, such as virtual reality or interactive games, could enhance engagement and provide
new avenues for PA. Finally, fostering strong partnerships with care homes and other relevant
stakeholders, such as policymakers or funding agencies, is essential to ensure that

interventions are sustainable and scalable.
6.7 Recommendations for clinical practice.
6.7.1 PA recommendations

PA recommendations should be personalised for effective clinical application,

considering each patient's age, health status, and preferences. For instance, intensity should be
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balanced with patient capabilities, pairing slow melodies with lighter exercises for those with
limited mobility. Frequency should align with current evidence suggesting two to three
sessions per week for habit formation and adherence (de Souto Barreto et al., 2016).
Regarding duration, focused sessions ranging from 20-minute music-movement routines to
longer 40-minute sessions with breaks and varied musical themes are advisable. The type of
activity should leverage the diversity of music: aerobic movements with energetic tracks,
strength movements timed with the beat using resistance bands or weights, flexibility and
balance exercises with slow tunes, and memory and cognitive connection activities using

nostalgic songs.
6.7.2 Implementation strategies

Health professionals should actively promote interprofessional collaboration to
facilitate movement behaviour change, fostering a positive cultural perception of such
behaviours. This includes utilising person-centred communication strategies, understanding
various determinants, obstacles, and enablers of movement behaviours, and communicating
their health implications. Professionals should also be self-aware of how their actions
influence their ability to support behaviour change in others (Alsop et al., 2023).
Collaboration with digital platforms, like the danceSing Care programme, offers a practical
solution for providing diverse music and movement exercises tailored to older adults.
Training caregivers and facilitators to guide these sessions safely and engagingly is important,

along with scheduling regular sessions when older adults are most active and receptive.
6.7.3 Feedback mechanisms

Regular feedback from participants is essential, as it allows for adjustments to the
intervention, addressing challenges, and ensuring alignment with individual health goals.
Implementing digital or paper-based feedback forms to capture insights on the effectiveness
and reception of various interventions can be highly beneficial. Conducting periodic feedback
sessions encourages open dialogue and helps understand areas for improvement. Monitoring
feedback through wearables or apps to track activity levels, provide reminders, and offer
feedback is also effective in maintaining adherence and motivation. This feedback should be
utilised to continually refine programmes, ensuring they remain aligned with the needs and
preferences of residents. This ongoing feedback loop is crucial for successfully integrating PA

recommendations into clinical practice, ultimately enhancing the well-being of older adults.
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6.8 Societal impact

The societal impact of this PhD research extends to public health initiatives,
highlighting the potential for community-based programmes that encourage active lifestyles
among older adults. Given the benefits of PA on health parameters, there is a societal
imperative to encourage active lifestyles. This can be achieved through various avenues such
as public health campaigns, care homes offering digital music and movement resources, as

investigated in this study or alternatives, and collaborations with health care initiatives.

In terms of health education and awareness, disseminating the findings of this project through
lay papers or presentations at conferences can significantly raise public knowledge. An
informed public is better positioned to make health-related decisions and prioritise

interventions that are relevant to their needs.

The findings highlight the potential of digital and patient-centred interventions in care home
settings. Societal shifts towards care homes that embrace health and wellness programmes can

significantly enhance residents' quality of life.

Additionally, engaging residents in interventions like the digital music and movement
programme benefits them and may elevate job satisfaction among carers. Working in a care
home environment is often challenging due to low pay and time constraints. Providing carers
with tools and interventions that enable meaningful connections with residents can boost
morale and job fulfilment. This enhancement in care homes' atmosphere, moving towards a
more active environment, can significantly improve the well-being of residents and

caregivers, thereby benefiting society.
6.9 Policy Implications

Although further research is necessary to strengthen these findings, they offer a
foundation for early discussions and considerations in policy-making spheres. Policymakers
should consider providing resources and training for care home staff to implement such
programmes effectively. Further, based on this study's findings, policies encouraging active
lifestyles among older adults could improve health and well-being outcomes. Implementing
these changes requires collaboration between researchers, policymakers, and practitioners to

ensure the interventions are feasible, effective, and sustainable in the long term.
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To enhance engagement, various strategies could be implemented to raise awareness and
encourage discussion. This could include drafting summaries or reports to detail the findings,
initiating webinars for academic peers and interested parties, or facilitating discussions that
bring together researchers, care home representatives, and policymakers. Such engagement
efforts would serve to disseminate the research and to stimulate a broader conversation about
its implications. Such policy implications underscore the potential of this research to influence
and shape future health and ageing policies, ultimately contributing to improved care

standards and quality of life for older adults.
6.10 General conclusion

This PhD project provided insights into the role of PA in modulating cortisol and
DHEA(S) levels, enhancing sleep quality, physical function and improving well-being in

older adults, particularly in care home settings.

Systematic reviews and meta-analyses conducted within this project have demonstrated that
regular PA can beneficially influence cortisol and DHEA(S) levels and sleep quality in older
adults. However, due to limited participant diversity, especially regarding ethnicity, age and
sex, these findings necessitate cautious interpretation and highlight the need for further
research to understand the mechanisms involved and extend these benefits to a wider

demographic.

The feasibility study of a digital music and movement intervention, although challenged by
COVID-19 restrictions and participant-related factors, showed improvements in anxiety,
depression, loneliness, perceived stress, and sleep satisfaction. However, these results are
preliminary due to the absence of a control group, indicating the need for further adaptation

and refinement of such interventions in care home contexts.

The pilot RCT, which aimed to test a refined version of the intervention, faced
implementation challenges but offered initial evidence of its efficacy, particularly regarding
DHEA levels and improvements in anxiety, loneliness and fear of falling. This study lays the
groundwork for future large-scale RCTs by detailing progression criteria such as recruitment,

programme fidelity, and participant safety.

To conclude, this thesis has advanced our understanding of PA's impact on older adults’ well-
being, especially in care home settings. While significant insights were gained, the necessity
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for further research, particularly full-scale RCTs, is evident. These findings hold promise for
enhancing clinical practice and policy in older adult care, emphasising the importance of
personalised, digital and context-sensitive interventions to promote physical and mental well-
being among older adults in care home settings.
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- Reviewer of Psychophysiology Journal, BMC Geriatrics, International Journal of
Behavioral Nutrition and PA, Stress and Health, and STRESS, Journal of Sleep
Research.

- Member of scientific cell and lecturer at Research Methodology at Flanders
International School of Osteopathy (FICO)

1.2 Impact projects in clinical practice or the general public

- Semi-finalist of Converge Challenge 2022: Kickstart challenge about creating a
Lifestyle Medicine clinic.
- Founder of an online Lifestyle Medicine education and consultancy platform
(www.huisderlevensstijl.be)
- Healthy Ageing lectures at European organisations for professionals such as
SmartEducation, Physioboost, PQK, ACREHAB, LifeMe, and FysioLearning.
- Board member of LifeMe vzw. (www.lifeme.be)
- Research dissemination:
o Organiser of two symposia (Elk jaar jonger?, VUB & Onze hormonen,
onderschatte helden?, KUL)
o Host of a lifestyle medicine (LifeMe) podcast (https://anchor.fm/lifeme)

Appendix 2.1: Methodology of the systematic reviews

The present methodological section gives more details about the research's
comprehensive approach. It explains and rationalises the methods implemented to address the
research questions and the reliability and validity of the methodologies utilised in the two

systematic reviews.
2.1.1 Research methodology of systematic reviews

Systematic reviews are a cornerstone of post-graduate research, providing a
methodological approach to comprehensively and transparently appraise and synthesise
existing literature (Ham-Baloyi & Jordan, 2016). This systematic approach is pertinent for

enhancing scholarly understanding of the existing literature, paving the way for theoretical
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advancement, and informing practitioners and policymakers in this domain (Cook et al., 1997;
Mallidou, 2014).

In adherence to best practices, the methodology was consistent with the PRISMA statement
(Page et al., 2021), while the Cochrane Handbook was used as a primary resource for further

guidance (Higgins et al., 2019).
2.1.2 Participant, Intervention, Comparison, Outcome (PICO) criteria

The following paragraphs will cover the Participant, intervention, comparison, and
intervention (PICO) criteria (Schardt et al., 2007), an established method for formulating
research questions in systematic reviews. Each component of the PICO framework, as
adapted for this research, is detailed below:

- Participants (P) The SHAPE project focused on improving the well-being of older
adults. Therefore, older adults (65 years or older) were included in the first review. However,
after a first pilot search for the second review, adults aged 26-47, middle-aged adults aged 48-
64, and older adults aged 65 were included due to a lack of PA trials focusing exclusively on
older adults. The decision to exclude the 18-26 age group was informed by the distinct
psychosocial and neurophysiological factors prevalent in this younger demographic,

warranting a dedicated review.

- Intervention (1) The first review encompassed both observational and RCTs, aiming
to uncover associations between PA and cortisol and/or DHEA(S) markers. The subsequent
review highlighted the efficacy of PA interventions targeting cortisol and sleep. Therefore,

only RCTs were incorporated.

- (C) Both systematic reviews included articles, regardless of study design, including
controls having an inactive/sedentary lifestyle or receiving no intervention or usual care. This
was a priori defined in the protocols and is considered best practice to reduce bias when

evaluating the effects of interventions (Higgins et al., 2019).

- Outcomes (O) were selected appropriate to the research question. The rationale for

the research question of both systematic reviews is extensively explained in Chapter One.
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2.1.3 Critical appraisal tools: Cochrane Risk of Bias 2.0 and JBI tool

For the assessment of RCTs, the Cochrane Risk of Bias (RoB) 2.0 Tool was employed
(Farrah et al., 2019), recognising its wide acceptance and recommendation (Higgins et al.,
2011; Ma et al., 2020). However, evaluating non-randomised studies is more challenging due
to the variety of available tools. The Newcastle-Ottawa Scale (NOS) and the Joanna Briggs
Institute (JBI) tools are often used for the critical appraisal of these study designs when there
are different designs included in the review (Farrah et al., 2019). However, some studies have
questioned the reliability and validity of the NOS scale (Ma et al., 2020). Most studies agree
that there is no real consensus on a preferred appraisal tool for non-randomised studies, so
researchers are advised to use different appropriate tools based on the study designs identified
by the researcher (Briere et al., 2018; Quigley et al., 2019). Because the applicable range of
JBI is the widest (Ma et al., 2020), the JBI tool was chosen as the most appropriate RoB

assessment for non-randomised studies.

To further define the quality of the body of evidence, we used the GRADE approach
(Schiinemann et al., 2013), as advised by the Cochrane Collaboration (Higgins et al., 2011).
This involves considering the within-study risk of bias (methodological quality), directness of
evidence, heterogeneity, the precision of effect estimates and the risk of publication bias. The
GRADE approach further specifies four levels of quality (very low, low, moderate or high-
quality evidence). The highest quality rating is for RCTs; observational studies are generally
graded as low quality. Review authors can further downgrade (or upgrade) the quality based
on the abovementioned considerations. The overall grading decisions are based on specified
guidance (Schinemann et al., 2013). However, some subjectivity is present during the
decision process. Therefore, two independent researchers consistently performed the grading
process (LDN and EO). Further, an additional forest plot by Egger (Egger et al., 1997) was

performed to consider publication bias.
2.1.4 Data collection and synthesis

The first review collected data from cross-sectional studies and RCTs to investigate
how PA influences physiological markers of cortisol and/or DHEA(S) in older adults (De Nys
et al., 2022). The justification for including observational studies in the systematic review was
to provide evidence of the effects of PA in a broader context than under controlled

intervention situations, e.g., long-term outcomes of PA or different populations or settings.
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According to existing guidance, we analysed observational studies separately from
intervention studies. Further, we quantified the average effect of PA interventions on reducing
cortisol and/or increasing DHEA(S) levels (Systematic review One) and/or improving sleep
outcomes in older adults. More in-depth outlining of the analyses and the results are provided

in Chapters Two and Three.
2.1.5 Reflections on the two systematic reviews

It was aimed to articulate fully the limitations and considerations of the process of
each systematic review conducted. Overall, common pitfalls were considered in the
systematic review process, such as assessing study quality or publication bias, exploring
heterogeneity and interpreting the evidence (for a brief overview, see (Farquhar & Vail,
2006)).

Further, a non-exhaustive list of valuable recourses used during the conducted research is the

following:

- Guidance from the PRISMA statement (Page et al., 2021)

- Guidance from the Cochrane Handbook for systematic reviews of interventions
(Higgins et al., 2019).

- Resources for authors from the Cochrane Consumers and Communication Group
https://cccrg.cochrane.org/author-resources)

- Guidance from the Synthesis Without Meta-analysis (SWiM) reporting guideline
(Campbell et al., 2020)

- Guidance of conducting systematic reviews and meta-analyses of observational
studies of aetiology (COSMOS-E) (Dekkers et al., 2019).

2.1.6 Peer review suggestions

The two systematic reviews underwent a rigorous peer-review process and were
finally accepted for publication in two journals (De Nys et al., 2022a; De Nys et al., 2022b).
During the peer review process for JAPA (Journal of Aging and PA), a reviewer pointed out
that physiological exercise responses are driven by genetic differences, epigenetic changes,
and gene transcription mechanisms (Hawley et al., 2014). Consequently, it would be
interesting to measure these factors alongside hormone levels in future exercise/PA

interventions as they drive exercise effects on hormones via mechanisms such as changing
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receptor number or sensitivity (Hackney & Hackney, 2005). Further, during the peer-review
process of the second review, a reviewer rightly suggested that the discrepancy in the female-
to-male ratio should be highlighted more and that sex differences in cortisol regulation should
be added to the Discussion section. It was discovered that more research is needed with
standardised methodological protocols to strictly distinguish between the total cortisol
secretion and the bioavailable cortisol levels and to differentiate between pre- and post-

menopausal states and menstrual cycle phases to provide more definitive conclusions.
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Appendix 2.2 PRISMA 2020 Checklist

TITLE

Title 1 | Identify the report as a systematic review. Title

ABSTRACT

Abstract 2 | See the PRISMA 2020 for Abstracts checklist. JAPA
abstract

INTRODUCTION

Rationale 3 | Describe the rationale for the review in the context of existing knowledge. Background

Obijectives 4 | Provide an explicit statement of the objective(s) or question(s) the review addresses. Background
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METHODS

Eligibility Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. Methods
criteria

Information Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to Methods
sources identify studies. Specify the date when each source was last searched or consulted.

Search Present the full search strategies for all databases, registers and websites, including any filters and limits used. Appendix
strategy

Selection Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many Methods
process reviewers screened each record and each report retrieved, whether they worked independently, and if applicable,

details of automation tools used in the process.
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Data 9 | Specify the methods used to collect data from reports, including how many reviewers collected data from each Methods
collection report, whether they worked independently, any processes for obtaining or confirming data from study investigators,
process and if applicable, details of automation tools used in the process.
Data items 10a | List and define all outcomes for which data were sought. Specify whether all results that were compatible with each | Methods
outcome domain in each study were sought (e.g. for all measures, time points, analyses), and if not, the methods
used to decide which results to collect.
10b | List and define all other variables for which data were sought (e.g. participant and intervention characteristics, Methods
funding sources). Describe any assumptions made about any missing or unclear information.
Study risk of 11 | Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how Methods
bias many reviewers assessed each study and whether they worked independently, and if applicable, details of
assessment automation tools used in the process.
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performed, describe the model(s), method(s) to identify the presence and extent of statistical heterogeneity, and

software package(s) used.

Effect 12 | Specify for each outcome the effect measure(s) (e.g., risk ratio, mean difference) used in synthesising or presenting | Methods
measures results.
Synthesis 13a | Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study Methods
methods intervention characteristics and comparing against the planned groups for each synthesis (item #5)).
13b | Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing Appendix
summary statistics, or data conversions.
13c | Describe any methods used to tabulate or visually display results of individual studies and syntheses. Methods
13d | Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was Methods




13e

Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis,

meta-regression).

Methods
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13f | Describe any sensitivity analyses conducted to assess robustness of the synthesized results. Methods
Reporting bias 14 | Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). | Methods
assessment
Certainty 15 | Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. Methods
assessment
RESULTS
Study 16a | Describe the results of the search and selection process, from the number of records identified in the search to the Results
selection number of studies included in the review, ideally using a flow diagram.
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16b | Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were Appendix
excluded.

Study 17 | Cite each included study and present its characteristics. Results,
characteristics
Risk of bias in 18 | Present assessments of risk of bias for each included study. Results
studies
Results of 19 | For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect | Results
individual estimate and its precision (e.g. confidence/credible interval), ideally using structured tables or plots.
studies

20a | For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. Results




Results of 20b | Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary Results
syntheses estimate and its precision (e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing
groups, describe the direction of the effect.
20c | Present results of all investigations of possible causes of heterogeneity among study results. Results,
Appendix

20d | Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. Results
Reporting 21 | Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. | Results
biases
Certainty of 22 | Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. Results
evidence
DISCUSSION
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Discussion 23a | Provide a general interpretation of the results in the context of other evidence. Discussion
23b | Discuss any limitations of the evidence included in the review. Discussion
23c | Discuss any limitations of the review processes used. Discussion
23d | Discuss implications of the results for practice, policy, and future research. Conclusion

OTHER INFORMATION

Registration 24a | Provide registration information for the review, including register name and registration number, or state that the Methods

and protocol review was not registered.
24b | Indicate where the review protocol can be accessed, or state that a protocol was not prepared. Methods
24c | Describe and explain any amendments to information provided at registration or in the protocol. /
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data, code and
other materials

data extracted from included studies; data used for all analyses; analytic code; any other materials used in the
review.

Support 25 | Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the /

review.
Competing 26 | Declare any competing interests of review authors. Competing
interests interests
Availability of 27 | Report which of the following are publicly available and where they can be found: template data collection forms; /

Note. From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71

For more information, visit: http://www.prisma-statement.org/
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Appendix 2.3 Detailed search strategy for database searches
Pubmed search 2/9/21

("Aged"[Mesh] OR Aged OR "Aged, 80 and over"[Mesh] OR "Frail Elderly”"[Mesh] OR
‘older adults’ OR elderly OR '65 years')

AND ("Exercise"[Mesh] OR exercise OR "Exercise Therapy"[Mesh] OR "Exercise
Test"[Mesh] OR "Circuit-Based Exercise"[Mesh] OR "Physical Exertion"[Mesh] OR
"Physical Fitness"[Mesh] OR "Sedentary Behavior"[Mesh] OR "Sedentary behaviour" OR
‘sedentary behavior’ OR "Healthy Lifestyle”"[Mesh] OR "Life Style"[Mesh] OR "Health
Behavior'[Mesh] OR "Healthy Aging"[Mesh] OR "Yoga"[Mesh] OR yoga OR "Tai
Ji"[Mesh] OR ‘Tai Chi’ OR ‘sedentary lifestyle’ OR ‘sedentary time’ OR ‘physical activity’
OR Leisure time)

AND ("Dehydroepiandrosterone”[Mesh] OR "Dehydroepiandrosterone Sulfate"[Mesh] OR
cortisol OR DHEA OR DHEAS)

NOT (drug OR pharmacological OR "Pharmaceutical Preparations[Mesh] OR "Dietary
Supplements”[Mesh])

1,601 results
Cochrane search 2/9/21

(Aged OR frail elderly OR elderly OR older adults OR 65 years) AND (Leisure time OR
Exercise OR Physical fitness OR sedentary behavior OR physical activity OR sedentary time
OR yoga OR tai ji OR tai chi) AND (Cortisol OR DHEA OR DHEAS OR
dehydroepiandrosterone OR dehydroepiandrosterone sulfate) NOT (drug OR

pharmacological)
172 results
Web of Science search 02/09/21

(TS=("Physical activity' OR 'physical exercise' OR exercise OR fitness OR 'healthy lifestyle'
OR 'sedentary time' OR 'sedentary behavior' OR 'tai chi' OR 'taj ji' OR yoga) ) AND
(TS=(elderly OR 'older adults' OR '80 and over' OR '65 years' OR 'older population' OR 'aged
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population' OR 'ageing population' OR 'aging population’)) AND
(TS=(dehydroepiandrosterone OR 'dehydroepiadrostrone sulfate' OR DHEA OR DHEAS OR
cortisol)) NOT (TS=(Pharmacological OR 'dietary supplements’))

721 results

OVID search 02/9/21

(((((Aged or Aged, 80) and over) or Frail Elderly or elderly or 65 years or older adults) and
(exercise or Exercise Therapy or Physical Exertion or Physical Fitness or Sedentary Behavior
or sedentary behaviour or Healthy Lifestyle or Life Style or Health Behavior or Healthy
Aging or Yoga or Tai Chi or sedentary lifestyle or sedentary time or physical activity or
Leisure time) and (Dehydroepiandrosterone or Dehydroepiandrosterone Sulfate or cortisol or
DHEA or DHEAS)) not (drug or pharmacological or Pharmaceutical Preparations or Dietary
Supplements)).mp. [mp=title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism supplementary concept
word, protocol supplementary concept word, rare disease supplementary concept word,

unique identifier, synonyms]

859 results

APA Psychlnfo search 2/9/21

aged or elderly or senior or older people or geriatric or 65+ OR frail elderly or older adults

exercise or physical activity or fitness or physical exercise or leisure time or sedentary

behavior or sedentary behaviour or sedentary time or yoga or tai chi or taj ji

Cortisol OR DHEA OR DHEAS OR dehydroepiandrosterone OR dehydroepiandrosterone
sulfate

drugs or pharmaceuticals or medications or prescriptions
253 results
CINAHL search 2/9/21

older adults or elderly or geriatric or geriatrics or aging or senior or seniors or older people or
aged 65 or 65+
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exercise or physical activity or fitness or physical exercise or leisure time or sedentary
behavior or sedentary behaviour or sedentary time or yoga or tai chi or taj ji

Cortisol OR DHEA OR DHEAS OR dehydroepiandrosterone OR dehydroepiandrosterone

sulfate

drugs or pharmaceuticals or medications or prescriptions
197

PEDRO search 2/9/21

Combined searches Abstract & Title aged AND cortisol / "older adults™ AND cortisol /
elderly AND cortisol / aged AND DHEA / DHEAS / “older adults” AND dhea / dheas/ “older
adults” AND dhea / DHEAS

41 results
Clinicaltrials.gov 2/9/21

Condition: aged OR elderly OR senior OR "older people” OR geriatric OR "frail elderly” OR
"older adults"

Intervention: exercise OR "physical activity” OR fitness OR "physical exercise" OR "leisure
time" OR "sedentary behavior" OR "sedentary behaviour" OR "sedentary time" OR yoga OR
"tai chi" OR "taj ji"

Outcome: Cortisol OR DHEA OR DHEAS OR dehydroepiandrosterone OR
"dehydroepiandrosterone sulfate™

28 results
Google search (Haddaway, Collins, Coughlin, & Kirk, 2015) 2/9/21

allintitle: ~elderly OR "older people” OR "older adults” OR ~aged OR ~exercise OR
"physical activity" OR "~sedentary™ OR ~fitness OR yoga OR "taj ji" OR "tai chi” OR
cortisol OR DHEA OR DHEAS OR dehydroepiandrosterone OR "dehydroepiandrosterone
sulfate”

all viewable results: 962 of 701,000
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Appendix 2.4 Transformations of data
Extraction equations that can be used prior to analysis to get missed variables
Estimation of mean and SD

When the included study had reported the mean and SE, the mean and SD were estimated by

following equations (Higgins, Li, & Deeks, n.d.):

SD = SE X N

Calculated from within a single intervention group.
Comparing cortisol measures

Baseline cortisol.

Cortisol value at baseline. Included studies took measurements at the same time of day pre-

and post-intervention to reduce variability between measurement timing.
Mean cortisol.

Average cortisol values across all samples.

= ¥(baseline + x time after awakening + y time + z time)/n samples
AUCqg

Area under the curve with respect to ground.

= {[(20 min value + baseline value)/2] x time} + {[(40 min value + 20 min value)/2] x time}

When cortisol were reported in AUCg, this measure (as mean +-SD) was taken to be
compared with one-time point values of other studies to compare the mean +-SD pre-post
effects. This because AUCg is assumed to be a measure which is related to total hormonal
output (Fekedulegn et al., 2007).

Computing change from baseline
The mean change in each group can be obtained by subtracting the post-intervention mean

from the baseline mean even if it has not been presented explicitly.
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Related methods can be used to derive SDs from certain F statistics, since taking the square

root of an F statistic may produce the same t statistic.
From t statistic to standard error

The t statistic is the ratio of the MD to the SE of the MD. The SE of the MD can therefore be
obtained by dividing it by the t statistic:
MD

SE = |—
t

¥

From standard error to standard deviation

The within-group SD can be obtained from the SE of the MD using the following formula:
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Appendix 2.5 Characteristics of excluded cross-sectional studies

Study Country Population PA Outcome Relevant findings
measurement
Age
range
or
mean
Sample  age Cortisol DHEA(S)
sizen (SD) in  Main group — (times - (times -
(%omale) years subgroups measure) measure)
No distinct age categories for older adults aged 65+
Low sedentary
Saliva behaviour and high
Generally healthy sample (4x physical activity are
Gubelman 45-86  —active vs Counts: — diurnal related to lower
etal., 2018 Switzerland 1948 years sedentary accelerometry slop) cortisol secretion.

Not possible to extract the relationship between physical activity and cortisol directly

United
Heaney et  Kingdom -
al., 2012 Birmingham 48

75.6 Generally healthy

(6.35)  —younger vs older

Time/week:
categorical
guestionnaire
about physical
activity

Saliva

sample (5x
— diurnal

slope)

Of health behaviours,
diet had most
interaction with
cortisol.
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Study Country Population PA Outcome Relevant findings
measurement

Physical activity is solely measured to determine frailty, no further analyses are with this

Energy
expenditure:
International

Physical
Residents of long-  activity Saliva
stay institutions - Questionnaire sample (3x Frail aged individuals
Holanda et 77.5 Metabolic — — diurnal display higher cortisol
al., 2011 Brazil 69 (7.8) frailty levels (IPAQ) slop) values in the morning.

No data available for physical activity vs cortisol, as the focus was on food intake vs stress

Energy

expenditure:

Paffenbarger

questionnaire of

the Urine Stress was positively

Generally healthy sample (1x correlated with

Laugeroet Boston, 45-75  Puerto Rican — Harvard Alumni - cortisol and higher
al., 2011 Massachusetts 1336 years perceived stress Activity Survey  afternoon) intake of sweets.

Physical activity was measured in relation to a questionnaire on life satisfaction, not in relation with cortisol or DHEA(S)
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Study Country Population PA Outcome Relevant findings
measurement
Blood No consistent relation
Blood sample (1x between health
Lebrunet  Utrecht, 56-73  Postmenopausal — Categorical sample (1x — behaviours and
al., 2006 Netherlands 402 years life satisfaction questionnaire —morning) morning)  relevant hormones.

Contacted authors for specific information about the questionnaire, with no response

Energy
expenditure: Blood
non-specified Blood sample (1x
Chehab et 75.17  Generally healthy standard sample (1x —
al., 2007 Tunisia 63 (7.66) —Menvswomen  questionnaire —morning) morning)

Physical activity does
not influence DHEA-
S levels. Decreases in
DHEA-S is associated
with ageing and high
cortisol:DHEA
accelerates adult
diseases.

Not the right age category

Multiple aspects of

Blood physical activity were

sample (1x independently
Hawkins et 45-80  Generally healthy  Counts: - associated with sex
al., 2019 United states 493 years — activity quartiles accelerometry - morning)  hormones

DHEAS only compared together with other hormones, too difficult to draw conclusions
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Study Country Population PA Outcome Relevant findings

measurement
Blood Low physical activity
Energy sample (1x was modestly
Hwang et 63.9 Generally healthy  expenditure: - correlated with higher
al., 2016 Taiwan 1839 (9.3) — age categories IPAQ morning)  DHEA-S in women.

DHEA was considered as a mediator, no direct association was made between physical activity and DHEA

Time/week:

categorical Blood

questionnaire sample (1x No consistent relation
McTiernan Postmenopausal —  “hours per - between physical
etal., 2006 United States 300 50-79  age groups week” - morning)  activity and DHEA.

Not possible to extract data specifically from the age category of interest

Besides ageing,

important
determinants of
Blood DHEA were BMI,
Generally Categorical: sample (1x general health
Muller et Utrecht, healthy,— age Voorrips - behaviours and status,
al., 2003 Netherlands 400 40-80  groups questionnaire - morning)  and physical activity.

Note. Studies were excluded because they did not meet the a priori defined PICO criteria, or the available data was not clear enough to make

relevant assumptions about the research question.
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Characteristics of excluded intervention studies

Study Population Intervention Outcome Relevant
findings
Mean
Sample age Cortisol
sizen  (SD) (times- DHEA(S)
(%omale (years Health Control measure (times -
) ) Setting status Type Duration group ) measure)
RCT, but not sufficient information to extract data
24 weeks
4x per week Blood plasma
55-85 Veteran Cognitive (45- sample cortisol was
Bakeretal., 33 (M= clinical impairme  aerobic 60mins/sessio (1x time reduced in
2010 (50%) 70) research unit  nt exercise  n) stretching  na) - women
Studies with experimental features, but non-RCTs
Saliva
24 weeks 3x sample Aerobic
per week (7x exercise
Drogos et 38 65.0 Generally Aerobic  (60min/sessio  No control CAR increased
al., 2019 (40%) (5.1) Freeliving healthy exercise  n) group and - CAR
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diurnal

slope)
Saliva
14 week 1x sample
Fouladbakh per week (after Yoga
shetal., 7 67 Cancer Cancer (40min/sessio  No control each decreased
2014 (33%) (6.5) supportcenter survivors Yoga n) group session) cortisol
Blood
20 weeks 2x sample
per week (1x Exercise did
Galvao et 10 70.3 Resistanc  (60min/sessio  No control mornin not change
al., 2006 (100%) (8.3)  Free living Cancer e n) group 9) cortisol
Generally
16 weeks healthy Strength
controls Blood training
2X per week receiving  sample produced no
(45- same (1x time systematic
Ibanez et 20 64.8 Metabolic Resistanc  60min/session interventio mornin change in
al., 2007 (100%) (2.6)  Free living -diabetic e ) n 9) cortisol
Saliva Qi gong
sample reduced
(5x cortisol
Ponzio et 28 64.82 Generally No control  diurnal levels across
al., 2015 (25%)  (1.45) Free living healthy Qigong 12 weeks group slope) the day
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Saliva

sample Exercise
Combine 12 weeks (1x reduced
Sancheset 12 71 Metabolic d (60min/sessio  No control  mornin cortisol
al., 2020 (0%) (2.9)  Free living —diabetic exercise  n) group 9) levels
Exercise
enhanced
No diurnal
exercise Saliva cortisol
12weeks 3x protocol sample profile
Tortosa- Neurology Cognitive per week (non- (5x compared to
Martinezet 39 75.64  unit from impairme  Aerobic  (60min/sessio  randomise diurnal the control
al., 2014 (41%) (7.18) hospital nt exercise  n) d) slope) - group
No
exercise Blood
Strength  12weeks 3x protocol sample Interventions
training /  per week (non- (1x did not alter
Valeetal., 35 68 Generally aquatic (50min/sessio  randomise  mornin cortisol
2009 (0%) (5.1)  Freeliving healthy exercise  n) d) 9) - levels
Generally Exercise
healthy Blood significantly
12 weeks 3x receiving  sample Blood decreased
per week (45- same (1x sample cortisol and
Alghadir & 80 69 Mood 60min/session interventio mornin  (1X cortisol/DHE
Gabr, 2020 (63%) (5.3)  Free living disorder  Aerobic ) n 9) morning) A ratio, and
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increased

DHEA
compared to
the healthy
training
group
High
DHEA-S
level Saliva Exercise
12 weeks +5x  compared sample training did
Aerobic/  per week to low (no not affect
Huang et 16 83.9  Institutionalis Generally resistanc  (60min/sessio DHEA-S informatio DHEA-S in
al., 2006 (0%) (0.85) ed healthy e n level - n either groups
Strength
Young training
12 weeks adults Muscle significantly
receiving sample improved
3x per week same (DHT) DHEA levels
Satoetal.,, 13 67.4 Generally Resistanc (short strength  interventio (1x in older adult
2014 (100%) (1.82) Free living healthy e session) n - morning group.

Note. Studies were excluded because they did not meet the a priori defined PICO criteria, or the available data was not clear enough to make

relevant assumptions about the research question.
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Appendix 2.6 Traffic light plot for risk of bias assessment: Observational studies

Risk of bias

Study

00000000
000000006
0000000 O
00000006
o) JOION N JL I X

00000000606
00000000

D1: Selection of participants Judgement
D2: Confounding Factors

D3: Measurement of exposure = Unclear
D4: Measurement of outcome . Low

D5: Incomplete outcome data
D6: Statistical analysis
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Traffic light plots for risk of bias assessment: Intervention studies

Risk of bias domains

Study

Domains:
D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.

D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.
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Appendix 2.7 Other sources of bias
Allocation (selection bias)

RCTs used random allocation, stratified sampling to randomise participants into either
intervention or control groups. However, some concerns arose because of the randomisation
in two studies. In one (Tada, 2018), a pragmatic approach was taken to the allocation of
participants to the intervention and control groups because community centres were unwilling
to be randomised so, participants were allocated to either group, based on their community
centre. In the other (Hersey et al., 1994), researchers honoured the requests of three

participants to enrol in a specific group to maximise adherence.
Blinding (performance bias and detection bias)

Saliva or blood sampling of cortisol and DHEA(S) is objective, so less affected by
lack of blinding than subjective outcomes. All included studies standardised the sample
timing and test environment as far as possible. Judgments about risk of bias arising from

methods used by included studies is therefore rated low.
Incomplete outcome data (attrition bias)

In the cross-sectional analyses, incomplete data (e.g., the occurrence of unusable
samples) was not clearly mentioned, and this would also be less likely to affect the main
outcomes as it consists of a one-point in time measurement. However, missing samples
implicate a decreased sample size, possibly increasing standard deviations, decreasing the
power of the analysis. In RCTs, the overall adherence in studies was never lower than
expected in studies that a priori incorporated attrition rates or performed power analyses.
Studies mentioned dropout rates as 'none’, as ‘few' or less than five; or as a percentage ranging
from 75 to 80% adherence. Some studies mentioned that, however, dropouts were present, or
that fewer dropouts were seen in the intervention group, or stated that although they registered

dropouts, it was not due to adverse effects of the intervention itself.
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Appendix 2.8 TiDieR checklist

Strategies used

) Who provided Where did Specificities  to maintain or
. Rationale (why) Mode of .
N receiving Name of : the . the about the improve
Study ID . : . : essential to the . . delivery . . : . e
intervention intervention . . intervention or intervention  intervention fidelity (if
intervention . (how)
supervision occur program any) and drop
outs
Aerobic intervention program
- 60min 2x
week12
weeks
- Exercise
group: mild 0
Registered to moderate 2070 drop out -
Dance . not willing to
.. dance- exercise
movement Effect of training on - do follow-up
Ho etal, 56 & 56 therapy & sychophysiological movement Grou Training program, assessments
2020 h siF():);I gu¥com%sy g therapist or P facility 15min warm hos italisatibn
Ex?e/rcise fitness up, 15min or F;ssin
instructor stretching awg 9
and joint y
movements,
15 min tower
exercises and
15min cool
down
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Strategies used

Rationale (why) Who provided Mode of Where did  Specificities  to maintain or
N receiving Name of : y the . the about the improve
Study ID . . . . essential to the . . delivery . . . . o
intervention  intervention . : intervention or intervention  intervention fidelity (if
intervention - (how)
supervision occur program any) and drop
outs
- 30min/day
3x week, 12
weeks
- Walking +
Buddhist !Effects Of stretching (+
! interventions on .
L walking . . Lo mindfulness
Prakhinkit meditation depression, Individual  University component)  Three dro
etal., 14 & 15 functional fitness, Researchers - hospital P P
2014 and_ . and vascular supervised setting : outs
traditional tivit il - W1-6: Mild
walking reactivity - miid- intensity (20-
moderate depression 39% HRR)
W7-12:
Moderate
(40-50%
HRR),
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Strategies used

. Who provided Where did  Specificities  to maintain or
- Rationale (why) Mode of :
N receiving Name of : the . the about the improve
Study ID . . . . essential to the . . delivery . . . . o
intervention  intervention . : intervention or intervention  intervention fidelity (if
intervention - (how)
supervision occur program any) and drop
outs
- 45min 3x
week
14weeks (35
total)
Effectiveness of - Chair
_— Chair-based = CBE on stress Institution : Attendance of
Rieping et . ) . . aerobic &
19 & 15 exercise markers in Professional Group training ) classes of 60-
al., 2019 TR - strength:
programmes institutionalised facility 5min 70%
older women warming up -
35min
moderate ex -
5min cooling
down
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Strategies used

. Who provided Where did  Specificities  to maintain or
- Rationale (why) Mode of :
N receiving Name of : the . the about the improve
Study ID . . . . essential to the . . delivery . . . . o
intervention  intervention . X intervention or intervention  intervention fidelity (if
intervention - (how)
supervision occur program any) and drop
outs
- Positive
reinforcement
Effect of a walking 12 K gzlijdt_llykgystem
programme on - Lo WEeKS cou;glc?n)mg
Ths @ weag  bedsisn il [T - Lign
N t P 4 CVD moderate - Two drop
Z)_/mp o&ns A walking outs due to
1omarkers health and one
due to lack of
commitment
- 60min/day
5x week 12 - Intervention
Instructions weeks was performed
Venturelli . To reduce symptoms from Individual _— L in
Aerobic of Alzheimer’s via . . Institution - Walking in  collaboration
etal., 20 X . physiotherapist - . s S
exercise downregulation of . (care-unit)  moderate with patients
2016 : and research supervised : : :
cortisol staff Intensity caregivers
"fastest"
walking - No drop out
speed
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Study ID

N receiving
intervention

Name of
intervention

Rationale (why)
essential to the
intervention

Who provided
the
intervention or
supervision

Mode of
delivery
(how)

Where did
the
intervention
occur

Specificities
about the
intervention
program

Strategies used
to maintain or
improve
fidelity (if
any) and drop
outs

Vrinceanu
etal.,
2019

12 & 14

Aerobic
exercise
(AE) and
dance-
movement
therapy
(DMT)

If training affects
cortisol awakening
response

Professional

Group

training
facility

- 60min/day
3x week 12
weeks

- Standards of
American
Dance
Therapy
Association;

- A. 20min
60% of
Maximal
Aerobic
Power
(MAP)

- B. interval
training 60-
100% MAP.

21 drop outs
(AE= 6,
DMT=11, and
waitlist= 4)
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Strategies used

. Who provided Where did  Specificities  to maintain or
- Rationale (why) Mode of :
N receiving Name of : the . the about the improve
Study ID . . . . essential to the . . delivery . . . . o
intervention  intervention . : intervention or intervention  intervention fidelity (if
intervention - (how)
supervision occur program any) and drop
outs
- Monthly
- 24 weeks activity logs
and record
- Pedometer-  step count at
Effects of \?vaasli?n end oilrt]flle S"’Ey f
intervention for g - monthly brie
Yamada sarconenia Home- programme -  feedback by
etal., 71 Walking Pe! NA Individual Walk withan  mail
prevention on based :
2015 ankle weight
muscle mass and - 98:6%
anabolic hormones - Increase adherence rate
daily steps by - No fall
10% each incident or
month health
problems

Resistance training intervention
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Strategies used

. Who provided Where did  Specificities  to maintain or
- Rationale (why) Mode of :
N receiving Name of : the . the about the improve
Study ID . . . . essential to the . . delivery . . . . o
intervention  intervention . : intervention or intervention  intervention fidelity (if
intervention - (how)
supervision occur program any) and drop
outs
- 3x week 24
weeks
- Low
intensity:
50% of 1 RM
Low- (13 .
intensity and FePetitions) 5504 grop outs
.h'gh . Effects of low- . - High- (not a!dhermg
intensity L . Individual - . o to training
Borst et o4 & 92 resistance versus high-intensity NA ) Training Intensity: rotocol
al., 2002 . training on . facility 80%of LIRM P "
training supervised inconvenience
hormones (8
(MedX . or personal
) repetitions)
resistance reasons)
machines) - Load
increased by
5 when RPE
dropped
below 18
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Study ID

N receiving
intervention

Name of
intervention

Rationale (why)
essential to the
intervention

Who provided Mode of Where did
the ) the
. . delivery . .
intervention or intervention
-~ (how)
supervision occur

Strategies used
to maintain or
improve
fidelity (if
any) and drop
outs

Specificities
about the
intervention
program

Hersey et
al., 1994

16 & 17

Endurance
and
resistance
training

Whether training
alters DHEA levels
in older adults

Individual
Researchers -
supervised

Training
facility

- 3x week 24
weeks

- Walking at
50% HRR for
20-40min to
75-85% HRR
for 35-45min

-10
resistance
machines
targeting the
whole body,
submaximal.
to maximal
intensity.
(unable to
complete full
range of
motion)

Five drop outs
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Strategies used

. Who provided Where did  Specificities  to maintain or
- Rationale (why) Mode of :
N receiving Name of : the . the about the improve
Study ID . . . . essential to the . . delivery . . . . o
intervention  intervention . : intervention or intervention  intervention fidelity (if
intervention - (how)
supervision occur program any) and drop
outs
- 60 min 3x
week 12
weeks (36
Whether cortisol sessions)
Vigorous level changes were Individual -
Mura et . . ; . Training - Warm up
al.. 2014 21 phty_/s!fal ass%mﬁted Wflttthr?L Professional - e facility 10min (60% Two drop outs
activity changes after a supervise HRR), active
exercise program phase 45min
(60-84%) and
cool down
10min
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Strategies used

. Who provided Where did  Specificities  to maintain or
. Rationale (why) Mode of :
N receiving Name of . the . the about the improve
Study ID . . . . essential to the . . delivery . . . . o
intervention  intervention . X intervention or intervention  intervention fidelity (if
intervention - (how)
supervision occur program any) and drop
outs
- 60min 3x
week 12
weeks 5 drop outs
Resistance - INT (cjgfntoliggzé
Effect of training on - increase ~
Sonetal., band i I Researchers Training 4 (exercise
2020 10 exercise ageing-related and trainers Group facility every group= 2
trainin hormones weeks (W1- control group=
: 4:4050% o g P=
13-14 RPE -> ]2 f“ots' e
W9-12: 60-  CTTECE
70% 15-16
RPE
- 20min/day - Reminder
daily 24 letter after 3
32 . . weeks months
Resistance Effects of exercise to
Tada, trainin improve mental NA Individual Home-
2018 Th gB O h pl th based -12-13rated - Lower
(Thera-Band)  hea perceived dropout rate in
exertion intervention
(RPE) group

Combined training intervention
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Study ID

N receiving
intervention

Name of
intervention

Rationale (why)
essential to the
intervention

Who provided Mode of Where did
the ) the
. . delivery . .
intervention or intervention
-~ (how)
supervision occur

Strategies used
to maintain or
improve
fidelity (if
any) and drop
outs

Specificities
about the
intervention
program

Kim et
al., 2018

Combination
of aerobic
and
resistance
training

Effect of training on
HRV and dynamic
pulmonary function
in obese older adults

Individual

supervised

Researchers Training

facility

-90-120 min
3x week 12
weeks

- Aerobic
(AE) exercise
ona
treadmill,
aerobic
exercise on a
bicycle, and
elastic
resistance
(RES)
training (30-
40min).

No drop outs
mentioned

- AE: 60% of
HRmax,
RES: 60-70%
of 1IRM
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Strategies used

. Who provided Where did  Specificities  to maintain or
- Rationale (why) Mode of :
N receiving Name of : the . the about the improve
Study ID . . . . essential to the . . delivery . . . . o
intervention  intervention . X intervention or intervention  intervention fidelity (if
intervention - (how)
supervision occur program any) and drop
outs
- 50min 3x
week 12
weeks
Resistance - For
Banitalebi 12& 12 & training cEgL(asZtcsu?{ve trainin Trainin endurance:
etal., 1 before or AE/RES on 9 Professional Group facilit g 60% HRmax  20% drop out
2018 after aerobic hormonal status y cycling, For
exercise resistance:
40% of 1RM
ACSM

guidelines for

progression
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Strategies used

) Who provided Where did  Specificities  to maintain or
- Rationale (why) Mode of :
N receiving Name of : the . the about the improve
Study ID . . . . essential to the . . delivery . . . . o
intervention intervention . : intervention or intervention  intervention fidelity (if
intervention - (how)
supervision occur program any) and drop
outs
- 45 min 2-3x
week 28
weeks (74
sessions)
- Contacted
- Chair- after 2
Chair elastic- Effect of exercise on multlr_nodal consecutive
band muscle steroid hormones exercise absences
Furtado et 20 & 21 strength ex and functional Professional Grou Training ACSM
al., 2020 and chair- TR . P facility guidelines for - No drop out
; disabilities in frail ; T
multimodal older women progression due to injuries
exercise or adverse

- Multimodal:
50-75%
HRmax (low-
moderate),
Elastic-band:
55-80%

responses to
intervention

395



Strategies used

. Who provided Where did  Specificities  to maintain or
- Rationale (why) Mode of :
N receiving Name of : the . the about the improve
Study ID . . . . essential to the . . delivery . . . . o
intervention  intervention . : intervention or intervention  intervention fidelity (if
intervention - (how)
supervision occur program any) and drop
outs
- 2-3x Iweek
14 weeks
-50- 75 HR
max 7 min
. rm-up 1
. Effects on cortisol warm-up ° 20% drop out
Combined ! . - min elastic .
Furtado et . and link with . Training equal in
32 chair-based . Professional Group - band ex, 15 :
al., 2021 . functional status and facility . exercise and
exercise mental well-being min of control group
balance ex,
15min of gait
speed
training,
7min cool
down
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Strategies used

. Who provided Where did  Specificities  to maintain or
- Rationale (why) Mode of :
N receiving Name of : the . the about the improve
Study ID . . . . essential to the . . delivery . . . . o
intervention  intervention . : intervention or intervention  intervention fidelity (if
intervention - (how)
supervision occur program any) and drop
outs
- 60min/day
3x week 12
weeks
- 20min of
resistance
Combination band oe 4
of aerobic Effects of training g)(;erc_:lses
Haetal., 10 and on insulin resistance Researcher Grou Training rlr:(l_n No drop out
2018 anaerobic and ageing-related P facility ng:\r/llg P
(resistance)  hormones elines f
exercise guidelines for

progression

- 40-70%
HRR (mild-
moderate)

Mind-body intervention
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Strategies used

. Who provided Where did  Specificities  to maintain or
- Rationale (why) Mode of :
N receiving Name of : the . the about the improve
Study ID . . . . essential to the . . delivery . . . . o
intervention  intervention . : intervention or intervention  intervention fidelity (if
intervention - (how)
supervision occur program any) and drop
outs
- Missed
- 60min/day  classes:
3x week 12 contacted by
c Exercise toreduce oo Traini weeks phone call or
ampo et A o . Xperience raining mail
al., 2013 32 Tai Chi ?ggtc:)rllsc disease risk instructor Group facility - 20-25
movements, - Lower
seated if dropout in
needed intervention
group
- 2-3x week
14 weeks (32
sessions) - Contacted
fter 2
- - Hatha yoga a .
Furtadoet Chair-yoga ifgeftgrggg;'gr? don Professional Grou Training and its asanas cgnsecutwe
al., 2016 exercise ' P facility absences
alpha amylase - 50-750
50-75%
- 65-75%
max HR dh ¢
(low- adherence rate
moderate
ACSM)
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Strategies used

. Who provided Where did  Specificities  to maintain or
- Rationale (why) Mode of :
N receiving Name of : the . the about the improve
Study ID . . . . essential to the . . delivery . . . . o
intervention  intervention . : intervention or intervention  intervention fidelity (if
intervention - (how)
supervision occur program any) and drop
outs
- 60min/day
3x week 12
weeks
. . - Static or
Yoga & Physical function & o dynamic
Imetal.,, hormonal status for . Training
14 Korean Professional Group - balance No drop outs
2019 q postmenopausal facility .
ance exercise,
women :
stretching,
breathing,
meditation
- RPE 12-13
- 60min 2x
Effects of training week 12
on serotonin, weeks 4 arop outs
Luetal., . cortisol, BDNF Qualified Training iah (exerclse
2020 14 Qigong levels and their instructors Group facility . Elq t group=1,
. Section control group
effects of depressive
Brocades 3)

symptoms
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Strategies used

Rationale (why) Who provided Mode of Where did  Specificities  to maintain or
N receiving Name of : y the . the about the improve
Study ID . . . . essential to the . . delivery . . . . o
intervention  intervention . X intervention or intervention  intervention fidelity (if
intervention - (how)
supervision occur program any) and drop
outs
- 45min 3x
week 12
week (36
sessions)
- 8 forms of
movement
(Eight-
Effects of training Section
Tsang et on psychological, Qualified Training 5&%?)?; No adverse
al., 2013 17 Qigong physical ar_ld . instructors Group facility effects
neurophysiological - Mindfulness

markers

and rhythmic
breathing at
the beginning
and in-
between
successive
cycles
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Appendix 2.9 Forest plot for cortisol, sub-grouped by intensity.

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI I, Random, 95% CI
1.9.1 Low-moderate
Tada 2018 014 001 32 017 002 29 B.2% -1.80 -2.51,-1.29]
Kirn 2018 0.23 006 10 041 012 10 3.9% -1.82 [-2.90,-0.74]
Wenturelli 2016 7B 1.7 20 12.1 32 20 55% -1.72 [-2.46,-0.99]
Wrinceanu 2018 17 f.1 12 246 602 14 4.9% -1.22 [-2.07,-0.36]
Campo 2015 2465 818 29 2995 7.8 28 B.6% -0.65[-1.20,-0.10]
Banitalehi 2018 238 447 24 2594 133 12 87% -0.61 [-1.32, 0,10 T
Furtado 2016 0.62 016 20 073 022 19  5.8% -0.57 [-1.26, 0.11] T
Prakhinkit 2014 123 336 14 13.7 25 13 5.4% -0.46 [-1.22,0.31] —
Furtado 2020 021 012 20 0.27 017 19  B1% -0.40[-1.04,0.23] -
Tsang 2013 -2.61 807 14 0.89 907 16 5.6% -0.38 [-1.10, 0.35] —
Furtado 2021 0.26 009 17 0.31 nz 19  67% -0.32[-1.02,0.38] —
Ho 2020 49 27 56 5.4 34 55 7.6% -0.19 [-0.57,0.18]
Lu 2020 107.24 1963 14 109.65 1958 16 5.6% -0.12 [-0.84, 0.60O] —
Rieping 2019 0.3 023 34 0.3 014 13 BA% 0.00 [0.64, 0.64] —
Sin 2015 384 291 a4 386 299 24 B.9% 0.03 [F0.47, 053] -
Subtotal (95% CI) 360 296 87.8% -0.65 [-0.96, -0.33]

Heterogeneity: Tau®= 0.27, Chi®= 50010, df = 14 (P <= 0.00001); F= 72%
Test for overall effect: 2= 3.99 (P = 0.0001)

1.9.2 Moderate-high

Mura 2014 188.36 3856 21 23374 7974 21 B.2% -0.71 [-1.34,-0.09]
Borst 2002 120 469 22 125 G0 16 B.1% -0.09 [-0.74, 0.55] _
Subtotal (95% CI) 43 37 12.2% -0.41[-1.01,0.20] -

Heterooeneity: Tau®= 0.09; Chi®=1.82, df=1 (F=0.18), F= 45%
Test for overall effect: £=1.32 (P=0.19)

|
' 3 ’MWHHM

Total (95% CI) 403 333 100.0% -0.61 [-0.90, -0.33]

LR 3
Favours [experimental] Favours [control]

Heterogeneity: Tau®= 0.24; Chi®= §2.23, df= 16 {F = 0.0001); F= 68%
Test for overall effect: 2= 4,23 (P = 0.0001}
Test for subgroup differences: Chi*= 047, df=1 (P =0.49), F= 0%

=

Forest plot for cortisol, sub-grouped by duration.

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.8.1 12 weeks
Kirn 2018 0.23 006 10 041 012 10 3.9% -1.82 [-2.40,-0.74]
Wenturelli 2016 76 1.7 20 12.1 32 20 5.5% -1.72[-2.46,-0.99]
Wrinceanu 2019 17 6107 12 246 602 14 4.9% -1.21 [-2.06,-0.36]
Mura 2014 188.36 3858 21 23374 T974 21 B.2% -0.71[-1.34,-0.09]
Campo 2015 2465 818 29 2995 7.8 25 B.6% -0.65 [-1.20,-0.10]
Banitalehi 2018 136 447 24 1584 133 12 87% -0.61 [-1.32,0.10] T
Prakhinkit 2014 123 336 14 13.7 24 13 5.4% -0.46 [-1.22,0.31] —
Tsang 2013 -2.61 4907 14 083 907 16 5.6% -0.38 [-1.10, 0.35] -
Ho 2020 449 27 56 5.4 34 55 7.6% -0.19[-0.57,0.18] —
Lu 2020 107.24 19.63 14 109.65 19.598 16 59.6% -0.12 [-0.84, 0.60] —
Rieping 2019 0.3 023 34 0.3 014 13 BA% 0.00 [-0.64, 0.64] —
Sin 2015 3484 291 14 386 299 24 B.A9% 0.03 [F0.47,0.52] —
Subtotal (95% CI) 292 239  70.0% -0.58 [-0.89, -0.27]

Heterogeneity: Tau®= 0.18; Chi®= 30017, df= 11 (P = 0.001); F= 64%
Test for overall effect; 2= 3.65 (P = 0.0003)

1.8.2 +12 weeks

Tada 2018 014 001 32 01y 002 29 B.2% -1.80 [-2.51,-1.29]

Furtado 2016 062 016 20 073 032 15  58% -0.87 [-1.26,0.11] B
Furtado 2020 021 012 20 027 017 19  B1% -0.40[-1.04,0.23] —
Furtado 2021 026 009 17 0.31 nz 15 47% -0.32[-1.02,0.38] _
Borst 2002 120 4649 22 125 &0 16 B1% -0.09[-0.74, 0.55] _
Subtotal (95% CI) 111 94 30.0% -0.67 [-1.32, -0.01]

Heterogeneity, Tau®= 0.45; Chi®= 2036, df= 4 (F = 0.0004}; F= 280%
Test for overall effect: Z=1.98 (P = 0.05)

|
v ‘MHMH

Total (95% CI) 403 333 100.0% -0.61 [-0.90, -0.33]

, , , ,
-2 -1 1 2
Favours [experimental] Favours [control]

Heterogeneity: Tau®= 0.24; Chi®= 52.23, df= 16 {P = 0.0001}; F= 63%
Test for overall effect: £=4.23 (P =< 0.0001)
Test for subgroup differences: Chi*=0.06, df=1 (F=0.81), F=0%

[
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Forest plot for cortisol, sub-grouped by health status.

Experimental Control Stil. Mean Difference Stil. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.5.1 Generally healthy
Tada 2018 014 001 3z 017 002 29 B.3% -1.90[-2.51,-1.29] i
Wrinceany 2019 16.97 B 12 246 G602 14 4.9% -1.22 [-2.07,-0.37] —
Mura 2014 188.36 3858 21 23374 Ta74 21 B.2% -0.71[-1.34,-0.09] e
Banitalehi 2018 136 447 24 1594 133 12 87T% -0.61 [-1.32,0.10] —
Furtado 2016 0.62 016 20 073 022 19  59.8% -0.57 [-1.26, 0.11] ——
Furtado 2021 0.26 009 17 0.3 nz 19  &57% -0.32 [-1.02, 0.38] I
Borst 2002 120 469 22 125 1] 18 BA% -0.09 [-0.74, 0.55] T
Rieping 2019 0.3 023 34 0.3 014 13 BA% 0.00 [-0.64, 0.64] -
Sin 2015 394 291 14 386 299 24 B.A% 0.03 [0.47, 053] -1
Subtotal (95% CI) 226 159 53.7% -0.59 [-1.02, -0.15] L
Heterogeneity: Tau®= 0.32; Chi®= 31.78, df= 8 (P = 0.0001); F= 75%
Test far overall effect: 2= 2.66 (P = 0.008)
1.5.2 Mood disorders
Prakhinkit 2014 11.9 3 14 137 2582 13 8.3% -0.63 [-1.40,0.15] —
Tsang 2013 -2.61 807 14 0.89 907 16 5.6% -0.38 [-1.10, 0.35] —
Lu 2020 107.24 1963 14 109.65 1958 16 5.6% -0.12 [-0.84, 0.60] — T
Subtotal (95% CI) 42 45  16.5% -0.36 [-0.79, 0.06] L
Heterogeneity: Tau®= 0.00; Chi®*=0.88, df= 2 (P = 0.64); F= 0%
Test for overall effect: Z=1.66 (P=0.10)
1.5.4 Other
Kirn 2018 0.23 006 10 041 012 10 3.9% -1.82 [-2.90,-0.74] —
Wenturelli 2016 7B 1.7 20 12.1 32 20 55% -1.72 [-2.46,-0.99] e
Campo 2015 2465 818 29 2995 7.8 25 B.6% -0.65[-1.20,-0.10] —
Furtado 2020 021 012 20 0.27 017 19  B1% -0.40[-1.04, 0.23] T
Hao 2020 49 27 56 8.9 34 55 7.6% -0.19 [-0.57,0.18] -
Subtotal (95% CI) 135 129 29.8% -0.86 [-1.46, -0.26] <D
Heterogeneity: Tau®= 0.35; Chi®= 18.76, df= 4 (P = 0.0009); F= 79%
Test for overall effect: Z=2.82 (P = 0.005)
Total (95% CI) 403 333 100.0% -0.62 [-0.91, -0.34] *
Heterogeneity: Tau®= 0.24; Chi*= 52 27, df = 16 (P = 0.00001}; I*= 68% B + 3 1 1

Test for overall effect: 2= 4.30 (P = 0.0001})
Test for subaroup differences: Chi*=1.81, df= 2 (P =040, F=

0%

Forest plot for cortisol, sub-grouped by sex

Favours [experimental] Favours [control]

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI I/, Random, 95% CI
1.7.1 Both
Tada 2018 014 00 32 01y 002 29 B.2% -1.80 [-2.581,-1.29]
Wenturelli 2016 7.6 1.7 20 121 3z 20 5.5% -1.72 [-2.46,-0.59] e —
Vrinceanu 2018 17 61 12 246 602 14 4.9% -1.21 [-2.06, -0.36] -
Mura 2014 188.36 38.56 21 23374 7974 21 B.2% -0.71 [-1.34,-0.09] E—
Tsang 2013 -261 907 14 0.89 907 16 4.6% -0.38 [-1.10, 0.35] 1
Ho 2020 449 27 a6 55 34 a5 T.6% -019 [-0.57,0.18] T
Lu 2020 107.24 1963 14 109.65 1958 16 5.6% -0.12 [-0.84, 0.60] I —
Borst 2002 120 4649 22 125 60 16 B.1% -0.09 [-0.74, 0.55] T
Sin 2015 394 29 44 386 299 24 B.A% 0.03 [F0.47, 052 T
Subtotal (95% CI) 235 211 54.7% -0.68 [-1.15, -0.20] e
Heterogeneity, Tau®= 0.42; Chi®= 43.29, df= 8 (P = 0.000013; F= 82%
Test for overall effect: Z=2.81 (P = 0.005)
1.7.2 Female
Kim 2018 0.23 008 10 041 012 10 3.9% -1.82 [-2.90,-0.74] I
Campo 2015 2485 818 29 28095 T8 25 B.6% -0.65 [-1.20,-0.10] -
Banitalehi 2018 236 447 24 75484 133 12 87% -0.61 [-1.32,0.10] T
Furtado 2016 062 016 20 073 022 15 5.8% -0.57 [-1.26,0.11] T
Prakhinkit 2014 123 338 14 137 24 13 5.4% -0.46 [-1.22,0.31] ——
Furtado 2020 021 012 20 0.2y 017 19 B.1% -0.40 [-1.04,0.23] 1
Furtado 2021 0.26 0.09 17 0.1 0.z 15 8.7% -0.32[-1.02,0.38] 71
Rieping 2019 0.3 023 34 0.3 014 13 BA% 0.00 [0.64, 0.64] T
Subtotal (95% CI) 168 122 45.3% -0.52 [-0.79, -0.24] <&
Heterogeneity: Tau®= 0.03; Chi*= 886, df=7 (P=0.26); F=21%
Test for overall effect: Z= 3.66 (P = 0.0003)
Total (95% CI) 403 333 100.0% -0.61 [-0.90, -0.33] <%
Heterogeneity: Tau®= 0.24; Chi*= 52 23, df = 16 (P < 0.0001); F = 65% L 3 ] 3

Testfor overall effect: 2= 4.23 (P = 0.0001}

Test for subaroup differences: Chi*= 0.34, df=1 (P = 0.56), F= 0%
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Appendix 3.1 Electronic database search strategy

Pubmed 08/10

("Adult" OR "Adult"[Mesh] OR "Aged"[Mesh] OR "Middle Aged"[Mesh] OR "Aged, 80 and
over"[Mesh] OR "Frail Elderly"[Mesh] OR ‘older adults' OR elderly) AND
("Exercise"[Mesh] OR exercise OR "Exercise Therapy"[Mesh] OR "Exercise Test"[Mesh]
OR "Circuit-Based Exercise"[Mesh] OR "Physical Exertion"[Mesh] OR "Physical
Fitness"[Mesh] OR "Sedentary Behavior"[Mesh] OR "Sedentary behaviour" OR ‘sedentary
behavior’ OR "Healthy Lifestyle"[Mesh] OR "Life Style"[Mesh] OR "Health
Behavior"[Mesh] OR "Healthy Aging"[Mesh] OR "Yoga"[Mesh] OR yoga OR "Tai
Ji"[Mesh] OR ‘Tai Chi’ OR ‘sedentary lifestyle’ OR ‘sedentary time’ OR ‘physical activity’
OR Leisure time OR ‘Mind-body’ OR ‘mind body’) AND (cortisol OR distress OR HPA axis
OR 'HPA axis’) AND ("Sleep”[Mesh] OR sleep[Text Word] OR "Sleep, REM"[Mesh] OR
"Sleep Stages”[Mesh] OR "Sleep Hygiene"[Mesh] OR sleep quality[Text Word] OR sleep
duration[Text Word] OR polysomnography[Text Word] OR electroencephalogram[Text
Word] OR actigraphy[Text Word] OR sleep observation[Text Word] OR subjective
sleep[Text Word] OR sleep hygiene[Text Word] OR circadian[Text Word])

1,102 results

Cochrane 17/05

703 results

PsychINFO 17/05

Adults or middle aged adults or elderly or senior or older people or older adults

exercise or physical activity or fitness or physical exercise or leisure time or sedentary

behavior or sedentary behaviour or sedentary time or yoga or tai chi or taj ji or mind body

cortisol or hpa axis or hypothalamic pituitary adrenal axis
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sleep or sleep quality or sleep hygiene or sleep duration or sleep deprivation or sleep
disturbance or sleep quality or sleep quality or polysomnography or actigraphy or sleep

quality or subjective sleep or objective sleep
75
OVID

((adults or middle aged adults or elderly or senior or older people or 65+ or older adults) and
(exercise or fitness or Exercise Therapy or Physical Exertion or Physical Fitness or Sedentary
Behavior or sedentary behaviour or Yoga or Tai Chi or mind body) and (stress or cortisol or
hpa axis or hypothalamic pituitary adrenal axis) and (sleep or sleep quality or sleep hygiene or
sleep duration or sleep deprivation or sleep disturbance or sleep quality or sleep quality or
polysomnography or actigraphy or sleep quality or subjective sleep or objective sleep)).mp.
[mp=title, abstract, original title, name of substance word, subject heading word, floating sub-
heading word, keyword heading word, organism supplementary concept word, protocol
supplementary concept word, rare disease supplementary concept word, unique identifier,

synonyms]

277

CINAHL

Adults or middle aged adults or elderly or senior or older people or older adults

exercise or physical activity or fitness or physical exercise or leisure time or sedentary

behavior or sedentary behaviour or sedentary time or yoga or tai chi or taj ji or mind body
cortisol or hpa axis or hypothalamic pituitary adrenal axis

sleep or sleep quality or sleep hygiene or sleep duration or sleep deprivation or sleep
disturbance or sleep quality or sleep quality or polysomnography or actigraphy or sleep

quality or subjective sleep or objective sleep

52
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Web of Science

TS=("adults’ OR 'middle aged adults’ OR elderly OR 'older adults' OR '80 and over' OR '65 ye
ars' OR 'older population' OR "aged population’) AND TS=('Physical activity' OR "physical ex
ercise’ OR exercise OR fitness OR 'tai chi' OR 'taj ji' OR yoga OR 'mind-

body' OR 'mind body') AND TS=(cortisol OR 'hpa axis' OR 'hypothalamic pituitary adrenal a
xis") AND TS=(sleep OR 'sleep quality' OR 'sleep hygiene' OR 'sleep duration' OR 'sleep quali
ty' OR 'sleep quality' OR polysomnography OR actigraphy OR 'sleep quality' OR 'subjective s
leep' OR 'objective sleep’)

125
Clinical trials.gov

Interventional Studies | aged OR middle aged adults OR elderly OR senior OR "older people”
OR geriatric OR "frail elderly” OR "older adults" | exercise OR "physical activity" OR fitness
OR "physical exercise" OR yoga OR "tai chi" OR "taj ji" | cortisol OR hpa axis OR
hypothalamic pituitary adrenal axis OR stress OR distress OR sleep OR sleep quality OR
sleep hygiene OR sleep duration OR sleep deprivation OR sleep quality OR
polysomnography OR actigraphy

253 studies
Google scholar

allintitle: "adults" OR "older adults" OR ~aged OR ~exercise OR "physical activity" OR
~fitness OR yoga OR "taj ji" OR "tai chi" OR cortisol OR stress OR "HPA axis" OR

"perceived stress" OR sleep OR "Sleep hygiene" OR "sleep measurement"

all viewable results: 993
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Appendix 3.2 Transformations and computations
Computing the SD for Payne, 2008.

Cortisol outcome: As there was a mention of mean values for both groups in the normal range

of cortisol (6-23 mcg/dl) (Payne, 2008) p640, the SD was computed as follows:

Each outcome (8 mcg/dl for the experimental group and 9 mcg/dl for the control group) was
subtracted from the normal mean = 14.5 (mean of 6 and 23) and squared. Then, the mean was
taken of those squared differences. Finally, the square root was taken to find the SD of this
sample.

Sleep outcome: As the Pittsburg Sleep Quality Index in used in seven out of nine studies
included in the meta-analysis, we can take the mean and SD of those studies (of experimental

and control groups combined) to compute the SD of Payne, 2008.
Computing the mean and SD for the sleep outcome (PSQI) in Arikawa, 2013.

“Although both groups reported a significant decrease in PSQI score, there were no
differences between groups in sleep hours, bedtimes, or PSQI scores at the end of the study.”
p1635. Therefore, the mean of all included studies with a PSQI was reported as mean, with
the same calculation for the SD as done for Payne (2008)
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Appendix 3.3.1 Funnel plot by Egger for the cortisol outcome
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Appendix 3.3.2 Funnel plot by Egger for the sleep outcome
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Appendix 3.4,Characteristics of excluded studies with reasons for exclusion

Study Country Population Intervention Outcome R_ele_vant Reason_ for
findings exclusion
Sample Cortisol
size n Age . Health status Type — (times - Sleep
group duration measurement
(Yomale) measure)
Long-term
yoga group
= better
Middle- Blood sleep Not an
Veraetal., Spain 26 aged Generally n.a sample PSQI uality* and intervention
2009 P 36%) 9 healthy a (1x — quality :
adults . modulatory  design
morning) .
action on
cortisol
levels*
Training No measure
Reid et al;, us, 17 (.6%) QAdedle- Insomnia Aerobic — n.a PSQI programme Z: gortlsol
2010 Chicago 070) &g 16 weeks o = PSQI .
adults . ~  Dbiomarker
improved
for stress
Training Lack of
Mid- Saliva programme  control
Fouladbakhsh western 9 (33%) Older Lung cancer  Mind-body sample PSQI = PSQI group
etal., 2014 United adults survivors — 8 weeks P improved*,
(1x) .
States cortisol
decreased,
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Study Country Population Intervention Outcome R_eleyant Reason_ for
findings exclusion
Sample Cortisol
size n Age . Health status Type_— (times - Sleep
group duration measurement
(%omale) measure)
Exercise Lack of
training = control
reductionin  group
. . Blood cortisol
Passos et al., Brazil 21 g/lgdddle' Crri\rrr?grlc Aerobic — sample PSQI, correlated
2014 (24%) g P y 12 weeks (Ix - polysomnography were with
adults insomnia . ) .
morning) increases in
total sleep
time* and
REM sleep*
Training Lack of
Adults programme  control
. Blood -
and Combined =decrease  group
Leone et al., . Mood . sample . ;
Canada 7(n.a.) middle- . exercise — 8 SSQ in cortisol
2015 disorders (Ix -
aged weeks morning) levels and
adults g improved
sleep
. No measure
: . Training of cortisol
de Bruin et Netherlands 22 Adults Stress _ Ml_anuIness na. PSQ erpgramme as a
al., 2017 (15%) complaints training = improved .
* biomarker
sleep
for stress
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Study Country Population Intervention Outcome R_eleyant Reason_ for
findings exclusion
Sample Cortisol
size n Age . Health status Type_— (times - Sleep
group duration measurement
(%male) measure)
Middle- Respiratory  Urine Training Lack of
Garrido etal, Portugal 18 (0%) aged Fibromyalgia fur}ct_lonal sample PSQI, activimetry r_)rpgramme control
2017 adults training—8  (1x-— =improved group
weeks morning) sleep*
Training No measure
mindfulness programme  of cortisol
Grahn Osteoporotic  and may be asa
Kronhed,et Sweden 15 (0%) %ISEE vertebral modified n.a. Likert scale feasible to biomarker
al., 2020 fracture medical improve for stress
yoga stress and
sleep
Middle- Saliva Lack of
. aged . sample Yoga group  control
Zaccari etal., Portland, 17 Mind-body .
2020 Oregon (60%) and PTSD 10 weeks (?_,x — PSQI = |mriroved group
older diurnal sleep
adults slope)

Note. .2 Age groups: Adults: 26-47 years, Middle-aged adults: 48-64 years, Older adults 65 year or older
PSQI: Pittsburgh Sleep Quality Index, SSQ: Spiegel Sleep Questionnaire

* Marks significance in study
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Appendix 3.5 Discrepancy in participants’

Age groups

Older adults 0%

Middle
aged
adults
50%

Adults
50%
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characteristics across studies

Health state

Multiple sclerosis
10% B

Biological gender
Male

10%

Mood
disorders
10%

Breast
cancer
60%

Generally
healthy
20%

90%



Appendix 3.6.1 Meta-analysis of the cortisol outcome, by age groups.

Experimental Control Std. Mean Difference Sti. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Woeight IV, Random, 95% CI IV, Random, 95% CI
1.6.1 Adults only (26-47)
Arikawa 2013a a6 i 77 A4 i B4 21.0% -0.60 [F0.94,-0.26) —
Hilcowe 2020 -0.01 1.3 a1 049  1.69 39 124% -033F07F, 0.11] =T
Imbaoden 2021 2644 1952 22 3142 1684 20 fi.5% -0.27 [-0.88, 0.34] ——
Al-Sharman 2018 10.4 45 17 1101 3488 13 4.6% -0.14 [-0.87, 0.58] T
Subtotal (95% CI) 157 136 44.6% -0.43 [-0.66, -0.19] o
Heterogeneity: Tau®= 0.00; ChiF= 201, df=3(P=057) F=0%
Testfor overall effect £= 3,58 (F = 0.0003)
1.6.2 Adults and middle-aged adults (15-64)
Banasik 2010 233 009 7245 029 7 2.1% -0.82 [-1.60, 0.59] —
Ratcliff 2016 -0.104 004 53 -0.084 005 54 164% -0.44 [F0.82,-0.0%8) —
Ho 2018 -6.9 2 63 -633 1.849 a8 18.8% -0.29 [-0.65, 0.07] T
Chen 2013 -012  0.04 48 -011 005 47 15.0% -0.22 [-0.62,018) ——
Payne 2008 8 B.02 10 9  B.02 10 I1% -016[-1.04, 0,73 — T
Subtotal (95% CI) 182 176 55.4% -0.32 [-0.53, -0.11] &
Heterogeneity: Tau®= 0.00; ChiF=080, df=4 (P=053), F=0%
Test for overall effect £= 2,97 (F = 0.003)
Total (95% CI) 339 312 100.0% -0.37 [-0.52, -0.21] &
Heterogeneity: Tau®= 0.00; Chi*= 3.38, df= 8 (F =091}, F= 0% 52 51 D 15 5

Test for overall effect: 2= 4 61 (P = 0.00001)
Testfor subaroup differences: Chif= 048, df=1 (P=049, F=0%
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Appendix 3.6.2 Meta-analysis of the sleep outcome, by age groups.

Experimental

Control

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.6.1 Adults only (26-47)

Al-Sharman 2019 46 23 17 71 3.2 13 T5% -0.89 [-1.66,-0.13]

Hilcowe 2020 085 0484 41 1.24 064 38 13.0% -0.63 [-1.08,-0.18] I

Inhoden 2021 721 22 a5 44 20 9.7% -0.35 [F0.96, 0.26] 1
Arikawa 2013a 793 362 T7 O TA93 362 A4 159% 0.00[F0.33,0.33] —
Subtotal (95% CI) 157 136 46.1% -0.40 [-0.81, 0.00] e
Heterageneity: Tau®=0.10; Chi®= 7.54, df= 2 (P = 0.06);, F= 60%

Test for overall effect: £=1.96 {F = 0.05)

2.6.2 Adults and middle-aged adults (18-64)

Favnhe 2008 -3.58 362 10 2.2 362 10 19% -1.481 [-2.53,-0.45] —_—

Banasik 2010 1 0.89 7 1.57 0498 7 45% -0.57 [1.65, 0.51] .
Ratcliff 2016 67 31 a3 T3 3T a4 147% -0.17 084, 0.21] i

Ho 2016 7134 BA A 42 G4 156% -0.10 [F0.44, 0.29] -

Chen 2013 12 41 49 113 37 47 142% 018 [F0.22, 0.58] T
Subtotal (95% CI) 185 182 53.9% -0.23 [-0.59, 0.14] L3
Heterogeneity: Tau®=0.09; Chif=10.00, df=4 (P =0.04); F= 60%

Testfor overall effect: £=1.20(F=0.23)

Total (95% CI) 342 318 100.0% -0.30 [-0.56, -0.04] &
Heterogeneity; Tau?= 0.08; Chi*=18.82, df= 8 (P =002, F= 57% Eq 52 1 é i

Testfor overall effect £=2.27 (F=0.02)
Testfor subaroup differences: Chi*=040,df=1{F=053) F=0%
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Appendix 3.6.3 Meta-analysis of the cortisol outcome, by comparison groups.

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
1.4.1 Active control group
Ratcliff 2016 -0.104  0.04 A3 -0.084 005 a4 16.4% -0.44 [-0.82,-0.04] ——
Imboden 2021 2644 18952 22 31472 16849 20 B.5% -0.27 [0.88,0.34] [
Al-Sharman 2019 104 4.5 17 11.01 3488 13 1.6% -0.14 [0.87, 0.58] 1
Subtotal (95% Cl) 92 87 27.6% -0.35 [-0.64, -0.05] <
Heterogeneity: Tau®= 0.00; Chi®= 0488, df= 2 (P =0748); F= 0%
Test for overall effect 2= 230 (P =0.02)
1.4.2 Usual care or waiting list
Arikawa 2013a 56 A 7 58 A B4 21.0% -0.60 [-0.94, -0.26] —
Banasik 2010 233 008 T 245 029 7 21% -0.A2 [1.60, 0.54] —
Hilcove 2020 -0.01 1. 41 049  1.69 39 124% -0.33F0FT, 001] I
Ho 2018 -6.9 2 B3 -B.33 189 a8 18.8% -0.29 [-0.65, 0.07] —T
Chen 2013 -012 004 48 -011 005 47 140% -0.22 062, 0.148] =T
Payne 2008 8 602 10 8 @02 10 3% -016[1.04, 0772 e E—
Subtotal (95% CI) 247 225 T2.4% -0.37 [-0.55, -0.19] &
Heterogeneity: Tau®= 0.00; Chi®= 2.78, df =5 (P=073); F= 0%
Test for owverall effect £=4.00 (P = 0.0001}
Total (95% CI) 339 312 100.0% -0.37 [-0.52, -0.21] &
Heterageneity: Tau®= 0.00; ChiF= 3.38, df= 8 (P = 091}, F=0% 52 51 7 15 é

Test for owverall effect £= 4.61 (P = 0.00001%
Testfor subaroup differences: Chi*= 002, df=1 (P =0.85), F= 0%
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Appendix 3.6.4 Meta-analysis of the sleep outcome, by comparison groups.

Experimental

Control

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.4.1 Active control group

Al-Sharman 2014 46 2.3 17 713z 13 7.5% -0.89 [-1.66,-0.13]

Imboden 2021 T2 024 22 a5 44 20 9.7% -0.35 [-0.96, 0.26] —
Ratcliff 2016 67 31 a3 733 a4 147% -0.17 085, 0.21] —
Subtotal (95% CI) 92 87  31.9% -0.36 [-0.74, 0.01]

Heterogeneity, Tau*=0.03, Chi*=2.75, dfi=2 (P=0.29), F= 27T%

Test for averall effect Z=1.92 (P = 0.08)

2.4.2 Usual care or waiting list

Payne 2008 -3.5 382 10
Hilcowve 2020 085 0.59 4
Banasik 2010 1 0.89 ¥
Ho 2016 7138 66
Arikawa 20133 783 362 7T
Chen 2013 12 41 49
Subtotal (95% Cl) 250

2.2
1.24
1.57

7.8
783
1.3

.62 10
0.64 39
0.9g 7
42 64
362 64
ar 47
231

4.9%
13.0%

4.5%
15.6%
15.9%
14.2%
68.1%

Heterogeneity, Tau*=011; Chi*=1517, di= 5 (P=0010);, F=67%

Testfor averall effect Z=1.54 (F=012)

Total (95% CI) 342

318

100.0%

Heterogeneity, Tau*= 008, Chi*f=1882, df=8 (P=00%; F=57%

Test far overall effect: = 227 (P = 0.0

Testfor subgroup diferences Chif=012, df=1{P=073 F=0%
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-1.81 [2.53,-0.49]
-0.63[-1.08 -0.18]
-0.57 .65, 0.51]
-0.10[-0.44, 0.258]

0.00 [F0.33, 0.33]

018 [-0.22, 0.58]
-0.27 [-0.62, 0.08]

-0.30 [-0.56, -0.04]
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Appendix 3.6.5 Meta-analysis of the cortisol outcome, by intervention type.

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.7.1 Aerobic
Arikawwa 20133 a6 ] 7T a9 A 64 21.0% -0.60 [-0.94, -0.26] e
Imboden 2021 264.4 1952 22 3142 16849 20 B.5% -0.27 [0.88,0.34] I
Fayne 2008 8 602 10 9 B.02 10 31% -016 [1.04,0.72]
Al-Sharman 20189 104 4.5 17 11.01 358 13 4 6% -0.14 [F0.87, 0.58] e
Subtotal (95% CI) 126 107  35.3% -0.44 [-0.70, -0.18] -
Heterogeneity: Tauf=0.00; Chi*= 217, df=3 (P=0584), F=0%
Testfor overall effect: 2= 3.28 (F=0.001)
1.7.2 Mind-body
Banasik 2010 233 009 T 245 028 7 21% -0.52 [-1.60, 0.55]
Ratcliff 2016 -0.104  0.04 53 -0.084 0.04 54 16.4% -0.44 [F0.82,-0.05] I —
Hilcave 2020 -0.01 1. 41 049 1.649 38 124% -033 07T, 011] e —
Ho 2018 -6.49 2 F3 -6.33 1.849 58 18.8% -0.29 [-0.65, 0.07] —
Chen 2013 -012 0 004 49 -0.11  0.04 47 18.0% -0.22 [F0.62,0.18] —_— 1
Subtotal (95% CI) 213 205  64.7% -0.33 [-0.52, -0.13] b3
Heterageneity: Tauw®=0.00; Chi*=0.77, df=4 (F=0.94) F=0%
Test for overall effect: £=3.31 (P = 0.000&)
Total (95% CI) 339 312 100.0% -0.37 [-0.52, -0.21] <
Heterogeneity: Tau?= 0.00; Chi*= 3.38, df= 8 (P= 0.91) F= 0% 51 —DI.S 5 IZI?E 15

Testfor overall effect: £=4.61 (P = 0.00001)
Testfar subagroup diferences: Chi*=0.45, df=1 (P =050, F= 0%
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Appendix 3.6.6 Meta-analysis of the sleep outcome, by intervention type.

Experimental

Control

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl I, Random, 95% CI
2.7.1 Aerobic

Fayne 2008 -35 362 10 2.2 362 10 4.9% -1.81 [2.53,-0.44]

Al-Sharman 2019 465 2.3 17 713z 13 75% -0.89 [-1.66,-0.13] I —

Imbaden 2021 T2 0249 22 8.8 44 20 9.7% -0.35 [-0.96, 0.26] —_— 1
Arikawa 2013a T893 3m2 7T TH3 362 Fd4 1549% 0.00 [-0.33,0.33] I
Subtotal (95% CI) 126 107 38.0% -0.56 [-1.16, 0.03] ot
Heterogeneity, Tau*= 026, Chif= 1084 df=3 (P =001}, F=72%

Test far averall effect. £=1.85 (P = 0.06)

2.7.2 Mind-boxly

Hilcave 2020 085 0549 41 124 064 38 13.0% -0.63 [-1.08,-0.18] e —

Banasik 2010 1 089 T 1487 0493 7 4.5% -0.57 [-1.65, 0.51] e
Ratcliff 2016 BT 31 53 73 3T 54 14.7% -0.17 [-0.585, 0.21] 1

Ho 2016 T1 349 414 7a 42 G4 15.6% -0.10[-0.44,0.25] T

Chen 2013 12 41 439 113 37 47 14.2% 0.18[-0.22,0.58] 1
Subtotal (95% CI) 216 211 62.0% -0.19[-0.47, 0.09] P
Heterogeneity: Tau*=0.04; Chi®= 757 di=4 (P=011) F=47%

Testfor averall effect £=1.234 (P=018)

Total (95% CI) 342 318 100.0% -0.30 [-0.56, -0.04] <D
Heterogeneity: Tau®= 0.08; Chif=18.82, df= 8(P=0.02), F= 57% 52 51 5 15 é

Testfor averall effect £=2.27 (P=0.02
Test for subgroup differences: Chi= 124, df=1 (P=027) F=19.4%
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Appendix 3.6.7 Meta-analysis of the cortisol outcome, by cortisol measurement.

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean  SD Total Mean  SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.9.1 Diurnal cortisol slope
Banasik 2010 233 008 ¥o245 029 7 21% -0.52 [-1.60, 0.55] e E—
Chen 2013 -012 004 49 -011 004 47 150% -0.22 062, 0.18] — T
Hilcave 2020 001 1.3 41 049 1649 39 124% -0. 33077, 011] —
Ho 2018 -6.9 2 63 -6.33 1.84 58 188% -0.29 [-0.65, 0.07] —
Ratcliff 2016 -0.1 004 53 -0.08 004 54 164% -0.44 [-0.82,-0.05] —_—
Subtotal (95% CI) 213 205 64.7% -0.33 [-0.52, -0.13] ‘

Heterogeneity: Tau®*=0.00; Chi*=0.77, df=4 (P =0.84), F= 0%
Test for overall effect: £=3.31 (P =0.0009)

1.9.2 One-point in time cortisol measurement

Al-Sharman 2019 10.4 4.5 17 1101 3488 13 4E% -0.14 [0.87, 0.58] - T
Arikawea 20133 a6 5 7T 59 5 64 21.0% -0.60 [-0.94,-0.26] =

Payne 2008 8  6.02 10 9 6.02 m 3% -016[F1.04, 077 — T
Subtotal (95% CI) 104 87 28.8% -0.48[-0.77,-0.19] -

Heterogeneity: Tau=0.00; ChiF=1.80, df=2(P=0.41); F=0%
Test for overall effect Z=3.22 (P=0.001)

1.9.3 Cortisol Awakening Response (CAR)

Imboden 2021 2644 1952 22 342 1BBE 20 G5% -0.27 [-0.88, 0.34] e
Subtotal (95% CI) 22 20 6.5% -0.27 [-0.88, 0.34] e

Heterogeneity, Mot applicahble
Test for overall effect, Z=0.86 (P = 0.38)

Total (95% CI) 339 32 100.0%  -0.37 [-0.52,-0.21] <

-2 R 0 1 2
Favours [experimental] Favours [control]

Heterogeneity: Tau®=0.00; Chi*= 3.38, df= 8 (P =091 F= 0%
Testfor overall effect Z=4.61 (P = 0.00001)
Testfor subaroup differences: Chi®= 082, df= 2 (P = 0.6R), F=0%
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Appendix 3.7 Chart of study characteristics of the excluded non-Controlled Trials

Study characteristics

non-controlled
trials (m=15)

Participants (n = 72)

Age groups (n studies)
Middle aged 48-64 (n=1)
Adults 26-47 and middle aged
@=2)

Older adults 65+ (n=1)

Biological gender (%)
30% males
70% females

Health status (n studies)
Insomnia (n=1)
Mood disorders (n=2)
Lung cancer (n=1)
Fibromyalgia (n=1)
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Interventon (n studies)

Type
Aerobic (n=1)
Combined
aerobic/resistance (n= 1)
Mind-body (n=2)
Extra breathing
component (n= 1)

Duration
8 weeks (n=3)
10 weeks (n=1)
12 weeks (n=1)

Cortisol measurement

Saliva sample (n=2)

Blood sample (n=2)
Unne (n=1)

1x moming (n=4)
Diurnal slope (n=1)

Sleep measurement

Pittsburg sleep questionnaire (n=4)

Other scale (n=1)
Extra polysomnography (n=1)
Extra activimetry (n= 1)




Appendix 3.8 Certainty of evidence

Studies  Design Risk of Inconsistency Indirectness Imprecision Publication  Certainty Participants Effects

(n) bias bias (overall score)

Average effect of exercise interventions in (middle-aged) adults, compared to (active) controls n (% male) SMD [95%
Cl]

Cortisol

9 RCT +2 +P -d +© +f e Ce) 651 (10%) -0.37 [-0.52,
-0.21]

Sleep

9 RCT + - -4 +¢ +f @DO0 660 (10%) -0.30 [-0.56,
-0.04]

4 High = This research provides a very good indication of the likely effect. The likelihood that the effect will be substantially
different** is low.

3 ®@®@0 Moderate = This research provides a good indication of the likely effect. The likelihood that the effect will be substantially
different** is moderate.

2 @00 Low = This research provides some indication of the likely effect. However, the likelihood that it will be substantially different**
is high.
1@000 Very low = This research does not provide a reliable indication of the likely effect. The likelihood that the effect will be

substantially different** is very high.
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** Substantially different = a large enough difference that it might affect a decision
RCT: Randomised Controlled Trial
&Most information is from studies at low risk or with some concerns, plausible bias unlikely to seriously alter the results.

b Inconsistency does not seem to be an issue, there is no wide variation in the effect estimates across studies, nor is there a notion of
heterogeneity.

¢ Some inconsistency exists, as there is a wide variation in the effect estimates across studies, and moderate heterogeneity exists.

dThere appears to be an issue with indirectness. The research question was set out to investigate adults regardless of health status and biological
health status, however, six out of nine studies included breast cancer patients, and only 10% of participants were males.

¢ Imprecision does not appear to be an issue. First, total number of participants is higher than 400. Second, the magnitude of effect consistently
range from small to medium (SMD between 0.20 or higher) (Based on Cohen, 1988 (Cohen, 1988)).

T Publication bias not detected or not strongly suspected. Although all results come from small studies, the funnel plot does not indicate strong
evidence for publication bias.

9 Publication bias is suspected, as the results come from small studies and the funnel plots is asymmetrical.

Based on the GRADE guidelines (Schiinemann et al., 2013).
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Appendix 4.1: Methodology of the intervention studies

This methodological section gives more details about the research'’s approach. It
explains and rationalises the methods implemented to address the research questions and the
reliability and validity of the methodologies utilised in the feasibility study (danceSing Care
part 1) and the pilot RCT (danceSing Care part 2).

4.1.1 Introduction to the intervention studies

The feasibility study’s general conduct and the randomised controlled trial were based
on the CONSORT 2010 statements (Eldridge et al., 2016; Schulz et al., 2010) for each design.
However, throughout the feasibility study, unforeseen barriers arose in the programme's
enrolment in the care homes. The adherence and delivery of the programme were significantly
affected by the COVID-19 pandemic, which was beyond the power of the research team or

the care home’s ACs.
The shift to realist evaluation

Given these unforeseen barriers expected during the COVID-19 pandemic, especially
during the feasibility study, it became evident that traditional methodologies might fall short
of adequately capturing the nuances of the study's outcomes. This realisation necessitated an
alternative approach: the realist evaluation based on RAMESES Il guidance (Wong et al.,
2016).

Key features of the realist evaluation include:

- Interventions are assumed to be based on theories but are also active, flexible to
changes and embedded in social reality. This influences how the intervention is
implemented and how various actors respond (Clarke et al., 1998).

- Understanding the interaction between the components of an intervention and its
broader context is key (Campbell et al., 2007; Hawe et al., 2004; Litaker et al.,
2006).

- The context-mechanism—outcome (CMO) structure is central to this evaluation. It
assists in identifying how various mechanisms and contextual factors correlate
with the variability in outcomes. Refer to Figure 4.3 for a visual representation of
the CMO framework.
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- Pawson and Tilley (Pawson & Tilley, 1997) argue that an intervention can only
achieve successful outcomes if the right ideas are applied to the proper context
with appropriate social and cultural conditions (Clarke et al., 1998). Therefore, a
realist evaluation includes a theory-driven formative evaluation (Parry & Straker,
2013), process evaluation (Craig et al., 2008), and outcomes evaluation that avoids

the rigorous successionist format of experimental design.

This realist perspective describes how complex systems such as care homes have emergent
properties that could interact with and influence programme outcomes. In contrast to
traditional analyses of feasibility studies describing ‘does this programme work’, the aim
became to interpret the outcomes while assessing whether and how the programme succeeds
in the local setting. The study revealed four primary considerations for future implementation
in a subsequent pilot RCT trial (Table 4.6 in Chapter Four), which was addressed in full in the
subsequent pilot RCT, as outlined in Chapter Five.

4.1.2 Assessment of health markers for older adults in care homes
4.1.2.1 Questionnaires

In the initial phase, the research team established an advisory group (AG) comprising
multiple stakeholders, including members from the Stirling PA Research Knowledge and
Learning Exchange (SPARKLE) group, the Balhousie care homes group, and older adults
from ‘Stirling 1000 Elders’, which is a group of adults aged 60+ is led by Prof. Anna
Whittaker (the primary thesis supervisor) and form an essential resource for the university’s
healthy ageing researchers (https://1000elders.stir.ac.uk/). The primary goal was to leverage
the collective expertise of these stakeholders to identify priority outcomes for the study within

care home settings.

The involvement of an AG offers multiple advantages in health research (Entwistle et al.,
1998), especially in enhancing patient and public participation from the project's inception
(NHS Executive, 1998). The AG aimed to consolidate a list of priority outcomes, starting with
drafts from various stakeholders, ensuring older adults' perspectives were incorporated. After
five iterative sessions, priority areas such as psychosocial well-being, health status, stress,

sleep, appetite, and weight loss were finalised.
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Various standardised questionnaires were assessed to capture these outcomes, as
recommended by existing guidance (Boynton & Greenhalgh, 2004). These tools were
specifically chosen for their validation in older populations, particularly those with dementia.
Stakeholder piloting further refined these instruments, optimising their sequence and clarity as
per guidance (Palonen et al., 2016). These surveys, designed to be completed in 30-45
minutes, were planned for in-person administration. However, the challenges posed by the
COVID-19 pandemic necessitated a switch to digital platforms like Teams and Zoom and,
occasionally, paper versions. Despite these changes, consistency in survey delivery was

maintained, leveraging JISC software for data collection (https://www.onlinesurveys.ac.uk/).

While questionnaires provided quantitative insights, qualitative data from focus groups and
interviews supplemented the study. Another PhD student, EO, significantly contributed to this

aspect, leading the semi-structured interviews.

Informed by the feasibility study experiences, the team streamlined the questionnaires in the
subsequent pilot RCT, focusing only on the most relevant aspects for both researchers and
stakeholders. Details of retained and omitted questionnaires are provided in Table A 4.1.
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Table A 4.1 Psychometric analysis of included questionnaires

Measurement tool Validity in older adults Suitability for older adults with Dementia
Hospital Anxiety and Yes (Djukanovic et al., 2017) Acceptable and feasible but difficult to interpret (Stott et
Depression Scale (HADS) al., 2017)

(Zigmond & Snaith, 1983)

Perceived Stress Scale Yes (Ezzati et al., 2014) Yes (Deeken et al., 2018)
(PSS) (Cohen et al., 1983)

Simplified Nutritional For an overview of studies assessing the SNAQ in older adults, see the study of Lau et al. (2020)
Appetite Questionnaire

(SNAQ4) (Lau et al.,

2020)

Dartmouth COOP method Widely used in clinical practices (see (Eaton et al., 2005) for references)
(Nelson et al., 1987)

EQ5D-3L (EuroQol Yes (Pérez-Ros & Martinez-Arnau, 2020)
Group, 1990b)

Sleep satisfaction tool Yes (Ohayon et al., 2019) N.a., but deemed appropriate for the care home
(Ohayon et al., 2019) population by the advisory group

427


https://sciwheel.com/work/citation?ids=100063&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=10079078&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12568731&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12568731&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=793094&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=5164150&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=5663605&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12557893&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12557893&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12557893&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=10272656&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=11845837&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=2372911&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=2372911&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12568749&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=9874132&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=9874132&pre=&suf=&sa=0&dbf=0

UCLA Loneliness scale -  Yes (Neto, 2014), recommended by National N.a., but deemed appropriate for the care home
6 items (Russell et al., Academies of Sciences, Engineering and Medicine population by the advisory group
1978) consensus report on Social Isolation and Loneliness in

Older Adults: Opportunities for the Health Care

System (NASEM, 2020)

Falls Efficacy Scale - Yes (Hauer et al., 2011)
International (Short Form)

(Kempen et al., 2008;

Yardley et al., 2005)
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4.1.2.2 Endocrine measurements

Salivary samples of cortisol and DHEA were chosen in line with recommendations
from the preliminary systematic reviews of this PhD project, primarily for their less invasive

nature and reliable correlation with serum levels.

Cortisol. Research seems to favour cortisol saliva measures over serum measures for the
clinical assessment of adrenocortical function, as it is less invasive and salivary-free cortisol
correlates with the free unbound active cortisol in serum (Aardal-Eriksson et al., 1998;
Gozansky et al., 2005; Vining et al., 1983). These measurements have proven popular in
psychobiology, stress, and sports medicine investigations (Nicolson, 2008). They are utilised
on the notion that salivary cortisol is an acceptable indicator of hypothalamic-pituitary-
adrenal (HPA) axis function. Indeed, salivary cortisol levels mimic plasma levels following
ACTH and CRH stimulation and exercise-induced stress in the diagnostic situation (Lewis,
2006).

An accepted sampling design for cortisol involves five daily measurements immediately after
awakening, 30-min post-awakening, at noon, in the late afternoon, and immediately before
bed (Hellhammer et al., 2007), preferably over more than one day in order to capture stable
characteristics and improve the reliability of the diurnal rhythm assessment (Adam & Kumari,
2009). To balance cost and accuracy, instead of multiple measures, a single salivary cortisol
measure was collected at a pre-specified time and recorded alongside the time of awakening.
This approach acknowledges the limitations of not considering the large intra-individual and
inter-individual variations in cortisol levels (Pruessner et al., 1997). However, the time of

awakening was controlled as a covariate in all cortisol level analyses.

DHEA. Salivary DHEA has the same feasibility advantages as salivary cortisol (being readily
sampled and non-invasive) and is released during acute psychosocial stress along with cortisol
(1zawa et al., 2008; Lennartsson et al., 2012). It is shown that the DHEA concentrations in
saliva are highly correlated with those in serum (Ahn et al., 2007). Diurnal fluctuation of
DHEA is present (Rosenfeld et al., 1975). However, DHEA does not appear to spike after
awakening, is more stable than cortisol during the day (Hucklebridge et al., 2005), and is
vastly decreased in older adults (Ceresini et al., 2000). Study differences could result from
varied assay methodologies sample populations, or sampling strategies. Nevertheless, a one-
time measurement of saliva DHEA is reliable when taken at a pre-specified time. In
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Intervention Two, the time of awakening was controlled for as a covariate in the DHEA-level

analyses.

When designing research, focusing on DHEA or DHEAS depends on the study's intent. For
investigating acute stress responses, measurements of DHEA are favored due to its rapid
fluctuation under stress. In contrast, chronic health considerations often prioritise DHEAS
measurements, given its stability and representation of long-term health trends. Within the
scope of this PhD project, a pilot RCT (Intervention Two, Chapter Five) was undertaken that
emphasised salivary DHEA levels, chosen considering cost and for their stability in saliva,
which mirrors the bioavailable hormone fraction and reliably indicates the body's

physiological stress response.
4.1.2.3 Physical function tests

The health of older individuals is influenced by several factors, including chronic
diseases, psychological states, social conditions, and environmental challenges. A key sign of
deteriorating health in this demographic is reduced physical function, which manifests as
decreased mobility, independence, and day-to-day activities, eventually leading to impairment
and dependence (Katz et al., 1963; Lawton & Brody, 1969).

Frailty is a complex condition characterised by increased vulnerability resulting from age-
related declines in reserve and function across multiple physiological systems, compromising
the ability to cope with everyday or acute stressors (Xue, 2011). This condition holds
significant clinical relevance given its correlation with adverse health outcomes like falls,
hospitalisations, disabilities, and even mortality (Clegg et al., 2013; Fried et al., 2001; Gill et
al., 2006; Rodriguez-Manas & Fried, 2015; Shamliyan et al., 2013; Sourial et al., 2013;
Sternberg et al., 2011).

Central to the diagnosis of frailty are indicators such as muscle atrophy and declining physical
performance (Lee et al., 2020). Standard tools like the Timed Up-and-Go (TUG) test
(Podsiadlo & Richardson, 1991), the Short Physical Performance Battery (SPPB) (Guralnik et
al., 1994), gait speed (Matsuzawa et al., 2013), and hand grip strength (Syddall et al., 2003).
are employed to evaluate aspects of physical functionality such as balance, walking speed,

strength, and coordination.
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However, the complexity of frailty transcends the physical domain, encompassing cognitive,
psychological, and social facets (Xue, 2011). A comprehensive diagnosis and management,

therefore, demand equally holistic assessment tools.

While the metrics above have certain limitations concerning the comprehensive nature of
frailty, their clinical importance is undeniable. They have consistently predicted adverse
health outcomes and have been associated with a range of subclinical and clinical conditions
outside the physical realm, such as inflammation, oxidative stress, and overall mortality.
Thus, they serve as markers of health burdens tied to various chronic illnesses rather than

mere measurements of mobility or strength (Patrizio et al., 2021).

The research team designed a feasibility study to evaluate the physical function and markers
of frailty in older adults in care homes. This study employed tools like the SPPB and handgrip
strength aligned with the Fried frailty phenotype criteria (Fried et al., 2001). To maintain the
test's relevance and to avoid overwhelming participants, the TUG test was deliberately

excluded.

However, the COVID-19 pandemic posed unforeseen challenges. Restrictive measures
prevented in-person assessments in care homes, and existing technical equipment was
unsuitable for online testing, given limitations like inadequate camera functions and hearing
capacities. Consequently, the feasibility study was unable to assess physical function
parameters. These were integrated into the subsequent pilot RCT, emphasising the importance

of testing the feasibility of new measures incorporated after the initial feasibility study.
4.1.3 Statistical plan of the danceSing Care trials

For several compelling reasons, an Intention To Treat (ITT) analysis was chosen over a
per-protocol (PP) approach. Primarily, ITT analysis minimises the risk of bias that can arise
from post-randomisation exclusions. Adhering to the original group assignments, regardless of
protocol deviations, mitigates the potential distortion of treatment effect estimations that can
occur only considering the participants who strictly adhered to the trial's protocol as in a PP

analysis.

Moreover, the ITT approach enhances the external validity of the results, making them more

generalisable to a broader population. ITT considers all subjects, including those who
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deviated from the protocol or were non-compliant. This reflects a real-world scenario where
strict adherence to the treatment protocol is not always possible (Tripepi et al., 2020).

However, it must also be acknowledged that some exceptions to the ITT principle were made
during both DSC trials, specifically the exclusion of individuals who withdrew consent and
those missing essential baseline data or lost to follow-up. While these exclusions might appear
to contradict the ITT principle, they were necessary due to the lack of critical information
required for the analysis. This decision was made to prevent undue uncertainty and potential
bias in the results (Lewis & Machin, 1993).

In Intervention Two, a per-protocol analysis was performed as a sensitivity analysis, revealing
largely consistent outcomes between this and the ITT analysis. There were slight differences in
the effect sizes for HADS-Anxiety, FES, and Brief UCLA Loneliness, with the sensitivity

analysis showing slightly larger effect sizes for these outcomes than the ITT analysis.

This consistency makes the results more reliable. However, the variance in effect sizes between
the two analytical approaches for specific outcomes underscores the significance of accounting
for participant adherence and attrition in intervention research. This variance emphasises that
participant engagement and adherence factors may moderate the intervention's potential

benefits.
4.1.4 Sample size and adherence for the intervention studies
4.1.4.1 Sample size.

The sample size is determined based on the study design, significance level, power,
and effect size. The National Center for Complementary and Integrative Health (NCCIH)
recommends determining the appropriate sample size for research based on practical factors
such as participant availability, budgetary limitations, and the number of participants required
to assess feasibility objectives effectively. In the case of qualitative research, a sample size of
30 or fewer may suffice to achieve data saturation. For quantitative investigations, a sample
size of 30 participants per group (intervention and control) can be sufficient to establish
feasibility (Whitehead et al., 2016). However, the researchers aimed for 50+ participants,
where each of the ten care homes would deliver at least five participants. This follows
standard sample size rules of thumb, where 12 to 70 participants per treatment arm are
recommended (Browne, 1995; Julious, 2005; Teare et al., 2014).
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In the subsequent pilot RCT, a formal sample size calculation was performed with the
G*power software. The statistical test (ANOVA: Repeated measures, within-between
interaction) and the power of the analysis (A priori: compute required sample size) were
selected, with a = .05 and power = .80. We used the Standardised Mean Difference (SMD) of
(=.80) for the cortisol outcomes of the intervention studies (differences in pre- and post-
intervention markers) from our previous systematic review (De Nys et al., 2022) to determine
the effect size f for the planned pilot RCT. This revealed a required total sample size of n =
16. To account for a possible 20% attrition, group sample sizes were inflated to n = 20 or

more if more participants opted into this aspect of the research.

For the mental health outcome (measured with HADS), which was of primary concern for the
other PhD student of the project (EO), the total required sample size was calculated as n = 110,
according to her preliminary systematic review (Ofosu et al., 2023). Accounting for possible

attrition, the group sample sizes were inflated to n = 132.

However, the recruitment process for the pilot RCT fell short of the intended target of 132
participants, as only 34 participants were recruited. The research group initially planned to
include two care homes. However, to recruit more residents, two additional care homes were
included. The reason the intended sample size was not reached was mainly for two main
reasons. Firstly, there was a pre-defined recruitment period to comply with the timely initiation
of the intervention. Secondly, the study's eligibility criteria required participants to have the
capacity to give informed consent, which was often unfeasible for individuals with progressed
dementia. These factors limited the number of eligible participants. The pilot RCT's limited
sample size resulted in potential limitations in detecting true treatment effects concerning the
HADS outcomes. These limitations were adequately addressed in the manuscript's limitation
section, further deeming it necessary that adequate statistical power for a full-scale RCT would

require a minimum sample size of 132 participants.
4.1.4.2 Overall adherence to danceSing Care evaluation.

Based on data from a previous systematic review of the adherence to supervised
technology-based exercise programmes for 12 weeks in older adults, the expected adherence
range would fluctuate from 70% to 100% (Valenzuela et al., 2018). Session attendance forms
were created for each care home with the names of residents who completed the baseline survey

(for a template, see Appendix 4.5). ACs were asked to tick a box each time residents attended
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a session. Participating in the danceSing Care activities was not restricted to residents included
in the feasibility study. Therefore, the attendance of other residents was recorded to indicate

uptake, following the given personal consent.

Several efforts were made to keep the care staff engaged: (1) the principal researcher from the
University of Stirling (AW) sent a weekly email reminder to care home staff so they would
send through weekly updates on the attendance of participants, with information about reasons
for deviation from the initial protocol (e.g., sessions were not delivered, reasons for residents’
absence or withdrawal), (2) the danceSing Care marketing officer sent engaging emails to the
care staff with updates about the danceSing Care evaluation over the ten care homes, (3) a
danceSing Care Facebook group was made, where care staff could send through messages or
videos about the programme (4) the ACs were given an induction at the start of the program,
and a danceSing Care member-organised special session to the care homes throughout the

intervention period.
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Appendix 4.4: danceSing Care resources description
MUSIC AND SINGING PROGRAMME - session list

Our Music and Singing Programme is led by highly experienced danceSing Music Leader, Karol Fitzpatrick on piano. Upbeat and calming

sessions, our chosen songs will stimulate memory and provide a range of tempi and mood. Our shorter session bites can be practised regularly

and will help to improve breathing, posture, vocal control, concentration, and coordination.

GET STARTED SERIES - Sing along or listen to our bespoke musical arrangements to improve well-being.
1 25- Sing along to “Yes Sir I Can Boogie’ and sit back and enjoy to ‘Moon Mild Music, Singing, Calm,
minutes River’. Moderate Relax, Upbeat
Sing along to ‘That’s The Way I Like It’ and sit back and enjo ;
22- s s Y 1oy Mild Music, Singing, Calm,
2 ] ‘Somewhere Over The Rainbow’ and ‘Raindrops Keep Falling On My
minutes Mod Relax, Upbeat
Head’. oderate
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Mild

3 26- Sing along to ‘The Lion Sleeps Tonight’ and sit back and enjoy ‘Fields Of Music, Singing, Calm,
minutes Gold’ and ‘What A Wonderful World’. Moderate Relax, Upbeat
) Sing along or sit back and enjoy ‘Scarborough Fair’ and ‘Peace In My Music, Singing, Calm,
4 7-minutes All Stages
Soul’. Relax
. 22- Sing Along to or sit back and enjoy “Amazing Grace” and “Somewhere All St Music, Singing, Calm,
) ages
minutes Over The Rainbow” with accompanying grand piano and flute. Relax
IRISH SERIES - Well known Irish songs to stimulate memory and offer a range of tempi and mood.
19- ' ) Music, Singing, Upbeat,
1 ) Sing along to ‘I’ll Tell Me Ma’ and ‘The Wild Rover’. All Stages _
minutes Energise
21- Music, Singing, Calm,
2 ) Sing along to ‘Molly Malone’ and ‘Danny Boy’. All Stages
minutes Relax

FESTIVE SERIES - Sing along or listen to our favourite selection of magical Christmas Carols.

436




20- ' ) Music, Singing, Upbeat,
1 ] Sing along to ‘Winter Wonderland’ All Stages ]

minutes Energise

25- . ) . Music, Singing, Calm,
2 ) Sing along to ‘White Christmas’ All Stages

minutes Relax

BITESIZE SESSIONS - Selection of shorter bitesize sessions including Feel-good, Ballet & Irish (approx. 5-mins long).

. . . . . . Mild Music, Singing, Calm,
1 5-minutes | GENERAL Sing along bite VVoice Strengthening Exercise
Moderate Relax
. Music, Singing, Calm,
2 5-minutes | IRISH Sing along bite ‘Molly Malone’ All Stages Rel
elax
. Music, Singing, Upbeat,
3 6-minutes | IRISH Sing along bite ‘The Wild Rover’ All Stages _
Energise
. Music, Singing, Calm,
4 6-minutes | IRISH Sing along bite ‘Danny Boy’ All Stages

Relax
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Mild

Music, Singing, Upbeat,

5 5-minutes | FESTIVE Sing along bite ‘White Christmas’ _
Moderate | ENergise
) ) ) . ) Mild Music, Singing, Upbeat,
6 5-minutes | FESTIVE Sing along bite ‘We Wish You A Merry Christmas’ ]
Moderate | EN€rgise

MOVEMENT AND FITNESS PROGRAMME - session list

Our Movement and Fitness Programme is led by highly experienced danceSing Founder Natalie Garry. Inspiring and motivational, our sessions

will help prevent falls, improve posture, boost mood and circulation, increase strength and flexibility to help with everyday activities and

promote independent living.

GET STARTED SERIES - Have fun moving and grooving to boost your well-being.
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Chair, Dance, Calm,

18- Chair Fitness focusing on improving posture, strength, and flexibility, Mild ) )
1 . . . L Relax, Upbeat, Circulation
minutes boosting cardiovascular health, and mobilising joints. Moderate Ealls. Enerai
alls, Energise
. . . . o Mild Chair, Dance, Calm,
19- Chair Fitness focusing on improving posture, strength, and flexibility, ) )
2 . . . o Relax, Upbeat, Circulation
minutes boosting cardiovascular health, and mobilising joints. Moderate Ealls. Enerai
alls, Energise
I , : _ _— Mild Standing, Dance, Calm,
18- Standing Fitness focusing on improving posture, strength, and flexibility, ) )
3 . . . o Relax, Upbeat, Circulation
minutes boosting cardiovascular health, and mobilising joints. Moderate Ealls. Enerai
alls, Energise
Chair Fitness Circulation Boost focusing on boosting cardiovascular Mild Chair, Dance, Calm,
4 8-minutes | health, mobilising joints, and improving posture, strength, and flexibility. Relax, Upbeat, Circulation
Recommended daily. Moderate Falls, Energise
Chair, Dance, Calm,
. 21- Chair Fitness focusing on boosting circulation, cardiovascular health, Mild Relax, Upbeat,
minutes mobilising joints, and improving posture, strength and flexible. Moderate Circulation, Falls,

Energise
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Chair Fitness Circulation Boost focusing on cardiovascular health,

Chair, Dance, Calm,

prevention, increasing strength and flexibility for everyday activities.

11-
6 ut mobilising joints, and improving posture, strength, and flexibility. All Stages Relax, Circulation, Falls,
minutes
Recommended daily. Energise
. 11- Chair Fitness focusing on easing out the muscles and improving posture All St Chair, Dance, Calm,
ages
minutes and flexibility. Recommended daily. : Relax, Circulation, Falls
8 12- Chair Fitness focusing on moving gently, mobilising the joints, and All St Chair, Dance, Calm,
ages
minutes improving posture and flexibility. Recommended daily. : Relax, Circulation, Falls
FEEL-GOOD SERIES - Motivational feel-good sessions created to help enable independent living.
1 21- Chair Fitness focussing on improving posture, boosting circulation, falls Mild Chair, Fitness, Upbeat,
minutes prevention, and increased strength for everyday activities. Moderate Circulation Falls, Energise
Standing Fitness for people steady on their feet. Focusing on maintainin ;
21- ) J ) PEop ) y o ) g I | Mild Standing, Fitness, Upbeat,
2 ) and improving movement quality and agility while working on falls ) ] i
minutes Moderate Circulation Falls, Energise
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12-

minutes

Gentle Chair Fitness slower paced focussing on gentle movements to

mobilise the body.

All Stages

Chair, Fitness, Upbeat,

Circulation Falls, Energise

BALLET SERIES - Joyful and uplifting inspired by classical ballet to improve strength for everyday activities.

. 22- Chair Fitness focussing on improving posture, boosting circulation, falls Mild Chair, Fitness, Upbeat,
minutes prevention, increased strength for everyday activities. Moderate Circulation Falls, Energise
Standing Fitness focussing on maintaining and improving movement ;
19- ] - ) ] S ] Mild Standing, Fitness, Upbeat,
2 ) quality and agility while working on falls prevention, increasing strength ) i )
minutes . o Moderat Circulation Falls, Energise
and flexibility for everyday activities. oderate
3 13- Chair Relaxation focussing on breath work and gentle movement to All St Chair, Fitness, Calm,
. . . : ages . .
minutes mobilise the body leaving you feeling calm and relaxed. Relax, Circulation, Falls

FESTIVE SERIES - Festive fun to improve posture and circulation, prevent falls, increase strength and flexibility.

18-

minutes

Chair Fitness focusing on improving posture, boosting circulation, falls
prevention, and increased strength and flexibility for everyday activities.

All Stages

Chair, Fitness, Upbeat,
Circulation Falls, Energise
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BITESIZE SESSIONS - Selection of shorter bitesize sessions including Feel-good, Ballet & Irish (max. 5-mins long).

) o Mild Chair, Fitness, Upbeat,
1 4-minutes | FEEL-GOOD Chair Bite ‘Don’t Worry Be Happy’ ] ) ]
Moderate Circulation Falls, Energise
) Chair, Fitness, Calm,
2 4-minutes | FEEL-GOOD Chair Bite ‘Fragile’ All Stages ) )
Relax, Circulation, Falls
) Standing, Fitness, Upbeat,
3 3-minutes | FEEL-GOOD Standing Bite ‘The Lion Sleeps Tonight’ All Stages ) ] )
Circulation Falls, Energise
) o o _ Chair, Fitness, Calm,
4 4-minutes | BALLET Chair Bite Mobility Circulation All Stages ) )
Relax, Circulation, Falls
) ] ] o _ Standing, Fitness, Upbeat,
5 7-minutes | BALLET Standing Bite Mobility Circulation All Stages ) ] )
Circulation Falls, Energise
) o Chair, Fitness, Upbeat,
6 3-minutes | BALLET Chair Bite Posture and Breath Work All Stages

Circulation Falls, Energise

442




MEMORY LANE RADIO - show list

Take a trip down Memory Lane, unlocking memories through the magic of music and movement.

. 60- Let danceSing transport you through the decades (50s, 60s, 70s, & 805s) All St Radio, Music, Calm,
) ) ) ) ages
minutes with a variety of CLASSICAL and POPULAR music. Relax, Upbeat
) 30- Let danceSing take you on a musical trip down memory lane with their All St Radio, Music, Calm,
ages
minutes handpicked selection of 1950s classics. : Relax, Upbeat
5 30- Let danceSing take you on a musical trip down memory lane with their All St Radio, Music, Calm,
ages
minutes handpicked selection of 1960s classics. : Relax, Upbeat
3 30- Let danceSing take you on a musical trip down memory lane with their All St Radio, Music, Calm,
ages
minutes handpicked selection of JAZZY FESTIVE classics. : Relax, Upbeat
A 30- Let danceSing take you on a musical trip down memory lane with their All St Radio, Music, Calm,
ages
minutes handpicked selection of JAZZY FESTIVE classics. : Relax, Upbeat
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30-

minutes

Let danceSing take you on a musical trip down memory lane with their
handpicked selection of TRADITIONAL FESTIVE classics.

All Stages

Radio, Music, Calm,

Relax, Upbeat

MUSICAL CONCERTS - show list

Sit back, relax, and enjoy our magical danceSing Care musical concert.

. 20- POPULAR music medley performance of grand piano and flute covering a All St Concert, Music, Singing,
ages
minutes variety of popular uplifting music. J Calm, Relax, Upbeat
5 18- IRISH music medley performance of grand piano and flute covering a All St Concert, Music, Singing,
ages
minutes variety of popular uplifting music. J Calm, Relax, Upbeat
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12-

minutes

FESTIVE music medley performance of grand piano and flute covering a

variety of popular uplifting music.

All Stages

Concert, Music, Singing,
Calm, Relax, Upbeat
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Appendix 4.5: Care home attendance sheet

Care home name:

danceSing Care attendance: please tick the corresponding box each time a resident participating in the danceSing care Evaluation
(i.e. they did the baseline survey) attended a movement class in the program and a circle for the music only class.

Please scan and send to us each Friday so we can keep a cumulative attendance record.

NAME
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Appendix 4.6: Interview/Focus group Guide

Semi-structured interview with residents

447

10.

General overview of participation/adherence

What did you think about the danceSing Care online activities?

Did you manage to take part in the 3 movement and 1 music sessions a week? If not,
why?

Can you tell me about your typical music and movement session?

What do you think about the length of the sessions? (Probe- would you say sessions
were too long or too short)

Did you complete most of the sessions or had to stop at any point?

What did you like about the danceSing Care activities?

Follow up questions

Did you prefer the movement or music activities? (depending on Q6 answer)

Is there anything you think was missing from the danceSing Care sessions?

Was there anything you did not like?

What made you continue/stop to take part in the music and movement activities?

Residents’ participation/benefits

Do you think the activities have improved your life in any way?
In what ways?

Would you like to continue to take part in the danceSing Care activities? Why/why
not?

Ask about pain/comfort

Self care /

Perceived fear of falling/stable

In the last month- in line with stress, HADS

What other activities they engage in

What do you remember most — music /type /intensity /

Stress and sleep relationship

Change in health/life status — follow up what has changed?



11.
12.

Social support
Do you feel part of the danceSing Care family?
Has engaging in the music and movement activities brought you closer to other

residents and staff?

Semi-structured focus group with staff

Go round for everyone to introduce themselves, role and the care home they work with.
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10.
11.
12.

General overview of participation/adherence

Can you tell me what your involvement in this danceSing Care programme has been ?

(considering we might have other care home staff joining the FG)

Did you manage engaging residents in the 3+1 sessions a week? If not, why not?-
mechanism

Did residents complete sessions after stating? If not why?

Do you think the residents enjoyed taking part in the danceSing Care activities?
Can you give some examples

Did you enjoy taking part in the danceSing Care activities?- outcome

Did you prefer the music/movement or the singing activities?

Residents’ and staff participation/benefits

What type of resident would you say came to a typical danceSing Care session?
Did some residents use the danceSing Care activities more than others? If so, why?
Did the class size grow or reduce? If so, why?

What do you think were the benefits of the danceSing Care activities for residents?
What were any benefits of the danceSing Care activities for you?

Would you like to carry on using the danceSing Care activities with residents?
Why/why not?



13.
14.
15.

16.

17.
18.

Delivery of danceSing Care program

How did you find delivering the program?

What would you say helped with delivering the program?

Would you say delivering the programme came with some challenges?

If so, in what ways?

If you could change something about this programme to make it work effectively in

the care home, what would you change and why?

Social support
Do you feel part of danceSing Care family/champions?
Would you say delivering the danceSing Care activities has improved social

connections between residents and staff?

Ask about what we should focus on for the staff?
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Appendix 4.7: Weekly notes from care homes on delivery challenges

Weekly reports from care home staff through phone calls and emails

Week 1

Week 2

Week 3

CH1 struggled to get
residents to

participate

CHZ7 reported all
residents have
dementia and
attention span is short
making full

participation difficult

CH3- COVID
outbreak in home and
one residents passed

away

CH2 recorded two  CH4- AC went on

drop outs. 1 holiday and ran
relocation and 1 only one session
withdrawal

CH3- COVID

outbreak in the care
home and Ac is on
holiday.

CH7-attendance CH2- AC

forms not received  resigned and no

new reassigned.

CH5 and CH6 had

no assigned ACs

Less attention of
ACs to weekly
mails and

reminders

Poor engagement
on the social
media platform for
ACs
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Week 4

Week 5

Week 6

CH5 recruited a new

AC who is yet to start

CHO9- AC is off sick.

No sessions were run

CH8- COVID
outbreak. Residents
are isolating and not
engaging in any
social activities

CH3- COVID
outbreak

CH8- COVID
outbreak. Residents
are isolating and
not engaging in any

social activities

CH1- AC was on
holidays so
sessions were not

delivered

CH8- COVID
outbreak.
Residents are
isolating and not
engaging in any

social activities

CH3- one resident

hospitalised

CH2- New AC
starting next

week.

CH7- AC reported
intervention has
been delivered for
only 2 weeks. AC
was reminded of

attendance forms

CH6- New Ac
starting in 2

weeks.

CH1- AC was on
holidays so
sessions were not

delivered

CH9-AC off sick
with COVID

CH4- ACon
holidays and
delivery of
sessions taken

over by carer.
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Week 7

Week 8

Week 9

Week 10

CH4- AC on holidays

and delivery of
sessions taken over

by carer.

CH5- Residents
struggle with the

movement sessions

CH7- No response to
follow up calls

CH7- AC is off on
holidays

CH10- One
resident

hospitalised

CH2- New AC was
off due to family
issues. Care staff
were unable to give

any updates

CH10: AC unable

to join Facebook

page.

CH7, CH5, CH6
have not provided
any attendance
data- no sessions

delivered

CH2- Care home
staff reported
sessions have
stopped due to
staff shortage.

CHB8 - no sessions
delivered due to
COVID. AC
reported sessions

were difficult to

CH1- attendance
is better now since
faulty display
screen has been

repaired
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Week 11 Final phone call CH5, CH6 and
and 12 follow ups and email ~ CH7 did not engage
reminders for in the intervention

attendance sheets
made to all care

homes

follow (too fast)

for residents.

Note. CH: Care home, AC: Activity Coordinator
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Appendix 5.1: TiDieR checklist

TiDieR Checklist requirement

Protocol description

1. Brief description of the
intervention

2. Rationale and theory of the
elements essential to the
intervention

3. Materials

4 Procedures

454

danceSing Care programme: digital music and movement resources to improve multidimensional
health markers in older adults in care homes

e Physical activity interventions, including multi-component (chair-based) exercises or
dancing, and music therapies have been shown to improve multidimensional health
markers in older adults

e Increasingly, innovative digital resources have been developed to influence physical
activity in care homes

For the participant and AC:
« Information folder about the danceSing Care evaluation
For the AC:

e Training day and protocol documentation, including how the danceSing Care
programme works

o Personal username and password to enter the digital danceSing Care resources

o Randomisation to intervention or waitlist group (1:1)



455

o Participants were contacted before the pre-intervention testing to inform them of group
allocation

o Intervention participants received the intervention from week 1 to week 12

Who provided e All sessions were delivered by the AC of the care home

o All ACs received an initial training session on how to engage participants in the
programme during the trial and how to work with the digital resources

Mode of delivery All sessions were group-based. Digital resources were provided on a big screen, under the supervision
of the AC of the care home

Location of delivery e AC training sessions took place at the care homes

e danceSing Care session took place in a communal room in the care home

Intervention duration, intensity and e One music and up to 2 movement sessions each week for 12 weeks

dose
e The sessions were of low-to-moderate intensity, at least 20 minutes, with a short

warming-up and cooling-down part

Tailoring e The sessions are labelled by a dementia friendly-tag, ‘all stages’ or ‘mild-to-moderate’

e Movement sessions are labelled with tags like ‘chair fitness’ and ‘standing fitness’ and
instructions are provided to adapt a standing or sitting posture during the sessions.



e The music and sing-along sessions are tailored to the music preferences of older adults

10. Modifications Adaptations to the programme were made after the feasibility study (E F Ofosu et al., 2023) —
reduction in the number of sessions as noted above

11. How well planned o Attendance and adherence registers were given to the ACs to be returned to the
researchers every week

o Researchers contacted the AC if the files were not sent through in time or if the
attendance or adherence was not as expected

12 Delivered as planned The intervention was delivered as planned in the intervention group
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Appendix 5.2 Semi-structured interview guide
Semi-structured interview with residents
General overview of participation/adherence
1. What did you think about the danceSing Care online activities?
2. What did you like about the danceSing Care activities?
Follow up questions
o Did you prefer the movement or music activities?

e Is there anything you think was missing from the danceSing Care

activities?
3. Was there anything you did not like?

4. What would you say there was anything that made participation easier or
difficult?

5. Would you like to continue participating in the danceSing Care activities?
Follow up question
e Why/why not?
e Is there anything that would make this easier/difficult?

6. If you were in the control group, how did you feel about being on the waitlist

for 12 weeks before participating in the music and movement sessions?
7. What did you think of the survey/interview questions?

8. What did you think about the saliva testing and physical function testing

(Elaborate on what the physical function was)
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Residents’ participation/benefits

9. Do you think the danceSing Care activities have impacted your well-being in

any way?
In what ways?
Social support
10. Do you feel part of the danceSing Care family?

11. Has engaging in the music and movement activities brought you closer to

other residents and staff?
Follow up
e In what ways?
e Orif not, why not?
Semi-structured interviews with staff
General overview of participation/adherence

1. Can you tell me what your involvement in the danceSing Care programme has

been?

2. Did you manage to engage residents in the 2+1 sessions a week? If not, why

not?
3. Did residents do complete sessions after starting? If not why not?

4. Do you think the residents enjoyed taking part in the danceSing Care

activities?
Can you give some examples.
5. Did you think residents preferred the music or movement activities?

6. Was there anything you think they didn’t like so much?
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Residents’ and staff participation/benefits

7. Do you think some residents were more involved in danceSing Care activities

more than others? If so, why?
8. What do you think made it easy or difficult for residents to participate?

9. What do you think was the impact of the danceSing Care activities on

residents’ well-being?

10. How do you think residents in the waitlist control group felt about waiting for

over 12 weeks before taking part in the danceSing Care activities?

11. Would you say facilitating the danceSing Care activities has had any effect on

your well-being?
Follow up
o What effect and how?

12. Would you like to continue using the danceSing Care activities with residents?
Why/why not?

Delivery of danceSing Care programme
13. How did you find delivering the programme?
Follow up
e Would you say delivering the programme came with some challenges?
If so, in what ways ?

o What circumstances in the care home made delivery of the programme

challenging?
14. What would you say helped with delivering the programme?

15. If you could change something about this programme to make it work

effectively in the care home, what would you change and why?



Social support/well-being
16. Do you feel part of danceSing Care family/champions?

17. Would you say delivering the danceSing Care activities has improved social

connections between residents and staff? If so, how/if not, why not?
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Appendix 5.3: Per protocol analysis of all outcome variables for participants with complete data (n = 27)

Variables n Baseline Post- Mean 95% CI p Effect size
mean intervention  difference (d)
mean

Cortisol (ug/dL) 18 0.30 0.40 -0.10 [-.34, .15] 41 -0.20
DHEA (pg/mL) 18 1455.40 2359.21 -903.81 [1267.26, -540.36] <.001* -1.24
Cortisol: DHEA 18 0.00028 0.00029 0.00001 [-.00011, .00018] .61 0.12
HADS-Anxiety (0-21) 27 6.30 4.41 1.89 [.53, 3.25] 01* 0.55
FES (0-21) 27 5.56 3.26 2.30 [.09, 4.50] .04* 0.41
Dartmouth COOP (6-30) 27 15.96 14.56 1.41 [-.52, 3.34] 15 0.29
HADS-Depression (0-21) 27 6.30 5.78 0.52 [-.80, 1.83] 43 0.16
Brief UCLA loneliness (6-24) 26 12.50 10.42 2.08 [.41, 3.75] .02* 0.50
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PSS (0-40) 27 12.70 10.96 1.74 [-1.08, 4.56] 22 0.24

STT (9-36) 27 30.26 31.47 -1.21 [-3.53, 1.11] .29 -0.21
SPPB total score (0-12) 24 4.83 4.83 0.00 [-.92,.92] 1.00 0.00
SPPB balance (0-4) 24 1.96 1.75 0.21 [-.46, .88] .53 0.13
SPPB gait speed (sec) (0-4) 24 2.17 2.42 0.25 [.56, .06] A1 -0.34
SPPB chair stand (0-4) 24 0.71 0.67 0.04 [-.32, .40] 81 0.05
Handgrip strength (kg) 24 0.96 0.92 0.04 [-.11, .19] .58 0.12
Frailty total score (0-5) 24 2.67 2.67 0.00 [-.25, .25] 1.00 0.00

Note: FES: Falls Efficacy Scale International (7-item), Dartmouth COOP: Dartmouth Cooperative Functional Assessment Charts measure of
health-related quality of life, HADS: Hospital Anxiety and Depression Scale, UCLA: University of California, Los Angeles, PSS: Perceived

Stress Scale, STT: National Sleep Foundation Sleep Satisfaction Tool. * significance p <0.05
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Appendix 5.4 Intervention fidelity and attendance of participants

Number Sessions Offered Per Week

Care
Home

10

11

12

Total

28

21

43

35

% SessionsAverage

Offered sessions per participants

week
78% 2
58% 2
119% 4
97% 3

% Attendance of

82%

60%

89%

56%

Note: Care home 1 = Heatherfield, 2 = Larkfield View, 3 = Beechwood, and 4 = Almond View care home.

463



Appendix 5.5 Correlation matrix of change scores

Change in: FES COOP Anxiety Depression UCLA PSS  SST  Frailty
COOP 0.61"" 1

Anxiety 0.32 0.62 1

Depression 0.33*  0.31* 0.31% 1

UCLA 0.57"" 0.62™" 0.51™ 0.47™ 1

PSS 0.02 0.34* 047" 0.18 0.36" 1

SST -0.33%  -0.38" -0.24 -0.34%  -0.30 -0.36" 1
Frailty -0.05 -0.05 -0.07 0.17 0.14 -0.22 0.39° 1
SPPB 0.09 0.14 0.39" 0.31 0.03 021 -0.10 -0.17

Note. ***significant at <.001 (2-tailed) **significant at < .01 level (2-tailed) *significant at
<.05 level (2-tailed) “non-significant trend 0.05-0.09.
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