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Abstract 

Objective: Global increases in age means it is important to examine interventions and 

factors that can address age-related cognitive decline and its associated risk of 

dementia before cognitive impairment develops. This thesis aimed to investigate the 

relationship between mindfulness and subjective and objective cognitive function, as 

well as sleep quality and its role in the relationship between mindfulness and these 

outcomes, in healthy older adults. Method: Chapter 2 (Ch2) was a systematic review 

and meta-analysis of seven randomized-controlled trials (RCT) investigating 

mindfulness-based intervention’s (MBI) effect on objective cognitive function and 

sleep quality in healthy older adults. Chapter 3 (Ch3) was a secondary analysis of 

RCT data (SCD-Well trial) examining trait mindfulness, MBI, subjective cognitive 

function (SCF), and sleep quality as a mediator between MBI and SCF in healthy 

older adults with subjective cognitive decline (SCD). Results: Meta-analysis revealed 

no significant effect of MBI on objective cognitive function but demonstrated 

significant improvements in sleep quality in healthy older adults with non-clinical 

sleep difficulties. Ch3 regression analysis showed trait mindfulness was significantly 

associated with SCF. Repeated measures ANOVA found a significant effect of time 

on SCF, with no significant group difference. Mediation analysis showed sleep 

quality did not mediate the MBI-SCF relationship; baseline SCF significantly 

predicted follow-up sleep quality and follow-up SCF, and trait mindfulness 

significantly predicted follow-up SCF. Conclusion: MBI improves sleep problems in 

healthy older adults but is not more effective than active controls for objective 

cognitive outcomes. Although trait mindfulness is associated with better SCF, MBI is 

not superior to psychoeducation for improving SCF. Mediation results suggests the 

directionality of the sleep-SCF relationship may be more complex than hypothesised. 



   
 

ix 

Limitations include few eligible RCTs, incomplete RCT data access, and 

measurement heterogeneity (Ch2), potential ceiling effects in sleep (Ch3) and 

cognition (Ch2), and possible personality trait confounds. Findings have implications 

for early, longer duration MBIs to promote trait mindfulness and sleep quality in 

healthy older adults. Future research should investigate mindfulness and 

psychological, neural, or cognitive reserve outcomes rather than objective cognitive 

function in healthy older adults.  
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Chapter 1: Literature Review 

 

1.1 Introduction 

Life expectancy has nearly doubled in the twentieth century (Schaie, 2021; 

World Health Organization [WHO], 2020), with many countries’ populations now 

classed as “ageing societies”, including the U.S, many nations across Western 

Europe, and parts of Asia. This list continues to expand as the global population of 

older adults grows at an unprecedented rate. In 2020, the population of people over 

60 worldwide was just over 1 billion, up from 700 million in 2007 (Daffner, 2010; 

Department of Economic and Social Affairs PD, 2007) and is projected to more than 

double to 2.1 billion by 2050 (WHO, 2020). Of these 1 billion people aged over 60, 

it is conservatively estimated that 50 million suffer from dementia, a number 

projected to reach 82 million by 2030, and then triple to 152 million by 2050 

(Patterson, 2018). This rapid increase in the ageing population has resulted in 

increasing numbers of people experiencing age-related cognitive decline, which can 

be either non-pathological (often referred to as “normal”, “healthy”, or 

“unimpaired”) or pathological (dementia or disease-related and impairing) 

(Livingston et al., 2024). Non-pathological age-related cognitive change is generally 

considered a normal part of the ageing process – albeit with great interindividual 

variability – whereupon decline can be experienced across a range of cognitive 

domains such as memory, attention, processing speed, executive function, and 

subjective cognitive function (SCF) (Mahendran et al., 2015). Such decline is subtle 

and has minimal impact on everyday functioning and quality of life (Salthouse, 

2012). It is important to understand lifestyle factors and interventions that can 

potentially ameliorate this projected increase in age-related cognitive decline, and 
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the subsequent increased risk of diseases for which there are currently no cures 

(WHO, 2020). The WHO (2015) have stated “life choices or interventions at 

different points during the life course will determine the path or trajectory of each 

individual” (p. 13), highlighting this need on a global level. It is therefore worth 

outlining distinct stages of cognitive ageing when considering intervention timing.  

Healthy older adults progress to dementia at an annual rate of 1%–2%, 

compared to a 10%–15% rate in older adults with mild cognitive impairment (MCI) 

(Rusinek et al., 2003). Due to these rates of progression and the presence of 

dementia-related neuropathology, MCI is thought to be a transitional predementia 

phase between non-pathological age-related cognitive decline and dementia (Albert, 

2011). Reducing risk of age-related cognitive decline developing to MCI, or 

maintaining cognitive function as one enters later life, could reduce risk of the onset 

of pathological decline and reduce the number of future dementia cases (Barnes & 

Yaffe, 2011). A quarter of healthy older adults who develop MCI are individuals 

with subjective cognitive decline (SCD), the criteria for which are a self-reported 

decline in cognitive abilities in the last 6 months (on SCF measures), and 

performance within normal ranges on objective cognitive measures (Jessen et al., 

2020). Those with SCD are at approximately doubled risk of progressing to dementia 

compared to those without SCD (Mitchell et al., 2014). That said, despite clear 

elevated risk with age (Reuter-Lorenz et al., 2021), and further elevated risk with 

SCD (Slot et al., 2019), the majority of older adults with SCD will not develop MCI 

or dementia (Harada et al., 2013). So, not only is it important to consider overall 

dementia risk in SCD, but also to understand the characteristics associated with 

positive cognitive outcomes in SCD. This may provide insight into factors that 

promote successful cognitive ageing and/or reduce dementia-risk at an early stage.  
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Dementia is an umbrella term that refers to a collection of major 

neurocognitive disorders characterised by difficulties with memory, language, 

attention, and executive functions, to such an extent that the individual’s ability to 

perform everyday tasks is severely reduced (American Psychological Association 

[APA], 2021). Neither MCI nor SCD classify as dementia due to absence of these 

symptoms or severe daily-functioning declines (Petersen et al., 2014; Reisberg et al., 

2008). Onset of dementia and speed of progression is influenced by age, genetics, 

biological sex, sleep quality, lifestyle factors associated with cognitive reserve, and 

other modifiable risk factors such as depression, hypertension, smoking and 

excessive alcohol consumption, social contact, physical activity, and traumatic brain 

injury (Livingston et al., 2024). The most common cause of dementia is Alzheimer’s 

disease (AD), which accounts for 60-80% of dementia cases worldwide (WHO, 

2020). In AD, areas of the brain associated with executive function and memory 

deteriorate and are damaged by clumps of malformed beta-amyloid proteins 

(plaques), which occur outside of neurons, and malformed strands of the protein tau 

inside neurons (neurofibrillary tangles) (Yochim & Mast, 2021). The default mode 

network of the brain (DMN), a network involved in internally-oriented process such 

as self-reflection, mind-wandering, autobiographical memory retrieval, envisioning 

the future, and understandings others’ mental states (Yeshurun et al., 2021), is where 

these pathological aggregations tend to accumulate in the lead up to AD (Katsumi et 

al., 2024; Palmqvist et al., 2017). These neurostructural changes are present and 

considered to have reached a pathological stage in MCI (Petersen, 2004). They are 

more subtly present in SCD, where they are not yet considered pathological (Rivas-

Fernández et al., 2023).  
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When cognitive changes cause mild problems with everyday functioning but 

do not reach the threshold for dementia diagnosis, individuals may be diagnosed 

with MCI, which is associated with increased risk of dementia (Albert, 2011). In 

recent years, the cognitive status of SCD has received increasing attention as a non-

pathological stage that precedes MCI (Cappa et al., 2024). MCI is not considered 

normal in the ageing process and is often described as a prodromal predementia 

phase of AD, while SCD is considered normal or cognitively unimpaired based on 

performance on objective cognitive tests (Jessen et al., 2014; Reisberg et al., 2010). 

SCD is still associated with increased risk of future impairment and progression to 

MCI, and then dementia, most prominently AD (Reisberg et al., 2010; Slot et al., 

2019). As individuals with SCD have unimpaired objective cognitive function, this 

diagnostic group have been identified as a priority for accessing non-

pharmacological interventions (e.g., psychoeducation, social engagement, physical 

activity, mindfulness training) that may allow brain health and cognitive ability to be 

preserved (Munro et al., 2023; Yingmei et al., 2025). Appropriate non-

pharmacological interventions in SCD may reduce cognitive decline progression and 

future dementia rates (Espinoza Jeraldo et al., 2024; Munro et al., 2023). Further, a 

wealth of literature has focused on understanding factors that may promote cognitive 

function in ageing in healthy older adults, aiming to mitigate or prevent pathological 

characteristics of dementia developing. These factors include physical exercise 

(Ahlskog et al., 2011; Blondell et al., 2014), mental and cognitive stimulation 

(Aguirre et al., 2013), social engagement (Kelly et al., 2017; Sommerlad et al., 

2023), mindfulness (Luders et al., 2016; Whitfield, Barnhofer, Acabchuk, et al., 

2022) , and sleep quality (McCall & Watson, 2021). 
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1.2 Cognitive Function in Ageing 

Cognitive function encompasses a range of distinct but intercorrelated 

cognitive abilities or domains (Tucker-Drob, 2019). These domains are 

conceptualised in various ways; fluid reasoning (ability to efficiently solve abstract 

problems), processing speed (speed of carrying out mental tasks), visuospatial ability 

(ability to mentally manipulate objects), working or short-term memory (holding 

information in consciousness and manipulating it), declarative memory (conscious 

recollection of facts and events), nondeclarative memory (unconscious motor and 

cognitive skills, learned procedures), language, crystallized knowledge (ability to 

recite and apply cultural information), and executive functions (processes that 

regulate the ability to plan, make decisions, problem-solve, organise, and be 

mentally flexible) (Harada et al., 2013; Tucker-Drob, 2019). Overall cognitive ability 

is dictated by interactions between these domains, but not all domains are similarly 

affected by age (Reuter-Lorenz et al., 2021). Nevertheless, certain trends or patterns 

are apparent in how these domains generally change as age increases, and these 

trends differ between normal, non-pathological age-related decline and pathological 

decline (Gonzales et al., 2022).  

In healthy ageing, it is considered normal to experience declines in 

processing speed (Zimmerman & Brickman, 2009), resulting in poorer performance 

on a variety of neuropsychological measures (Harada et al., 2013), which strongly 

predict real-world outcomes (Tucker-Drob, 2019). Working memory and episodic 

memory also decline in healthy ageing, but semantic memory, recognition memory 

and procedural memory remain relatively spared (Harada et al., 2013; Rönnlund et 

al., 2005). Declines in memory may be related to reductions in processing speed 

(Luszcz & Bryan, 1999) and a decline in the executive ability to inhibit distractions 
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disrupting attention (Darowski et al., 2008). Executive functions plays a complex 

role in cognitive ageing, a role not yet fully understood (Reuter-Lorenz et al., 2021). 

Various executive functions decline with age, especially those requiring good 

processing speed (Hayden et al., 2012) while others remain stable. Research suggests 

that executive functions such as concept formation, abstraction, mental flexibility, 

response inhibition, inductive reasoning – especially reasoning with unfamiliar 

material – decline with age, albeit these declines vary between individuals (Singh-

Manoux et al., 2012; Wecker et al., 2000). Despite this heterogeneity, it is evident 

that executive functions are crucial to maintaining healthy cognitive function as age 

increases (Reuter-Lorenz et al., 2021).  

Language is a cognitive ability that, overall, remains intact in healthy ageing. 

Some studies show vocabulary improves with age (Hayden & Welsh-Bohmer, 2012; 

Salthouse, 2009; Singh-Manoux et al., 2012), while another study found evidence 

that the ability to name a common object remains stable until 70 years of age and 

then begins to decline (Zec et al., 2005). The verbal fluency aspect of language tends 

to decline with age (Salthouse, 2004). Visuospatial abilities such as object and 

spatial perception tend to remain intact in healthy ageing (Harada et al., 2013), 

although the ability to construct pieces together to make a coherent whole declines 

(Howieson et al., 1993). Higher scores on standardised tests of these aforementioned 

domains of cognitive function is associated with protection against pathological 

cognitive decline, potentially from heightened levels of cognitive reserve (Hannigan 

et al., 2013). Cognitive reserve is a theory which postulates that some individuals 

have a compensatory reservoir (or reserve) of extra cognitive capacity that is 

recruited when other domains of cognitive function decline (Stern, 2020). This offers 

an explanation as to why cognitively healthy older adults seem to lean more heavily 
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on executive functions to undertake cognitive tasks previously dictated by different 

domains (Cabeza et al., 2018; Reuter-Lorenz & Cappell, 2008). 

Another useful categorization system for describing how cognitive abilities 

change over the lifespan is that of crystallized vs fluid ability (Cattell, 1963). 

Crystallized abilities refer to an individual’s general knowledge, vocabulary, and 

reasoning skills that have been consolidated from personal experiences over the 

lifespan, and thus older adults tend to perform better than younger adults on tasks 

involving crystallized abilities (Kaufman & Horn, 1996). Fluid abilities, on the other 

hand, refer to cognitive abilities of reasoning and problem-solving for which 

solutions are novel or unfamiliar (Shakeel & Goghari, 2017). Processing speed, 

memory, and executive functions are considered fluid cognitive domains (Rog & 

Fink, 2013). Fluid ability also concerns one’s innate ability to learn new information 

(Deary et al., 2009; Horn & Hofer, 1992). Openness to experience is associated with 

better fluid abilities in middle-aged and older adults (Silvia & Sanders, 2010; 

Zimprich et al., 2009). Interestingly, a key element of mindfulness involves 

practicing open-minded curiosity (Kabat-Zinn, 2013), and links have been made 

between mindfulness, fluid cognitive abilities, cognitive reserve, executive function, 

and global cognitive function (Barkan et al., 2016; Gard, Hölzel, et al., 2014; Tang & 

Braver, 2020). 

 

1.3 Mindfulness and Older Adults’ Cognitive Function 

1.3.1 Defining Mindfulness in the Current Context  

Mindfulness refers to awareness of present moment experience, and the 

ability to observe the content of present moment experience non-judgmentally, 

curiously, and with open-mindedness (Kabat-Zinn, 2013). Mindfulness can be 
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practiced through meditation, or “state” mindfulness, which involves purposely 

entering a state of present moment awareness, often through means of attending to 

the breath, the body, or something external for a select period of time. Meditation is 

also about cultivating a curious, open, and compassionate attitude (Creswell, 2017). 

Openness and acceptance towards the content of present moment experience are a 

critical component of mindfulness practice; inviting all experience to rest in full 

awareness without judgment. Intentional awareness of present-moment experience 

with these attitudinal elements is synonymous with state mindfulness. State 

mindfulness can also be practiced informally outside of planned meditation periods, 

which is encouraged in standardised mindfulness-based intervention (MBI) protocols 

and is often a biproduct of increased formal meditation time (Creswell, 2017).  

Trait or dispositional mindfulness, on the other hand, refers to an individual’s 

innate tendency to be aware of and attend to present moment experience 

nonjudgmentally (Brown & Ryan, 2003). Possessing higher levels of trait 

mindfulness can make it easier for individuals to practice and benefit from 

meditation (Kiken et al., 2015; Tang et al., 2016). As there is a specific attitudinal 

element to mindfulness, it is unsurprising that research has shown trait mindfulness 

to be significantly associated with each Big Five personality trait (Hanley, 2016); 

individual personality differences can affect ability to practice and benefit from 

meditation. A systematic review conducted by Park et al. (2013) analysed ten 

existing mindfulness measures, concluding a lack of evidence supporting validity, 

although the Five Facet Mindfulness Questionnaire (FFMQ) (Baer et al., 2006) 

received the highest rating for internal consistency and construct validation. Park’s 

review was a catalyst for the growing body of research investigating the neural 

underpinnings of mindfulness, including research by Tang et al. (2016) and Wheeler 
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et al. (2016). These papers have led to greater consensus that 1) state mindfulness 

relates to temporary changes to the state of brain activity and connectivity, and 2) 

that practicing this state can alter mindfulness-related personality traits such as 

openness, curiosity, acceptance, and nonjudgment (trait mindfulness); this is what 

the FFMQ captures better compared to other measures.  

Researchers have investigated the DMN in the brain in relation to 

mindfulness, a network associated with our “default-mode” of attending to 

experience (Andrews-Hanna et al., 2014). Increased activity in the DMN is 

associated with spontaneous, but not deliberate, mind-wandering and introspective 

thinking (Raichle, 2015; Sorella et al., 2025). This brain network should be affected 

by mindfulness if practicing mindfulness alters our default method of attending to 

experience. Meditation has indeed been shown to alter DMN function (Creswell et 

al., 2016). Those high in trait mindfulness may also be able to selectively switch 

attention to present moment experience, i.e., regulate activity in the DMN, more 

efficiently (Fountain-Zaragoza et al., 2016). Further neuroscientific trial 

investigations show improved connectivity and regulation in the DMN (and other 

major brain networks) from state mindfulness practice, associated with reductions in 

rumination and mind-wandering (Bremer et al., 2022; Rahrig et al., 2022). That said, 

some reviews suggest that consistent and specific conclusions on the impact of 

different types of mindfulness practices on the DMN’s function and structure are 

difficult to ascertain due to heterogeneity across studies (Fox et al., 2016; Fox et al., 

2014). However, it has been ascertained in meta-analysis that one of the most basic 

and introductory forms of mindfulness practice, focused attention meditation (FAM), 

which is included in standardised MBI protocols, is consistently associated with 

DMN activity regulation (Ganesan et al., 2022). 
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From a cognitive perspective, two broad categories or types of state 

mindfulness practice have been proposed; open monitoring meditation (OMM), 

which refers to resting awareness broadly on all present stimuli, and seems to 

parallel the cognitive process of divided attention, and FAM, which involves 

narrowing the scope of awareness to attend to one focal stimulus, and reflects the 

cognitive process of selective attention (Cahn & Polich, 2006; Lutz et al., 2008). For 

example, a sitting meditation where one rests their awareness on the breath would 

fall under FAM, as only one object – the breath – is being (selectively) attended to. 

What separates meditation from a general form of attentional or cognitive training is 

the goal of the practice; the goal of meditation is not to improve attention (although 

this may be a welcome effect) but to cultivate trait mindfulness, i.e., to practice 

curious, nonjudgmental awareness of experience, no matter the content of experience 

(Kabat-Zinn, 2013). Evidence suggests consistently practicing mindfulness 

informally (during everyday tasks) and formally (meditation) within MBIs leads to 

an increase in trait mindfulness (Kiken et al., 2015). FAM is the technique largely 

implemented when first learning how to practice mindfulness in MBI, as it is a more 

basic and familiar process to attend to one thing than is it to openly monitor many 

stimuli without focusing attention on a single stimulus (Vago & Silbersweig, 2012). 

This distinction in types of meditation is supported by neuroimaging research 

showing consistently differentiating DMN activity patterns when comparing brains 

in a state of FAM and brains in a state of OMM (Marzetti et al., 2014). This has 

implications when utilising MBI for the purpose of improving or maintaining 

cognitive functions in older adults and possibly targeting different cognitive 

domains. Although cognitive and neural processes are distinct across FAM and 

OMM (Marzetti et al., 2014), both still aim to strengthen two underlying core 
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mechanisms: attention monitoring (awareness) and acceptance of present-moment 

experience. 

The presiding theoretical framework pertaining to mechanisms of action in 

mindfulness is Monitor and Acceptance theory (MAT) (Lindsay & Creswell, 2017). 

MAT proposes that mindfulness works through the two core skills of monitoring 

present-moment experience (i.e., awareness), and acceptance of the content of 

present-moment experience, which have distinct and synergistic effects on cognitive 

function, emotion, stress, and health outcomes (Lindsay & Creswell, 2019). 

Monitoring training alone may improve cognitive performance in relatively neutral 

contexts (e.g., enhancing attention in controlled cognitive tests), but by increasing 

awareness of experiences, it may also intensify affective reactivity if the ability to 

accept present-moment experience is absent. Well controlled RCTs have 

demonstrated that combining training in monitoring and acceptance is superior to 

control groups practicing monitoring only, and no-treatment controls, for improving 

stress and positive affect (Chin et al., 2019; Lindsay et al., 2018). MAT also posits 

that, for objective cognitive outcomes that are “affectively neutral”, monitoring 

training alone may be sufficient. For subjective cognitive outcomes which 

encompass individuals’ concerns and worries about the severity of their perceived 

cognitive decline, both attention monitoring and acceptance training are likely 

necessary for impact (Lindsay & Creswell, 2019). Standardised MBIs such as 

Mindfulness-based Stress Reduction (MBSR) and Mindfulness-based Cognitive 

Therapy (MBCT) include a focus on these two core skills.  

1.3.2 Mindfulness-based Intervention  

MBIs are the result of the western world’s efforts to apply science and 

systematic method to meditation practices rooted in eastern Buddhism. Although 
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mindfulness is not exclusively derived from Buddhism, present-day secular MBIs 

have been heavily influenced by millennia of Buddhist tradition and scholarship 

(Anālayo, 2019). MBI can be defined as an intervention that trains the individual in 

cultivating nonjudgmental present moment awareness through systematic 

engagement in various meditation techniques (Goldberg, 2022). The most 

empirically researched MBIs are MBSR (Kabat-Zinn, 2013), an 8-week mindfulness 

intervention originally created to reduce stress and chronic pain, and MBCT (Segal 

et al., 2018), which was adapted from MBSR and cognitive behavioural therapy 

(CBT) to focus on treating depression (Goldberg et al., 2022). There are some well-

developed, standardised MBIs focused on substance-abuse as well: Mindfulness-

based Relapse Prevention (Bowen et al., 2021), Mindfulness Training for Smokers 

(Brewer et al., 2011), Mindfulness-Oriented Recovery Enhancement (Garland, 

2024).  

The majority of MBIs are based on MBSR protocol (Goldberg et al., 2022). 

Participants are taught various meditation techniques, beginning with FAM 

techniques such as sitting meditation and body scan, which enable entering a state of 

mindfulness. Other techniques taught are mindful movement and hatha yoga, a 

gentle series of stretching poses that can be done seated if necessary (Kabat-Zinn, 

2013). FAM is particularly rooted in Zen meditation, a form of Buddhist meditation 

that originated in China and emphasizes cultivating mindfulness through sitting in 

silent stillness and focusing on breath and posture (Marciniak et al., 2014). OMM 

and body scanning are derived from Vipassana techniques from Theravada 

Buddhism, one of the oldest schools of Buddhism, which emphasises individual 

liberation and development of wisdom through direct experience of reality (Al-

Hussaini et al., 2001). MBSR also borrows from metta meditation, which aims to 
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cultivate feelings of goodwill, kindness, and compassion towards oneself and others 

(Amihai & Kozhevnikov, 2015). MBSR further includes one all-day mindfulness 

retreat, where participants are introduced to a broader array of meditation techniques, 

some of which are more advanced (such as OMM and prolonged body scans) and 

participate in long periods of silent meditation. During the 8-weeks, participants are 

asked to meditate every day outside of the one 2.5 hour weekly class. As the course 

progresses, participants are encouraged to personalise their home meditation practice 

and experiment with different techniques learned, to identify which type of 

meditation is effective for them to achieve a state of mindfulness, although there is 

emphasis on practicing for 45+ minutes per day (Kabat-Zinn, 2013). 

Extant literature on MBIs has explored the effect of systematic mindfulness 

practice on a variety of psychological conditions, but recently more scrutiny has 

been placed on mindfulness and cognitive function in older populations. Maintaining 

brain health and cognitive ability in later life has become a public health priority, and 

early investigations into mindfulness and brain/cognitive health indicate that MBI 

may be a viable, cost-effective, and easily accessible option to enhance cognitive 

functions and maintain brain health in ageing (Fountain-Zaragoza & Prakash, 2017; 

Gard, Hölzel, et al., 2014). MBI is associated with improved brain health, structure, 

and function in the areas of the brain (such as the DMN) observed to atrophy in 

neurodegenerative diseases, particularly AD (Heutz, 2017).  

Other work has found MBIs to be effective for reducing stress (Baer et al., 

2012; Chiesa & Serretti, 2009; Grossman et al., 2004; Khoury et al., 2015; Sharma & 

Rush, 2014), hypertension (Conversano et al., 2021), and depression (Segal et al., 

2018; Strauss et al., 2014), all of which are modifiable risk-factors of cognitive 

decline and dementia (Baumgart et al., 2015; Livingston et al., 2024). MBI is useful 
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in treating smoking and alcohol addiction (Brewer et al., 2011; Garland, 2019) – 

which are also modifiable risk factors for cognitive decline and dementia (Baumgart 

et al., 2015; Livingston et al., 2024). Literature also suggests that mindfulness is 

associated with better sleep quality, and in many cases, MBI improves sleep 

outcomes (Black et al., 2015; Wang et al., 2019; Zhang et al., 2015). Sleep quality is 

recognised as being involved in preserving brain health and cognitive function in 

later life (McCall & Watson, 2021). As sleep quality generally becomes poorer with 

age (Ancoli-Israel & Cooke, 2005; Neikrug & Ancoli-Israel, 2010), improving sleep 

outcomes in older adults is another area of interest in protecting against cognitive 

decline and dementia (Livingston et al., 2024).  

1.3.3. Research on Mindfulness and Cognitive Health 

In recent years, the potential of practicing mindfulness in the context of 

successful cognitive ageing has garnered interest, with many researchers theorising 

and proposing that practicing mindfulness contributes to healthy cognitive ageing 

(Acevedo et al., 2016; Chételat et al., 2018; Fountain-Zaragoza & Prakash, 2017; 

Lutz et al., 2021; Malinowski & Shalamanova, 2017; Xiong  et al., 2009). In MCI, 

preliminary evidence from a pilot RCT found that MBI improved functional 

connectivity (i.e., the degree to which distinct brain regions show temporally 

correlated neural activity) in the DMN of older adults with MCI compared to 

controls under treatment-as-usual conditions (Wells et al., 2013). The potential of 

mindfulness to impact dementia progression and to protect against AD (Heutz, 2017) 

is shown in a two-year RCT that found older adults with mild-moderate AD (treated 

with donepezil medication across groups) maintained cognitive function better than 

would be expected for their stage of AD progression (Quintana-Hernández et al., 

2016). Notably, the MBI group maintained cognitive function (sense of direction, 
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language, memory, perception, attention, and praxia) better than a progressive 

muscle relaxation group and an inactive control, and was statistically equivalent to 

the usual non-pharmacological AD intervention, cognitive stimulation therapy, 

though the MBI group still showed a trend of greater stability. This may be due to 

links between mindfulness and brain function and structure that suggest mindfulness 

has protective effects on regions of the brain implicated in cognitive decline and 

neurodegenerative disease (Hölzel et al., 2011, Lutz et al., 2021; Vago & 

Silbersweig, 2012), as was indicated in Wells and colleagues’ (2013) and Quintana-

Hernandez and colleagues’ (2016) trials.  

 A wealth of research has been conducted on mindfulness and factors 

associated with cognitive decline and dementia risk, which provides insight into the 

potential of mindfulness to mitigate cognitive decline risk. 

1.3.4 Mindfulness and Risk Factors for Cognitive Decline 

Mindfulness has been shown to have a beneficial influence on a number of 

cognitive decline risk factors that are outlined by Livingston et al. (2024). The 

possibility that practicing mindfulness has a synergistic effect on cognitive health by 

effecting multiple risk-factors should be considered, as well as potentially building 

and maintaining cognitive reserve (CR) (Malinowski & Shalamanova, 2017; Wells 

et al., 2019). Livingston et al. (2024) identified 14 modifiable risk factors that could 

protect against cognitive decline (see Figure 1.1), which together account for 

approximately 45% of dementia cases worldwide (Livingston et al., 2024). 
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Figure 1.1 

Livingston and colleagues’ (2024) 14 Risk-factor Model of Dementia Prevention 

 

Note. Figure shows possible mechanisms for enhancing or maintaining cognitive 

reserve and risk reduction of potentially modifiable risk factors to protect against 

dementia, from Livingston et al. (2024). 

Extant research shows promise for mindfulness addressing risk factors 

including depression, hypertension, smoking, alcohol consumption, social contact, 

physical inactivity, traumatic brain injury (TBI), and in particular, CR and sleep 

quality (Creswell, 2017; Livingston et al., 2024). MBIs, particularly MBCT and 

MBSR, can decrease depressive symptoms and risk of relapse (Ma & Teasdale, 

2004; Segal et al., 2018; Strauss et al., 2014; Teasdale et al., 2000; Williams et al., 

2014), with emerging evidence of benefit in older adults, though studies in older 

adults’ depression and MBI are often small and methodologically heterogeneous 

(Moreno, 2019; Reangsing et al., 2021; Thomas et al., 2020; Wahbeh, 2018). MBI is 
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linked to reduced hypertension (Conversano et al., 2019), improved blood pressure 

(Park & Han, 2017; Rainforth et al., 2007; Solano Lopez, 2018), and stress reduction 

(Baer et al., 2012; Chiesa & Serretti, 2009; Grossman et al., 2004; Khoury et al., 

2015; Sharma & Rush, 2014), suggesting benefit for cardiovascular health and 

hypertension-related dementia risk (Conversano et al., 2021; Kulkarni et al., 1998; 

Liu et al., 2017). Adapted MBIs have also been effective in treating and preventing 

relapse of addiction-related behaviours and substance abuse (Adams et al., 2014; 

Black et al., 2012; Ostafin & Marlatt, 2008) by targeting cravings and their neural 

mechanisms in smoking and alcohol use (Bowen et al., 2021; Bowen et al., 2015; 

Brewer et al., 2009; Brewer et al., 2011; Froeliger et al., 2017; Garland, 2024; 

Westbrook et al., 2013). For low social contact, MBI may reduce loneliness 

(Creswell et al., 2012; Lindsay et al., 2022) and promote social engagement even 

when MBI is brief and individual rather than in a group (Lindsay et al., 2019). 

Standardised MBIs include physical activity in the form of hatha yoga, which can be 

adapted depending on one’s physical capacity (Kabat-Zinn, 2013) – eight-week 

hatha yoga intervention has significantly improved executive function, attention, 

processing speed, and working memory in cognitively healthy older adults when 

compared with stretching and strengthening controls (Gothe et al., 2014; Gothe et al., 

2017). Another randomized study further shows yoga improves proprioception, gait, 

memory, and mood-related brain function compared to a walking control (Streeter et 

al., 2010), and may therefore reduce risk of falling (Barrows & Fleury, 2016), the 

primary cause of TBI in older adults (Harvey & Close, 2012). Evidence also 

suggests MBIs improve symptoms and cognition after TBI (Acabchuk et al., 2021) 

and may increase CR, potentially mitigating cognitive decline in the context of brain 
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injury or pathology (Malinowski & Shalamanova, 2017; Wells et al., 2019; Xiong & 

Doraiswamy, 2009).  

1.3.4.1. Mindfulness & Cognitive Reserve. Neuroimaging studies support 

that mindfulness can induce brain plasticity (the ability to change structurally and 

functionally) and increase neural reserve and compensation in older adults, but these 

neural benefits do not always reflect behavioural or cognitive changes (Bremer et al., 

2022; Yue et al., 2023). Evidence now suggests that the hippocampus retains 

plasticity throughout the lifespan (Gu et al., 2013; Toda & Gage, 2018), a brain 

structure heavily involved in memory function and observed to deteriorate 

structurally and functionally in AD (Mander et al., 2013). Studies have shown 

meditators to have superior grey matter density and increased grey matter volume in 

the hippocampal complex compared to non-meditators, suggesting possible 

protection against hippocampal atrophy (Hölzel et al., 2008; Hölzel et al., 2011; 

Kurth et al., 2015; Wells et al., 2019). Malinowski and Shalamanova (2017) propose 

that this may be because meditators have higher levels of CR. This could be due to a 

lifestyle difference of frequent meditation vs no meditation; consistent use of or 

effortful regulation of brain regions/networks (e.g., the DMN) may allow meditators 

to recruit these networks in later-life when age-related cognitive decline begins 

(Malinowski and Shalamanova, 2017). This parallels the “use it or lose it” 

hypothesis; that frequent intellectual/cognitive engagement buffers against age-

related cognitive decline (Hultsch et al., 1999).  

Another possible reason for these differences in CR between non-meditators 

and meditators is that mindfulness practice is associated with, and can increase, the 

personality trait openness to experience (Barner & Barner, 2011; Giluk, 2009; 

Kaviani  & Hatami, 2016). Being more open to experience results in increased 
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exposure to novel stimuli, and fluid cognitive ability (that declines with age) is based 

on experiencing novel stimuli from learning, reasoning, and problem-solving; 

dealing with the unfamiliar (Shakeel & Goghari, 2017). Processing speed, memory, 

executive functions, and (novel) learning ability decline with age and are considered 

fluid cognitive domains (Rog & Fink, 2013). Experienced meditators performing 

better than non-meditators in these cognitive domains (Gard, Taquet, et al., 2014) 

may partly reflect increased openness that promotes more frequent engagement with 

novel, intellectually challenging activities, positively impacting these domains 

(Barkan et al., 2016; McCrae & Greenberg, 2014; Tang & Braver, 2020). 

Engagement with novelty over the lifespan is directly associated with better 

cognitive function and hippocampal structure and function in late-life (Daffner et al., 

2006; Valenzuela et al., 2008) and increased CR (Karsazi et al., 2021; Robertson, 

2014). 

Interestingly, right frontoparietal regions of the brain involved in the novelty 

response (Robertson, 2014) are functionally linked with the DMN (Xu et al., 2016), 

which as established is sensitive to the effects of ageing, and also to mindfulness 

practice. Furthermore, the brain’s right hemisphere is critical for processing novel 

stimuli (Goldberg et al., 1994; McGilchrist, 2019), and neuroscientific evidence has 

shown mindfulness practice to have positive effects on right hemisphere brain 

regions (Farb et al., 2007; Taren et al., 2017; Tomasino & Fabbro, 2016) that 

underpin novel learning. As the evidence presented here is delineated across multiple 

fields of research, it is unclear whether increased mindfulness can impact CR 

through increased openness and exposure to novel stimuli, or whether the practice of 

mindfulness itself counts as novel learning and more directly impacts CR by 

increasing neural reserve, particularly in the DMN. This converging evidence points 
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towards mindfulness as a factor that promotes CR, but the mechanisms of action are 

still largely theoretical. However, sleep quality, also implicated in DMN health and 

broader brain health (Cordone et al., 2019; Xie et al., 2013), is thought to be essential 

for building CR and thus for maintaining cognitive function (Balsamo et al., 2024). 

Extant research and theoretical frameworks suggest that mindfulness positively 

impacts sleep quality (Black et al., 2015; Shallcross et al., 2019; Zhang et al., 2015), 

so this is an important avenue of investigation. As early intervention is key 

(Livingston et al., 2024), any intervention aimed at supporting brain and cognitive 

health would be best implemented early, for example, in healthy older adults without 

cognitive impairment. 

1.3.5 Mindfulness for Healthy Older Adults 

Findings in relation to mindfulness practice in healthy older adults are not 

fully clear (Fountain-Zaragoza & Prakash, 2017). Some correlational and 

comparison cross-sectional studies of healthy older adults have consistently 

demonstrated, 1) significant positive correlations between trait mindfulness and 

executive function (Fiocco & Mallya, 2015) and greater connectivity in the DMN of 

older adults with high trait mindfulness (Shaurya Prakash et al., 2013); and 2) 

significant differences between older cognitively unimpaired meditators and non-

meditators in brain function and structure (Gard et al., 2015; Luders et al., 2016; 

Luders et al., 2011; Pagnoni & Cekic, 2007) and cognitive function (Prakash et al., 

2012; van Leeuwen et al., 2009), in favour of meditators. Cross-sectional evidence 

also suggests that fluid cognitive abilities, which tend to decline with age regardless 

of whether neuropathology is present (Shakeel & Goghari, 2017), are preserved in 

experienced meditators (Gard, Taquet, et al., 2014). 
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 Less consistent are systematic reviews investigating mindfulness and 

cognitive function in older adults, which have highlighted that methodological 

weaknesses are an issue in the field, with high risk of bias in many reviewed studies, 

generally small sample sizes, and varying controls (Berk et al., 2017; Fountain-

Zaragoza & Prakash, 2017; Gard, Hölzel, et al., 2014; Marciniak et al., 2014). The 

scope of these reviews has been broad and included different study designs, older 

adult samples of varying cognitive ability, and had broad criteria in terms of type of 

mindfulness/MBI, which, while valuable for gaining a broad understanding of 

mindfulness in the context of cognitive ageing, do not reveal the nature of the 

mindfulness-cognitive function relationship with any level of exactitude, for 

example, in cognitively healthy older adults specifically. Overall, conclusions of 

these reviews indicate a promising, positive relationship between mindfulness and 

older adults’ cognitive function, but lack certainty due to heterogeneity and 

pervading issues of methodological rigour. No prior reviews limited inclusion 

criteria to only RCTs or studies with samples of cognitively intact older adults, 

hence the effect of MBI on cognitive function in this population has not been 

ascertained. The importance of understanding types or protocols of 

mindfulness/MBIs and limiting inclusion criteria in systematic reviews accordingly 

is evidenced by Acevedo and colleagues (2016), Tang and colleagues (2015), and 

Marciniak and colleagues (2014). Their research demonstrated how different types 

of mindfulness practices can target different brain systems, cognitive domains, and 

risk-factors related to accelerated cognitive decline. Similarly, previous reviews have 

not investigated candidate mechanisms that mindfulness may work through to 

impact healthy older adults’ cognitive function, such as sleep quality. Sleep quality 

is critical to healthy cognitive ageing (McCall & Watson, 2021), and is a strong 
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candidate mechanism that mindfulness may work through to improve older adults’ 

cognitive outcomes (Shallcross et al., 2019).  

 

1.4 Sleep Quality and Cognitive Function in Ageing 

Sleep is a factor that is strongly related to individuals’ cognition as they enter 

later life (Livingston et al., 2024; McCall & Watson et al., 2021). Increased 

prevalence of poor sleep outcomes with ageing puts older adults at higher risk of 

developing cognitive impairments (McCall & Watson, 2021), and is associated with 

many other factors that negatively impact cognitive health, including increased 

hypertension (Gottlieb et al., 1999), major coronary events (Barger et al., 2017), 

diabetes (Yaggi et al., 2006), depression (Gagnadoux et al., 2014; Li et al., 2014), 

and respiratory symptoms (Gottlieb et al., 1999). 

There are distinct and inter-related changes in sleep quality associated with 

ageing (Pace-Schott & Spencer, 2011). Demographic statistics estimate 33% of 

adults report sleep difficulties, a percentage which increases dramatically with age, 

rising to approximately 88% in adults over 65 (Ancoli-Israel & Cooke, 2005). 

Incidence of sleep disorders rises in late-adulthood, with research suggesting over 

50% of adults older than 65 experience compromised sleep (Neikrug & Ancoli-

Israel, 2010). The most prominent change in sleep quality in older adults is a 

reduction of total sleep time, mostly due to more awakenings occurring during the 

night, or wake-after-sleep-onset (WASO) (Pace-Schott & Spencer, 2011), which also 

decreases sleep efficiency (amount of time asleep while in bed) (Buysse et al., 2005; 

O’Donnell et al., 2009). In older adults, WASO is most likely to occur during the 

slow wave sleep (SWS) stage (Silva et al., 2010), resulting in older adults 

transitioning more frequently between stages of sleep, spending less time in SWS, 
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and therefore not clearing toxic brain-metabolite accumulations as efficiently 

(McCall & Watson, 2021). Sleep onset latency (how fast one falls asleep after 

getting into bed) appears to remain stable until mid-70s, after which there is evidence 

of decrements in this domain (Hoch et al., 1997). Although, a more recent study 

found that sleep onset difficulties in healthy older adults may only have negative 

cognitive effects for those with low CR (Zimmerman et al., 2012).  

As mentioned above, poorer sleep quality contributes to an accumulation of 

toxic disease-associated brain metabolites, perhaps even decades prior to appearance 

of cognitive symptoms and/or onset of neurodegenerative diseases (Cipriani et al., 

2015). There is a bi-directional relationship between sleep disturbance and these 

neuropathologies developing in the DMN, which is particularly sensitive to the 

effects of ageing (Buckner et al., 2005; Cordone et al., 2019). There is reduced DMN 

function in normal age-related cognitive decline, and severe structural deterioration 

and loss of functional connectivity of it in pathological cognitive decline (Buckner et 

al., 2005; Hafkemeijer et al., 2012; Toussaint et al., 2014), which has been 

significantly correlated with poorer executive functioning and processing speed 

(Damoiseaux et al., 2008). Thus, there has been intense speculation that poor sleep 

quality may contribute to both normal age-related cognitive decline and the 

development of pathological brain changes in the DMN that increase risk of 

dementia, particularly AD (Scullin & Bliwise, 2015; Porter et al., 2015). Changes in 

sleep architecture are important to understand because these changes are found to be 

proportionate to brain atrophy and neuropathology accumulation in memory and 

executive functioning-associated brain regions (McCall & Watson, 2021). 

 Sleep architecture refers to the cycle of physiological sleep stages that occur 

during sleep as detected by polysomnography, and consists of four stages that unfold 
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over approximately 90 minutes four to six times a night – non-rapid eye movement 

(nREM) sleep stages 1, 2, and 3 (SWS), and stage 4, rapid eye movement (REM) 

sleep (McCall & Watson, 2021). A key feature of polysomnographic measurement is 

measuring brain activity during sleep via electroencephalography (EEG). Frequency 

of oscillations in EEG signalling distinguish between sleep stages, with a progressive 

slowing of brain activity from theta waves in light sleep to delta waves (SWS) in the 

deepest stage of sleep, stage 3 (Carskadon & Rechtschaffen, 2011). The progressive 

slowing of frequency and increasing of amplitude of EEG readings during nREM 

stages of sleep is thought to reflect greater synchrony between brain regions and 

reduced brain activation (Pace-Schott & Spencer, 2011). REM sleep is characterised 

by the opposite – reduced synchrony between regions and greater brain activation, 

similar to that of light sleep or even consciousness (Pace-Schott & Spencer, 2011).  

There are distinct age-related changes in sleep architecture (Pace-Schott & 

Spencer, 2011; McCall & Watson, 2021). The most consistently replicated finding of 

age-related sleep architecture change occurs in nREM SWS, stage 3 (Scullin & 

Bliwise, 2015). In young adults, SWS is more concentrated in the first ~90 minute 

cycle of sleep stages and decreases in subsequent cycles, while it tends to be more 

evenly distributed over the night in older adults, with there also typically being 

overall reductions of SWS (McCall &Watson, 2021). As mentioned, these alterations 

of SWS play a role in cognitive decline; SWS reduction in older adults is associated 

with decreased long term memory consolidation and retention (Westerberg et al., 

2012) as well as with atrophy in brain regions/structures involved in these processes 

(Mander et al., 2013; Porter et al., 2015). Another feature of age-related sleep 

architecture change occurs in nREM stage 2, where EEG measurements tend to 

oscillate quickly in 0.5-2 second bursts (sleep spindles) which are also present in 
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SWS (McCall & Watson, 2021). Sleep spindle density, duration, and amplitude 

decrease drastically in older adulthood, most prominently in frontal brain regions 

(Ulrich, 2016). These changes are considered important in relation to cognitive 

decline as sleep spindles are thought to facilitate learning and memory function 

(Ulrich, 2016). Difficulties with sleep onset before stage 1 nREM is recognised as 

another factor that may signify increased risk of pathological cognitive decline in 

older adults (Zimmerman et al., 2012). 

A growing body of literature is investigating the possibility of increased trait 

mindfulness and MBI addressing these sleep quality issues in adults and older adults. 

Cross-sectional work (Brisbon & Lachman, 2017; Howell et al., 2008), RCTs (Black 

et al., 2015; Gallegos et al., 2013; Gallegos et al., 2018), and theoretical frameworks 

(Ong et al., 2012; Shallcross et al., 2019) indicate there is potential for mindfulness 

to improve overall sleep quality and subdomains such as sleep onset latency, sleep 

efficiency, WASO, and total sleep time (Kanen et al., 2015). 

 

1.5 Mindfulness and Sleep Quality 

Research on mindfulness and sleep quality has garnered attention in recent 

years. MBIs have been used to address sleep disturbance and disorders like insomnia 

with success (Gong et al., 2016; Kanen  et al., 2015; Ong et al., 2014; Wang et al., 

2020). In subdomains of sleep, MBI has been found to significantly improve WASO 

and sleep onset latency, although this particular finding was not limited to older 

adults (Kanen et al., 2015). RCTs have shown that MBI significantly improves sleep 

quality outcomes in older adults with and without insomnia (Black et al., 2015; 

Zhang et al., 2015). Mindfulness practice may have this positive effect on sleep due 

to increases in melatonin following practice (Tooley  et al., 2000), as mindfulness 
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practice activates the pineal gland in the brain (Liou et al., 2007), a gland that 

contributes to the regulation of circadian rhythms and sleep-wake cycles through 

secretion of melatonin (Sapède & Cau, 2013). The pineal gland has only been shown 

to be activated in a specific type of meditation (Chinese Original Quiet Sitting) 

however, so it’s unknown if this transfers to other forms of mindfulness practice 

(Liou et al., 2007). This research, although scant, is relevant as abnormal melatonin 

rhythms due to poor pineal gland function (caused by calcification) has been linked 

to neurodegeneration (Sapède & Cau, 2013).  

Another link between mindfulness, sleep quality, and cognitive ageing is the 

function and structural integrity of the DMN. As one enters sleep and progresses 

through lighter nREM stages to deep nREM SWS, activity in the DMN drops 

correspondingly – activity is lowest during SWS (Horovitz et al., 2009). Toxic brain 

metabolites (e.g., AD-related pathology when highly accumulated) that damage brain 

integrity and disrupt function are cleared from the brain during nREM SWS (McCall 

& Watson, 2021; Xie et al., 2013). Mindfulness practice, or high trait mindfulness as 

a disposition or as a result of practice, may be able to mitigate these disruptions of 

sleep through improved DMN functional connectivity; a finding demonstrated in a 

small pilot RCT of older adults with MCI (Wells et al., 2013). The DMN has been 

observed to be less active in meditators when they are at rest (not at physiological 

rest, but cognitively, in the absence of an explicit task/overt behaviour) than non-

meditators (Brewer, Worhunsky, et al., 2011). This suggests that meditators have 

better control over DMN-associated cognitive processes – for example, preventing 

mind-wandering in the absence of an explicit task, regulating distractibility (Brewer, 

Worhunsky, et al., 2011). Recall that poor sleep in older adults is associated with 

abnormal DMN activity; those with impaired sleep have difficulty regulating DMN 
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activity (McKinnon et al., 2017). Increased DMN regulation as a result of higher trait 

mindfulness may explain or further contribute to understanding why MBI improves 

sleep onset (Kanen et al., 2015). Additionally, mindfulness practice can further help 

to create the conditions conducive to sleep onset – brain activity slows to levels 

similar to those of early-stage nREM sleep (theta waves as measured by EEG) when 

a deep meditative state is achieved (Aftanas & Golocheikine, 2002; Kubota et al., 

2001; Tang et al., 2019). 

In summary, RCTs generally report that MBIs have a beneficial impact on 

older adults’ sleep, and neuroscientific evidence further supports this. Although few 

studies have explicitly investigated the relationship between mindfulness, sleep, and 

cognitive function in healthy older adults, current evidence provides impetus to 

investigate whether sleep quality mediates the relationship between mindfulness and 

cognitive function in older adults – particularly those without cognitive impairment, 

where the possibility to promote cognitive and neural reserve and reduce dementia 

risk is greater. 

 

1.6 Rationale for the Current Research  

Multiple reviews have called for further research on the nature of the 

mindfulness-cognitive function relationship in older adults, citing problems in extant 

studies such as small sample sizes (Berk et al., 2017; Farhang et al., 2019; Gard, 

Hölzel, et al., 2014; Marciniak et al., 2014), high risk of bias (Berk et al., 2017; 

Gard, Hölzel, et al., 2014; Marciniak et al., 2014) differences in 

meditation/mindfulness techniques (Gard, Hölzel, et al., 2014; Marciniak et al., 

2014), heterogeneity of outcome measures (Farhang et al., 2019; Gard, Hölzel, et al., 

2014; Marciniak et al., 2014), lack of active control groups and follow-ups (Farhang 
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et al., 2019; Fountain-Zaragoza & Prakash, 2017; Gard, Hölzel, et al., 2014; 

Marciniak et al., 2014), and inconsistent modifications of MBI protocol (Gard, 

Hölzel, et al., 2014; Marciniak et al., 2014). Current systematic reviews and meta-

analyses investigating MBI and older adults’ cognitive function tend to focus on 

cognitively impaired older adults (Farhang et al., 2019) or combine impaired and 

unimpaired samples (Berk et al., 2017; Gard, Hölzel, et al., 2014; Marciniak et al., 

2014). While reviews and meta-analyses with such study selection criteria can 

produce more powerful analyses with larger sample sizes, sample heterogeneity is 

introduced, which limits interpretation of results for specific populations. Study 

design inclusion criteria are often not limited to RCTs, meaning intervention efficacy 

cannot be assessed and high levels of bias may exist. Similarly, reviews and meta-

analyses investigating MBI and sleep quality use broad inclusion criteria, often 

including interventions with differing lengths and protocols (Gong et al., 2016; 

Kanen et al., 2015; MacLeod et al., 2018; Samara et al., 2020), analyse wide age-

range samples (Chen et al., 2020; Gong et al., 2016; Kanen et al., 2015; Y. Y. Wang 

et al., 2020), and either focus on insomnia (Chen et al., 2020; Gong et al., 2016; 

Samara et al., 2020; Y. Y. Wang et al., 2020) or pool insomnia samples with sleep 

disturbance, mild sleep issues, or no sleep problems (Kanen et al., 2015; MacLeod et 

al., 2018). There is a need for a systematic review and meta-analysis that focuses on 

cognitive function and sleep quality in healthy older adults without sleep disorders, 

and is limited to RCTs of standardised MBIs such as MBSR/MBCT.  

Additionally, research is required to further examine both the impact of MBI 

on SCF and the relationship between SCF and trait mindfulness in older adults with 

SCD, preferably in RCT design. Some research has investigated mindfulness in SCD 

(MacAulay et al., 2022; Smart et al., 2016; Wetherell et al., 2017), but few studies 



   
 

29 

 

have focused on SCF as an outcome, despite this measure being key in determining 

SCD severity. Furthermore, SCD appears to be an ideal window to address age-

related reductions in sleep quality (Tsapanou et al., 2019), especially due to SCD and 

sleep quality associations (Exalto et al., 2022), and increased signs of AD 

biomarkers and pathology in SCD that may be related to poorer sleep (Yingmei et 

al., 2025). Even though mindfulness appears to benefit older adults’ sleep quality, 

and sleep quality is associated with severity of SCD, no work has investigated 

whether sleep quality mediates the relationship between MBI and SCF. This line of 

research warrants further attention. 

 

1.7 Thesis aims and outline 

 The overarching aim of this thesis is to examine whether MBI and trait 

mindfulness can contribute to healthy cognitive function and sleep quality in older 

adults without cognitive impairment. The first study (Chapter 2) will be a systematic 

review that synthesizes research on standardised MBIs (MBSR/MBCT) with 

objective cognitive function outcomes, and sleep quality as a mediator or outcome in 

healthy older adults. Where possible with data availability, study data will be pooled 

and meta-analysed. Our three objectives for Chapter 2 are to investigate 1) the effect 

of MBI on cognitive function; 2) the effect of MBI on sleep quality; and 3) sleep 

quality as a mediator of the MBI-cognitive function relationship. The second study 

(Chapter 3) will focus on older unimpaired adults with SCD and will consist of three 

secondary analyses of RCT data (SCD-Well, Medit-Ageing European Project data) 

(Marchant et al., 2021). Our objectives are to investigate 1) trait mindfulness’ 

association with SCF; 2) MBI and active control’s impact on SCF from baseline to 

post-intervention to follow-up; and 3), sleep quality as a mediator of MBI’s effect on 
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SCF over the course of the RCT waves. Chapter 4 will comprise a General 

Discussion to integrate, appraise, and compare findings from each objective with 

extant work, suggest future research directions, acknowledge limitations, and 

provide synthesised interpretation and conclusion.  
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Chapter 2:  

The Effect of Mindfulness-Based Intervention on Healthy Older Adults’ 

Cognitive Function and Sleep Quality: A Systematic Review and Meta-Analysis1 

 

2.1 Introduction 

As older adults are the fastest growing demographic internationally (World 

Health Organization [WHO], 2020), age-related cognitive decline rates are 

increasing ("Alzheimer's disease facts and figures", 2021). Age-related cognitive 

decline is generally considered a normal, non-pathological part of the ageing process 

(Salthouse, 2009), albeit with great inter-individual variability (Harada et al., 2013). 

As discussed in detail in Ch1 (section 1.2), decline is experienced across a range of 

cognitive domains such as executive function, processing speed, memory, and 

attention (Mahendran et al., 2015). Age-related cognitive decline can therefore result 

in mild changes to older adults’ cognitive functioning, but should be distinguished 

from pathological cognitive decline, which is not a normal part of ageing (Salthouse, 

2012). Pathological cognitive decline goes beyond cognitive changes typically 

associated with normal ageing and occurs due to pathology in the brain (Schaie, 

2021), such as accumulation of amyloid plaques and neurofibrillary tangles (NTs), 

cerebral infarcts, and Lewy bodies (Jansen et al., 2018). This type of cognitive 

decline results in impairment that interferes with activities of daily living, and is also 

associated with neurodegenerative diseases like Alzheimer’s disease (AD), which is 

 
1 Published in Aging & Mental Health (shortened for publication). Citation: Colm Lannon-Boran, 

Caoimhe Hannigan, Joanna McHugh Power, Jonathan Lambert & Michelle Kelly (2023): The effect 

of mindfulness-based intervention on cognitively unimpaired older adults’ cognitive function and 

sleep quality: a systematic review and meta-analysis, Aging & Mental Health, DOI: 

10.1080/13607863.2023.2228255 
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the most common cause of dementia (Patterson, 2018) (see Ch1, 1.1 for account of 

decline trajectories).  

The increase in the number of people experiencing cognitive decline and 

dementia presents a significant challenge, both from an economic and a broader 

societal perspective (Schaie, 2021). The incidence of dementia is set to triple over 

the next 50 years (Patterson, 2018), highlighting the pertinence of identifying 

effective interventions to improve cognitive functioning and/or reduce the risk of 

cognitive decline and dementia. As no preventative pharmacological treatments exist 

for dementia, there has been an increasing focus on the utility of non-

pharmacological brain and cognitive-health interventions and targeting of modifiable 

risk-factors for cognitively healthy older adults, to reduce the risk of cognitive 

decline and improve cognitive function (Livingston et al., 2024). Regarding 

cognitively healthy older adults, it is important to determine the effects of these 

interventions, as this group are at an increased risk of mild cognitive impairment 

(MCI) and dementia due to advanced age (Mangialasche et al., 2012). One such 

avenue of investigation is examining the effectiveness of mindfulness-based 

interventions (MBI) to benefit cognitive function for cognitively healthy older 

adults. 

 

2.2 Mindfulness, Meditation, and Mindfulness-Based Interventions  

Practicing mindfulness, i.e., practicing awareness of moment-to-moment 

experience without judgment of the content of the experience (Kabat-Zinn, 2013), 

has been associated with improved psychological health and well-being (Chételat et 

al., 2018; Grossman et al., 2004; Hofmann et al., 2010; Khoury et al., 2015; 

Querstret et al., 2020). The Monitor and Acceptance Theory (MAT) is a useful 
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framework that attempts to explain the effects of mindfulness practice/training 

through two basic components (Lindsay & Creswell, 2017). As discussed 

comprehensively in Ch1 (section 1.3.1), MAT posits that attention monitoring and 

acceptance are the two distinct and synergistic mechanisms underlying outcomes 

impacted by or related to mindfulness practice. These components are foundational 

parts of the two most researched and empirically validated MBIs, Mindfulness-

Based Stress Reduction (MBSR) and Mindfulness-Based Cognitive Therapy 

(MBCT). 

MBIs teach meditation techniques and encourage participants to engage with 

life mindfully outside of meditation periods. In MBSR and MBCT, participants are 

taught and actively practice techniques such as sitting meditation, body scan, 

mindful movement, and hatha yoga, generally over a period of eight weeks 

(Goldberg et al., 2022) (see Ch1, 1.3.2 for fuller detail). As the above are empirically 

validated, including most/all listed elements in any MBI is important. Benefits of 

mindfulness practice have been suggested to extend to brain function (Davidson et 

al., 2003) where long-term, experienced meditators have exhibited improved 

cognitive and neuroimaging outcomes, and greater attentional stability for their age 

compared to non-meditators (Brefczynski-Lewis et al., 2007; Luders et al., 2016; 

Luders et al., 2009; Lutz et al., 2009). Cross-sectional and neuroimaging research 

examining mindfulness and cognitive function are mostly consistent with typically 

positive results, while RCT data is more inconsistent.  
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2.3 Mindfulness and Older Adults’ Brain Health 

2.3.1 Cross-Sectional Studies 

Cross-sectional between-participant-design and neuroimaging studies suggest 

that mindfulness can improve cognitive function (Prakash et al., 2012) and brain-

health as measured by fMRI (Chételat et al., 2017; Luders et al., 2016). In one study, 

experienced Vihangam yoga meditators (n = 20) performed significantly better on 

measures of executive function, working memory, processing speed, and selective 

attention than inexperienced meditators (n = 20) matched for age (mean = 59.91), 

sex, and education (Prakash et al., 2012). This is supported by neuroimaging data 

(Chételat et al., 2017) comparing cognitively healthy experienced mindfulness 

practitioners (n = 6, mean age = 64.8) to an age-matched control group (n = 67, mean 

age = 64.8). Results showed higher grey matter volume and better metabolic ability 

in the experienced mindfulness group in the anterior cingulate cortex (ACC), insula, 

medial prefrontal cortex, higher volume in the temporo-parietal junction, and better 

metabolism in the posterior cingulate cortex (Chételat et al., 2017). The ACC is of 

particular interest here as it is thought to play a key role in selective attention 

(MacLeod & MacDonald, 2000), a domain observed to decline with age and that 

also appears to benefit from meditation (Craigmyle, 2013; West, 2004). Luders et al. 

(2016) took a different approach and compared the brains of long-term meditators (n 

= 50) to controls (n = 50) using the BrainAGE estimation framework (Franke et al., 

2010), a machine-learning approach based on imaging pattern recognition. At age 

50, the brains of meditators were estimated to be 7.5 years younger than those of 

controls according to the BrainAGE measure. These positive effects continued where 

meditators' brains were estimated to be an additional 1 month and 22 days younger 

than their chronological age for every additional year after 50. In addition to this 
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cross-sectional evidence, intervention studies also generally report positive 

relationships between mindfulness and cognitive health in older adults. 

2.3.2 Randomised-Controlled Intervention Studies 

Gothe et al. (2017) extended on the findings above (Prakash et al., 2012) with 

an RCT, reporting that mindfulness practice (hatha yoga) (n = 61) 

over eight weeks yielded better effects on cognitive function compared to a 

stretching and strengthening control (n = 57) in cognitively healthy older adults. 

Participants significantly improved on cognitive measures of executive function, 

working memory, and mental flexibility. This is noteworthy as hatha yoga is the type 

of yoga meditation taught in MBSR and MBCT. As well as this, Gothe and 

colleagues (2017) controlled for any potential aerobic effects by using an equally 

physically active control group, suggesting that mindfulness was the mechanism of 

change in cognitive performance. In a more recent RCT (Sevinc et al., 2021) that 

analysed both cognitive and neuroimaging outcomes in healthy older adults (mean 

age = 70.6, range = 65-80), an MBSR-based mindfulness training programme (n = 

72) was found to be slightly more beneficial than a cognitive fitness control (n = 74) 

in improving episodic memory, executive function, and global cognition (Preclinical 

Alzheimer Cognitive Composite; Donohue et al., 2014), primarily in episodic 

memory. Note that the only reported deviation from MBSR in this study was 

removing the emphasis on stress reduction and instead emphasising focus and 

concentration, so hatha yoga remained a taught form of mindfulness practice. 

Improvements in the mindfulness group were uniquely associated with increased 

connectivity in the DMN, most notably connectivity between the right hippocampus 

and the right precuneus, areas that tend to deteriorate later in the lifespan and are 

associated with memory function (Nyberg, 2017) and novel learning (McGilchrist, 
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2019; Robertson, 2014). Sevinc et al. (2021) used an empirically based MBI stripped 

of educational and cognitive-behavioural therapy elements, thus focusing exclusively 

on teaching mindfulness. Although further research is required to 

determine optimal type of MBI, this suggests that the more ‘pure 

mindfulness’ interventions may be of benefit for cognitive and brain function.  

The extant literature suggests that simplified interventions focusing on 

‘cognitive elements’ of MBI (e.g., focused attention meditation) may be less 

effective than those that adhere more strictly to MBSR protocol. MBIs with 

significant deviations from MBSR protocol (as mentioned above) tend to show little 

or no significant improvements in the cognitive function of healthy older adults (e.g., 

Malinowski et al., 2017; Oken et al., 2017; Polsinelli et al., 2020). Deviations 

included using only a focused attention style mindfulness practice (mindful breath 

awareness) rather than incorporating multiple practices such as open awareness 

meditation, mindful movement, and hatha yoga (Malinowski et al., 2017; Polsinelli 

et al., 2020), shorter practice sessions (Malinowski et al., 2017) and less than eight 

weeks practice (Oken et al., 2017; Polsinelli et al., 2020). Oken et al. (2017) only 

used focused attention meditation and excluded hatha yoga, the importance of which 

has been demonstrated (Gothe et al., 2018), and practice sessions were one-on-one 

rather than in a group setting. In Malinowski et al.’s (2017) study, improvement in 

visuospatial awareness and inhibitory control were reported, but expected 

improvements in attention and executive function were not.   

Overall, RCT studies that utilised hatha yoga meditation or included the key 

elements of MBSR reported improvements in executive function (Gothe et al., 2018; 

Sevinc et al., 2021), while other RCTs that excluded yoga meditation or other key 

aspects of MBSR did not report similar effects (Malinowski et al., 2017; Oken et al., 
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2017; Polsinelli et al., 2020). This could be attributed to the unique association yoga 

appears to have with increased modulation of y-aminobutyric acid (GABA) thalamic 

activity in the limbic system of the brain; GABA activity plays a major role in 

regulating stress and anxiety (Streeter et al., 2010), and stress and anxiety are 

associated with an increased risk of cognitive decline (Becker et al., 2018; Gulpers et 

al., 2016; McEwen & Sapolsky, 1995). The thalamus is also involved in attentional 

control (Tokoro et al., 2015), learning and episodic memory (Child & Benarroch, 

2013; Torrico & Munakomi, 2025), and in regulating circadian rhythms (Steriade & 

Llinás, 1988; Torrico & Munakomi, 2025). There remains a lack of clarity around 

the impact of MBI on cognition; a number of factors may mediate or moderate this 

relationship including social engagement (Krueger et al., 2009; Quaglia et al., 2015), 

cognitive engagement (Bransby et al., 2022), increasing trait mindfulness (Kiken et 

al., 2015; Sevinc et al., 2021) or improving sleep quality (Wang et al., 2020; Zhang 

et al., 2015).   

 

2.4 Sleep, Mindfulness, and the Brain 

There is consensus around the importance of sleep in promoting positive 

cognitive outcomes (Livingston et al., 2024). Evidence suggests anomalous sleep 

changes occur many years before observed decline in cognitive functioning and may 

contribute to a greater risk of pathological cognitive decline and neurodegeneration 

(Cordone et al., 2019; Lim et al., 2013; Sharma et al., 2018). Andrade et al. (2018) 

found an association between a decrease in slow wave sleep (SWS) and increased 

amyloid plaque in the brains of cognitively healthy older adults – indicating that 

older adults, although cognitively unimpaired, may be at an increased risk of 

cognitive decline due to increased amyloid deposition and poorer sleep quality (for 
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in-depth discussion see Ch1, 1.4). Branger and colleagues (2016) suggest that 

subjective sleep quality should be screened in cognitively healthy older adults when 

evaluating risk of AD, particularly in the absence of overt signs of pathological 

cognitive decline. Preserving sleep quality at this stage, and thus potentially 

preserving brain function, could be protective against future pathological cognitive 

decline (Lista & Hampel, 2017). 

Viewed through the MAT framework, sleep quality and mindfulness could be 

linked by the association between sleep and sustained attention (Arnal et al., 2015; 

Chua et al., 2014) or prefrontal functions (Gildner et al., 2014), in that mindfulness 

may improve sleep, and improved sleep could contribute to the attention monitoring 

aspect of mindfulness outlined in MAT. From another perspective, Lau et al. (2018) 

cross-sectionally investigated MAT in a sleep context, and found evidence to suggest 

that attention monitoring and acceptance together are likely mechanisms in 

improving sleep quality in adults through stress reduction, but this type of mediation 

analysis has not been replicated in an older adult sample. In RCTs, MBI has shown 

potential for improving subjective sleep quality in older adults (Gallegos et al., 2016; 

Zhang et al., 2015) and has been more effective than a sleep hygiene intervention 

(Black et al., 2015). A recent meta-analysis of RCTs also found that meditation 

exercises improved sleep disorders in older adults (He et al., 2019). EEG research 

reported that brain activity regulates to levels similar to those of light sleep (slow 

frequency theta waves) when a deep meditative state is reached (Aftanas & 

Golocheikine, 2002; Kubota et al., 2001; Tang et al., 2019). This could explain the 

effectiveness of MBI in improving subjective sleep quality in older adults. 

Significant correlation between amyloid plaque levels and scores on the Pittsburgh 

Sleep Quality Index (PSQI) (Chen et al., 2018) suggests MBI has the potential to 
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reduce this early marker of increased pathological cognitive decline risk by 

improving sleep outcomes, perhaps through regulation of brain activity, as well as by 

potentially maintaining functional connectivity regionally (e.g., DMN) and globally 

in the brain (Fam et al., 2020) (see Ch1, 1.4 for in-depth detail).  

 

2.5 Existing Reviews 

While prior systematic reviews have considered MBI and its impact on 

cognitive function in older adults in general and older cognitively impaired adults 

(Han, 2022; Sanchez-Lara et al., 2022), no systematic review or meta-analysis has 

focused on older adults without cognitive impairment, a population that could stand 

to gain hugely in terms of cognitive function and reduction in risk of future age-

related cognitive decline. These reviews give us a broad idea of the effect of MBI on 

older adults in general (Sanchez-Lara et al, 2022) and on older adults with cognitive 

impairments and dementia (Han, 2022). Reviews have also investigated MBI and 

sleep quality in adults (Kim et al., 2022; Rusch et al., 2019), but these reviews were 

not confined to older adult populations or a specific level of cognitive ability. These 

reviews found MBI to have no significant effect on cognitive function in older adults 

in general (Sanchez-Lara et al., 2022) or in cognitively impaired older adults (Han, 

2022), while recent reviews on MBI and sleep quality in adults (aged 18+) found that 

MBI may be effective for improving sleep (Kim et al., 2022; Rusch et al., 2019), but 

there was no emphasis or sub-group analysis in these reviews on sleep quality in 

older adults. Our review builds on the work of these earlier reviews by focusing on 

cognitively healthy older adults, and aiming to review studies which explored 

interassociations between sleep, mindfulness, and cognitive function.  
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2.6 The Current Review 

To the best of our knowledge, no studies have conducted a systematic review 

and meta-analysis on the effect of MBIs on the cognitive function and sleep quality 

of cognitively healthy older adults. Therefore, this review aims to assess the effects 

of MBI on cognitive function and/or sleep quality in this population. Our main 

objectives are to systematically review extant evidence from available RCT studies 

investigating (i) the effect of MBI on cognitive function; (ii) the effect of MBI on 

sleep quality; and (iii) sleep quality as a mediator of the MBI-cognitive function 

relationship, in healthy older adults.  

 

2.7 Methods 

 

Protocol and registration 

The review protocol was registered on PROSPERO 

(https://www.crd.york.ac.uk/prospero/) with registration number CRD42021207714.  

 

Search Strategy 

Databases searched were PubMed, Web of Science, Embase, and PsycInfo to 

identify RCTs or cohort studies written in English and published between 2010 and 

2021. A cut-off point of 2010 was decided upon in order to ensure that included 

studies contain up to date literature in this rapidly developing field. Search terms 

included “mindfulness-based intervention” OR “MBI” OR “MBSR” OR “MBCT” 

OR “mindfulness” OR “mindfulness-based stress reduction” OR “mindfulness-based 

cognitive therapy” OR “meditation”, AND “healthy elderly” OR “elderly” OR 

“older adults” OR “old adults” OR “ageing” OR “cognitive ageing” OR “cognitively 

https://www.crd.york.ac.uk/prospero/
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healthy older adults”, AND/OR “sleep” OR “sleep quality”. These searches were 

supplemented by searching reference lists of relevant review papers, Google scholar, 

and the author’s own documents. When a satisfactorily comprehensive search had 

been achieved, studies were screened first by title and then by abstract. Remaining 

studies were screened by full-text by two independent reviewers, with any 

disagreements resolved through a discussion with an extended panel of advisors. See 

Appendix A for search strategy. Study selection is visualised in Figure 2.1 in 2.8 

Results.   

 

Selection Criteria 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) guidelines were adhered to during the selection process. Studies were 

included if the intervention used was MBSR, MBCT, or a MBI that used similar 

practices. MBIs other than MBSR/MBCT were included if they taught the same 

mindfulness techniques – sitting meditation, body scan, and mindful 

movement/hatha yoga, with a once weekly class for 8 weeks. Studies with MBIs 

shorter than 6 weeks were excluded due to deviating too much from MBSR protocol. 

The all-day mindfulness retreat in MBSR/MBCT was not a necessity for inclusion. 

Age criteria required a mean age of >60, with age range no lower than 55. Studies 

were excluded if participants had a clinical diagnosis of MCI or worse (dementia), or 

if the authors of a study deemed the population cognitively impaired. Studies with 

participants with clinical depression or anxiety, sleep disorders, or other significant 

medical, psychiatric, or neurological issues were also excluded (excluded studies 

table in Appendix B). RCT studies were considered for inclusion and must have had 
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minimum ten participants per condition. While cohort studies were also considered 

for inclusion, none were identified during the search. 

The primary outcome of interest was cognitive function. Sleep quality was a 

secondary outcome of interest. Cognitive function could be measured by global or 

composite measures of cognitive function, or separated into pertinent cognitive 

domain measures such as memory, executive function, attention, processing speed, 

and verbal ability. Measures of subjective cognitive decline were also considered. 

Sleep quality must have been measured using the PSQI.  

 

Data Synthesis and Analysis 

Data were extracted by two independent reviewers and overseen by a 

mathematics support officer. Demographic information was extracted from each 

study, as well as any outcome data relevant to our selection criteria. Number of 

participants in each condition, mean change from baseline to post-test of each 

continuous outcome, and 95% confidence intervals were recorded. Where necessary, 

original authors were contacted to obtain data, and unobtainable/missing data were 

imputed where possible. Data were first entered into an Excel spreadsheet, and then 

the “meta” package in R 4.2.0 (R Core Team, 2021) was used to impute missing 

values and conduct the meta-analysis. Standard deviations of mean difference for 

pre-post intervention (first post-intervention timepoint, not a later follow-up) scores 

for each group were imputed from five included studies (with the exception of 

Moynihan et al.’s (2013) study and Smart et al.’s study (2016)) as they were required 

for calculating effect sizes and confidence intervals. Analyses were conducted 

according to guidelines in the Cochrane Handbook for Systematic Reviews of 

Interventions (Higgins et al., 2019). A random-effects approach was used due to 
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heterogeneity among studies in terms of sample size and control conditions. Revman 

5.4 was used to create forest plots and calculate a Cohen’s d effect size metric (0.2 = 

small effect, 0.5 = medium effect, 0.8 large effect). Heterogeneity of effect sizes was 

calculated using the I2 statistic. 

Summary characteristics of the final studies included for data extraction is 

shown in Appendix C. Risk of bias (Figure 2 in 2.8 Results) was assessed by two 

independent reviewers using the Cochrane Risk of Bias Tool as outlined in the 

Cochrane Handbook. 

 

2.8 Results 

 

Study Selection 

Searches of PubMed, Embase, Web of Science, and PsycInfo initially yielded 

1541 results. 1099 were excluded based on title, and screening of study abstracts 

resulted in a further 247 being excluded. Using the duplicate removal function in 

Endnote, 162 duplicates were removed. Two independent reviewers screened the full 

texts of the remaining 33 studies, seven of which fit the inclusion criteria (see 

flowchart – Figure 2.1). The rationale for excluding the remaining 26 studies can be 

found in the table of excluded studies (Appendix B). Of the final seven included 

studies, four were conducted in the USA and three were conducted in Canada, and 

all were written and published in English.  
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Figure 2.1 

Study selection flowchart 

 

Study Characteristics 

The seven RCTs eligible for inclusion contained 276 participants in 

experimental mindfulness intervention groups, 118 waitlist controls, and 169 active 

controls. Samples sizes of studies varied from 36 (Smart et al., 2016) to 200 

(Moynihan et al., 2013) participants. Mean age of participants in the studies was 
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72.04 (SD = 5.11), with no participants younger than 55. There were more female 

participants in total (66%) and the mean years of education was 16.5 (SD = 0.18). 

Participant ethnicity was not reported in all studies but samples were 

overwhelmingly Caucasian (91.5%) in studies where ethnicity was reported (Black 

et al., 2015; Bubb, 2014; Smart et al., 2016). As per the inclusion criteria outlined in 

the 2.7 Methods section, all included studies adhered to MBSR exactly or closely. 

Specifically, four studies used MBSR (Bubb, 2014; Gallegos et al., 2016; Mallya & 

Fiocco, 2016; Moynihan et al., 2013), one was MBSR tailored for older adults 

(Smart et al., 2016), another was derived from MBSR, but focused on concentration 

and attention rather than stress reduction (Sevinc et al., 2021), while Black and 

colleagues (2015) used Mindful Awareness Practices (MAPs), which contained very 

similar elements to MBSR.  

All interventions were 8-weeks in length except for MAPs, which was 6-

weeks (Black et al., 2015). Two studies investigated MBI and sleep outcomes (Black 

et al., 2015; Gallegos et al., 2016), four investigated MBI and cognitive function 

(Bubb, 2014; Mallya & Fiocco, 2016; Moynihan et al., 2013; Smart et al., 2016), and 

one study examined MBI and both sleep and cognitive function (Sevinc et al., 2021). 

One study (Gallegos et al., 2016) was an isolated secondary analysis of sleep 

outcomes from Moynihan and colleagues’ (2013) RCT data, which had focused on 

executive function. Controls differed between the three studies that investigated 

sleep; one used a sleep hygiene education (SHE) programme (Black et al., 2015), 

another a cognitive fitness programme (Sevinc et al., 2021), and another a waitlist 

control (Gallegos et al., 2016). Controls were also diverse across the five studies that 

investigated cognitive function; one used a waitlist control (Moynihan et al., 2013), 

three used active controls (Mallya & Fiocco, 2016; Sevinc et al., 2021; Smart et al., 
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2016), while one had both a waitlist group and an active control group (Bubb, 2014). 

Active controls in the cognitive function studies included psychoeducation (Smart et 

al., 2016), reading and relaxation (Mallya & Fiocco, 2016), mind aerobics (Bubb, 

2014), and cognitive fitness training (Sevinc et al., 2021). Study characteristics are 

presented in Appendix C. 

 

Outcome Measures 

Outcome measures varied across studies. In line with prior reviews (Kelly et 

al., 2014a, 2014b; Martin et al., 2011) we grouped outcome measures according to 

cognitive domains/ability subgroups. Memory was assessed using measures of free 

and delayed recall. Free recall was measured using the Free and Cued Selective 

Reminding Test (Sevinc et al., 2021) and the California Verbal Learning Test 

(Mallya & Fiocco, 2016), while delayed recall was measured using the Logical 

Memory IIa subtest from the Wechsler Memory Scale (Sevinc et al., 2021). 

Executive functioning was assessed using measures of verbal fluency, attention, and 

processing speed. Verbal fluency was measured using the Controlled Oral Word 

Association Test (Mallya & Fiocco, 2016); attention was measured using the Stroop 

(Bubb, 2014) and Attention Network Test (Bubb, 2014); and processing speed was 

measured using the Digit Symbol Substitution Test (DSST) from the Wechsler Adult 

Intelligence Scale-Revised (Sevinc et al., 2021). Overall executive functioning was 

measured using the Trails Test (Bubb, 2014; Mallya & Fiocco, 2016; Moynihan et 

al., 2013; Sevinc et al., 2021). Global cognition was assessed using the Mini-Mental 

State Exam MMSE (all studies) (Folstein et al., 1975) and the ADAS-Cog (Bubb et 

al., 2014). Subjective cognitive function was measured using a Cognitive Complaints 

Index (CCI) (Smart et al., 2016). Sleep quality was measured using the PSQI (Sevinc 
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et al., 2021; Black et al., 2015; Gallegos et al., 2016). See Appendix C for tabular 

format.  

 

Key Findings from Individual Studies 

Sevinc et al. (2021) 

 Sevinc et al. (2021) compared an 8-week MBI to a cognitive fitness training 

(CFT) control in a sample of healthy older adults (N = 146). The MBI only differed 

from MBSR in that it emphasised concentration and focus rather than stress 

reduction. They hypothesized that the MBI group’s cognitive function would 

improve in multiple domains (episodic memory, executive function, and global 

cognition) compared to the control group and that improvements would be 

associated with improved intrinsic connectivity between the hippocampus and the 

posteromedial cortex (PMC) in the default mode network. This hypothesis was based 

on evidence that suggests mindfulness training improves, in particular, the structure 

and function of the hippocampus and the posterior cingulate cortex (Hölzel et al., 

2011; Wells et al., 2013), regions that deteriorate with cognitive decline and are 

critical for healthy cognitive ageing (Dickerson & Eichenbaum, 2010; Ferreira et al., 

2016; Wang et al., 2010). They also hypothesised that improvements in 

neuropsychological outcomes would be associated with increased intrinsic 

connectivity between the PMC and hippocampus, as well as an increase in grey 

matter volume in these regions. They took neuropsychological measures (PACC) 

and brain imaging measures (MRI; voxel-based morphometry to measure grey 

matter volume and seed-based connectivity analyses to measure functional 

connectivity between brain regions). Within the MBI group, there was significant 

small-medium improvement in cognitive function (PACC) at post-intervention 
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compared to baseline, primarily in memory recall, while there was no significant 

within-group change in the cognitive fitness training (CFT) control. Between groups 

comparison, however, showed no statistically significant difference between MBI 

and CFT in cognitive function. MBI group improvement was associated with 

increases in intrinsic connectivity between the right hippocampus and right 

precuneus. This association was not found in the control group, although the 

between-group difference in intrinsic connectivity between the right hippocampus 

and right precuneus did not reach significance.  

Mallya & Fiocco (2016) 

 Mallya and Fiocco (2016) compared an adapted MBSR programme to a 

reading and relaxation control (R&R) in a sample of 97 older adults. The only 

alterations to MBSR protocol were a shortening of daily practice to 15 minutes and 

removing the full day retreat from the intervention. Their hypothesis stated that 

MBSR would be associated with significant improvements in executive function and 

episodic memory. They conducted two analyses; intention to treat (ITT; intervention 

non-completers included in analyses) and per protocol treatment (PPT; only 

participants who completed the protocol treatment). They found no difference 

between the MBSR group and the R&R group in cognitive performance in their ITT 

analysis, and no significant improvement in MBSR completers (PPT) in episodic 

memory (free recall) compared to R&R completers (p = 0.08). Other outcomes in 

this study not relevant to this review were stress, depression, quality of life, and self-

esteem. The MBSR group reported significantly better QOL in both ITT and PPT 

analyses, but not in any other psychosocial measures. 

Smart et al. (2016) 
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 This study’s focus was subjective cognitive function, with a sample (N = 36) 

of healthy older adults undergoing mindfulness training (MT) (n = 18) or a 

psychoeducation control (PE) (n = 18). The sample was also divided into those who 

self-reported subjective cognitive decline (SCD) (n = 14) and those who did not 

(healthy controls [HC]) (n = 22). Smart and colleagues hypothesised that MT would 

increase attentional capacity compared to PE, and expected improvements in 

attentional capacity to be more pronounced in the SCD subgroup. They hypothesised 

that participants in the MT condition would show reduced reaction times, aligning 

with the idea that MT would cause more stable moment-to-moment attention post-

intervention. They hypothesised that MT would be associated with an increase of 

whole brain volume. Finally, they hypothesised that MT would be associated with 

positive changes on the previously described cognitive complaints index (CCI) and 

on self-reported mindfulness. Electroencephalography/even-related potential 

(EEG/ERP) was used to measure P3 amplitude, an indicator of attentional capacity. 

MRI was used to explore whole brain volume differences between those with SCD 

and HC under MT and PE conditions. They found that participants with SCD who 

received MT showed increased P3 amplitude post-intervention, indicating better 

attentional capacity compared to baseline, and equivalent to HCs’ attentional 

capacity post-intervention. There was no similar change in pre- and post-intervention 

scores of HCs’ attentional capacity. The SCD group also demonstrated a reduction in 

intraindividual reaction time on the Go/Nogo task, which was interpreted as an 

improvement in attentional stability. This improvement was observed in both SCD 

participants and HCs alike and was attributed to practice effects. They found a robust 

percentage volume brain change in the MT condition compared to PE, however, this 

was in a reduced sample size due to MRI data quality issues. For their final 
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hypothesis pertaining to self-reported measures, such as the CCI, Smart and 

colleagues found similar improvement in psychological functioning in the SCD 

participants in both MT and PE conditions. 

Bubb (2014) 

 Bubb (2014) compared an adapted MBSR condition (n = 32) to a waitlist 

control (n = 16) and a Mind Aerobics condition (n = 22) in a sample of healthy older 

adults (N = 70). They hypothesised that the adapted MBSR programme would act as 

a form of attention state training and that MBSR participants would show greater 

improvement than waitlist controls in attention and in working memory, and that 

there would be far transfer effects (i.e., improvements in other untrained cognitive 

domains). It was also hypothesised that the Mind Aerobics conditions would 

demonstrate training effects but wouldn’t produce the same far transfer effects as 

MBSR. Bubb (2014) found no significant cognitive improvement in those under 

MBSR conditions compared to those under both waitlist and Mind Aerobics 

conditions. Mind Aerobics participants showed a significant improvement on visual 

memory, which was an expected training effect. However, there were no far transfer 

effects in either the MBSR or Mind Aerobics group.  

Moynihan et al. (2013) 

 Moynihan and colleagues compared standard MBSR (n = 105) to a waitlist 

control (n = 103) in a sample of healthy older adults (N = 208). Seven participants 

were excluded from analyses due to missing data, though their group assignment was 

unspecified, resulting in a final sample size of N = 201. Minor modifications to 

MBSR were made if necessary to accommodate individualized needs – for example, 

hatha yoga may have been undertaken seated for certain older participants. They 

investigated the effect of MBSR on executive function, EEG activity, and antibody 
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response. EEG measurement taken from the left prefrontal cortex was designed to 

measure emotional approach orientation. Measures of depression and perceived 

stress were also taken. Hypotheses stated MBSR participants would show greater 

improvements than waitlist controls in all measures. The MBSR group displayed 

significantly better executive function than waitlist control (p = 0.04). However, at 3 

week and 21 week follow-ups, this effect was not maintained. 

Gallegos et al. (2016) 

 Gallegos and colleagues conducted a secondary analysis of Moynihan et al.’s 

(2013) RCT data, examining sleep quality changes associated with MBSR compared 

to sleep quality changes associated with a waitlist control. Overall, they found 

MBSR significantly improved sleep quality compared to waitlist controls (p = 0.03), 

although the effect size was small (partial eta squared = 0.02). In their analysis, they 

divided the sample into subsamples based on sleep quality at baseline and found that 

those with worse sleep quality at baseline benefited more from MBSR. For those 

who scored >5 on the PSQI at baseline, MBSR had a significant (p = 0.02), small 

effect (partial eta squared = 0.05), and for those who scored >10 at baseline, MBSR 

had a significant (p = 0.04), medium effect (partial eta squared = 0.10) on sleep 

quality.  

Black et al. (2015) 

 Black and colleagues’ RCT was primarily concerned with sleep quality as 

measured by PSQI, and thus compared a standardised MBI (mindfulness awareness 

practices [MAPs]) (n = 24) to a sleep hygiene education control (SHE) (n = 25) in a 

sample of healthy older adults (N = 49). MAPs is similar to MBSR but differs in that 

overall it is shorter by 2-weeks, and daily home practice begins at 5 minutes and 

advances to 20 by end of intervention, while MBSR advises participants to undertake 
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40 minutes of practice per day from the first week. Secondary outcomes of interest 

were sleep-related daytime impairment outcomes and inflammatory signalling. 

Fatigue, depression, stress, anxiety, and insomnia symptoms were measured using 

linear scales and inflammatory signalling was measured via nuclear factor-kB 

concentration. The MAPs group’s PSQI scores improved significantly compared to 

the SHE control (p < 0.05, Cohen’s d = 0.89). This finding was corroborated by 

significant between group improvement on the Athens Insomnia Scale (p < 0.05, 

Cohen’s d = 0.65). Significant improvements (p < 0.05) in the MAPs group 

compared to SHE group were also found on measures of fatigue and depression, 

while both groups improved on anxiety and inflammatory signalling with no 

significant between group differences. PSQI improvements were significantly 

correlated with changes in the nonreactivity sub-scale of the Five Facet Mindfulness 

Questionnaire (r = -0.46, p = 0.04), as were Athens Insomnia Scale scores (r = -0.53, 

p = 0.02). There was no such relationship found in the SHE group. 

 

Summary 

Seven studies were selected for inclusion in the review. Five of these studies 

investigated MBI and cognitive function (Bubb, 2014; Moynihan et al., 2013; 

Mallya & Fiocco, 2016; Smart et al., 2016; Sevinc et al., 2021), while three 

investigated MBI and sleep quality (Black et al., 2015; Gallegos et al., 2016; Sevinc 

et al., 2021). One study did take measures of sleep quality and cognition in the same 

study and was included in sleep quality meta-analysis, but they didn’t analyse the 

relationship between MBI, cognitive function, and sleep quality (Sevinc et al., 2021). 

This meant that our third objective, to explore sleep quality as a mediator of 

the relationship between MBI and cognitive function, could not be realised. Of the 
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five studies investigating cognitive function, four took measures of executive 

function (Bubb, 2014; Moynihan et al., 2013; Mally & Fiocco, 2016; Sevinc et al., 

2021), with one finding a small, significant effect of MBI on executive function 

(Moynihan et al., 2013). Moynihan et al.’s (2013) study could not be included in 

meta-analysis as standard deviation mean differences were not reported nor were 

they possible to impute from the reported data. Of the five studies investigating 

cognitive function, four investigated memory; none found a significant effect of MBI 

on memory (Bubb, 2014; Mally & Fiocco, 2016; Smart et al., 2016; Sevinc et al., 

2021). Two out of the three studies investigating sleep quality found a significant 

effect of MBI on sleep quality (Black et al., 2015; Gallegos et al., 2016). 

As all included studies were RCTs, overall study quality was generally high, 

but there were concerns in relation to outcome measurement and deviations from the 

intended intervention in 43% of included studies, and concerns in relation to the 

randomization process in one study. Risk of bias analysis showed there were some 

concerns with a small amount of high risk in relation to bias in the included studies 

(see Figure 2.2). 

Figure 2.2 

Risk of bias 
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Note. Cochrane Risk of Bias version 2 (RoB 2) tool showing risk level for each risk 

of bias domain as percentages across included studies (see 2.9.1 for further 

breakdown). 

 

Meta-analysis 

Executive Function 

 Data were pooled from three studies (Bubb, 2014; Mallya & Fiocco, 2016; 

Sevinc et al., 2021) for meta-analysis of executive function outcomes (Figure 2.3). 

There were 142 participants in experimental conditions and 132 in active control 

conditions, which consisted of Mind Aerobics, Reading & Relaxation, and cognitive 

fitness training. There was no significant difference between experimental and 

control groups (Cohen’s d = 0.22, p = 0.88, z = 0.15, CI = -3.13, 2.70), although EF 

outcomes were slightly better for the MBI group compared to active controls. 

Heterogeneity among these studies was low (I2 = 0%). See visualised in Figure 2.3.  

Figure 2.3 

Executive Function 

 

Note. Forest plot showing mean differences in executive function scores between 

experimental (MBIs) and controls for each study, with 95% confidence intervals (CI) 

and study weight, and pooled-random effects estimate (diamond). Negative values 

favour MBI and positive values favour controls.  
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Memory 

 There were three studies with sufficiently reported data on memory outcomes 

that could be pooled for meta-analysis (Bubb, 2014; Mallya & Fiocco, 2016, & 

Sevinc et al., 2021). Heterogeneity was low enough for meta-analysis to be 

conducted (I2  = 0%). All three of these studies included measures of delayed recall, 

and two of them had similar measures of free recall (Mallya & Fiocco, 2016; Sevinc 

et al., 2021). In experimental (MBI) conditions there were 142 participants and in the 

active control conditions there were 132. For delayed recall, the experimental 

condition was favoured but the difference in effect was not statistically significant 

(Cohen’s d = 0.7, p = 0.14, z = 1.46, CI = -1.66, 1.24). See Figure 2.4. For free 

recall, heterogeneity within Mallya & Fiocco and Sevinc and colleagues’ studies was 

also low enough to conduct meta-analysis (I2 = 45%). In Sevinc et al.’s study the 

cognitive fitness training control improved more in free recall than the MBI group, 

and in Mallya & Fiocco’s study (weighted 55.6%) the MBI group improved more. 

Overall, the experimental condition was very slightly favoured (Cohen’s d = 0.05, p 

= 0.95, z = 0.07, CI = -1.54, 1.44). See visualised in Figure 2.5. 

Figure 2.4 

Delayed Recall 
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Figure 2.5  

Free Recall 

 

Sleep Quality 

 Three studies were pooled for meta-analysis of sleep quality outcomes (Black 

et al., 2015; Gallegos et al., 2016; Sevinc et al., 2021). Heterogeneity was moderate 

between the three studies (I2 = 54%). Two of these studies used active controls, sleep 

hygiene education (Black et al., 2015) and cognitive fitness training (Sevinc et al., 

2021), and the other used a waitlist control (Gallegos et al., 2016). In experimental 

conditions there were 194 participants and in control conditions there were 200 

participants. MBI had a significant overall effect on sleep quality (Cohen’s d = 0.9, p 

= 0.03, z = 2.13, CI = -1.77, -0.77). The MBI condition was favoured over controls 

to a significant level with a large effect size. See visualised in Figure 2.6. 

Figure 2.6  

Sleep Quality 

 

 

2.9 Discussion 

This systematic review and meta-analysis aimed to assess the effects of MBI 

on cognitive function and sleep quality in healthy older adults. The first objective 
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was to systematically review extant evidence from available RCTs investigating the 

effect of MBI on cognitive function in our population of interest. In relation to this 

objective, we were able to conduct meta-analysis on two distinct types of memory 

(free recall and delayed recall) and on executive function. Three studies’ data were 

pooled for analysis on executive function and delayed recall (Bubb, 2014; Mallya & 

Fiocco, 2016; Sevinc et al., 2021) and two were pooled for analysis on free recall 

(Mallya & Fiocco, 2016; Sevinc et al., 2021). Compared to controls, MBI had a non-

significant effect on all of these cognitive domains. The second objective was to 

systematically review extant evidence from available RCTs investigating the effect 

of MBI on sleep quality in our population of interest. Three studies’ data were 

pooled for analysis on sleep quality (Black et al., 2015; Gallegos et al., 2016; Sevinc 

et al., 2021). Compared to controls, MBI had a significant effect on sleep quality 

with a large effect size. Our third objective pertained to reviewing studies that 

investigated sleep quality as a mediator of the MBI-cognitive function relationship. 

To the best of our knowledge, no RCTs exist that examine this relationship in 

healthy older adults and therefore this objective could not be addressed. 

Outside of meta-analysis, and also in relation to the first objective, Moynihan 

et al. (2013) reported a small but significant effect of MBI on executive function, but 

this was compared to a waitlist control, making a significant finding more likely. 

Smart et al.’s (2016) study found that MBI produced increased attentional capacity 

in those with SCD, attentional capacity that was equivalent to non-SCD controls’ 

(nSCD) capacity at baseline. The attentional capacity of nSCDs did not change in 

this study, while the SCD participants did. Despite this finding coming from a small 

sample size, this is perhaps an indication that those without SCD will not benefit, or 

will not show any detectable cognitive benefit, from engaging in MBI, whereas 
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cognitively healthy individuals who self-report memory/cognitive issues (SCD), but 

do not reach objective thresholds for cognitive impairment, may benefit. It is 

possible that some cognitive measures are not sensitive enough to detect changes in 

cognitive function in cognitively healthy older adults, but when combined with 

different measurement techniques (EEG, brain scans), as in Smart et al.’s (2016) 

study, unique differences between groups practicing mindfulness and controls are 

found. As another example of this, Sevinc et al. (2021) reported no significant 

difference between MBI and CFT conditions in improving cognitive outcomes (both 

conditions improved cognitive function), but they did find that memory 

improvement in the MBI group was uniquely and significantly associated with 

increases in intrinsic connectivity between the right hippocampus and right 

precuneus. Previous cross-sectional work on older experienced meditators and MBI 

trial research also found these areas of the brain, which are involved in executive 

function and memory, to have better function than in non-meditators and controls 

(Chételat et al., 2017; Shaurya Prakash et al., 2013; Wells et al., 2013). Another 

option in relation to measurement sensitivity is to make greater use of cognitive tests 

that are associated with temporally mediated domains, such as verbal fluency 

(Pihlajamäki et al., 2000), which tend to be more sensitive to cognitive and neural 

change in unimpaired older adults (Brickman et al., 2005). 

It is unclear whether MBI has an effect on cognitive function in healthy older 

adults. It is possible that 8-weeks of mindfulness practice, as is practiced in most 

standardised MBIs, is not a long enough time for improvement in 

awareness/attention monitoring that MAT (Lindsay & Creswell, 2017) posits 

cognitive effects to be detectable by neuropsychological measures in those who are 

cognitively healthy (Kurth et al., 2017). This could be why cross-sectional research 
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shows a much clearer disparity between cognitive function in meditators and non-

meditators – generally, experienced meditators in these studies have practiced 

mindfulness for many years, rather than 8 weeks (e.g., Luders et al., 2016). Through 

the lens of MAT, it is possible that longer than 8-weeks of practice is necessary for 

attention monitoring/awareness improvements, while less time is needed for 

improvements in acceptance. Equally, however, these differences could be due to 

other extraneous and unique characteristics that meditators tend to share, that non-

meditators do not possess. Recall, though, that in both Smart et al.’s (2016) and 

Sevinc et al.’s (2021) studies, imaging and brain activity measures did produce 

significant findings from 8-week MBI in older adults without cognitive impairment. 

Ideally, RCTs of MBIs longer than 8-weeks with multiple follow-ups would help 

determine if these brain changes lead to cognitive improvement in longer term 

practice (Kurth et al., 2017; Tang et al., 2016). These views are shared by Luders et 

al. (2014), who, in their review, recommended that future neuroimaging research on 

mindfulness and brain ageing would “have to include neurocognitive measures to 

address if the preservation of brain tissue is related to the preservation of mental 

capacities, and which cognitive domains are particularly affected… longitudinal 

studies – preferably using random assignments to mindfulness interventions and an 

active control condition – will help to discriminate between cause and effect” (p. 86). 

They also stated more research on normative (cognitively unimpaired) samples was 

required – Smart et al. (2016) and Sevinc et al. (2021) have since conducted such 

research but further randomised longitudinal design studies are still needed to 

address the cognitive and brain-preserving potential of mindfulness practice. Gard, 

Hölzel, et al. (2014), too, emphasised the importance of establishing in the future 

“what neural changes underlie the effects of meditation on cognitive function” (p. 
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101) (i.e., brain imaging measurement and neuropsychological measurement), as 

well as the importance of implementing long-term follow-ups in an RCT setting. 

Findings in relation to our second objective on sleep quality are clearer. 

Previous reviews have had similar findings on the effects of MBI on sleep in a 

broader age category not limited to older adults (Gong et al., 2016; Y. Y. Wang et 

al., 2020), while an RCT on older adults (that included cognitively impaired older 

adults) also found MBI to have a positive and significant effect on sleep (Zhang et 

al., 2015). Although these studies (Gong et al., 2016; Y.Y Wang et al., 2020; Zhang 

et al., 2015) focused on a sleep disorder – insomnia – the PSQI was the scale used to 

measure severity of insomnia symptoms. Our results provide further evidence that 

MBI is effective for improving subjective sleep quality as measured by PSQI in 

older, cognitively healthy adults without sleep disorder. Contrastingly, prior research 

on MBI and objective sleep measures like actigraphy have found no effect of MBI 

on objective sleep quality (Kanen et al., 2015). This is perhaps an indication that 

MBI improves specific aspects of sleep quality, like sleep latency, which may not 

necessarily improve overall objective sleep quality, but would aid the individual in 

falling asleep efficiently. There is evidence of a significant association between 

subjective sleep latency and objective (polysomnographic) sleep latency in 

cognitively healthy older adults (O'Donnell et al., 2009). However, other work has 

indicated that subjective sleep measures should not be used as a substitute for 

objective measures of sleep quality in older adults, although this is specifically in 

relation to actigraphy (Landry et al., 2015). MBI’s relationship with sub-scales on 

the PSQI (such as sleep latency) warrants closer scrutiny, especially given that 

previous findings show the PSQI sub-domain of sleep latency is significantly 
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correlated with objective polysomnographic measures of sleep latency (O’Donnell et 

al., 2009). 

MAT posits that both awareness/attention monitoring and acceptance are the 

essential mechanisms of mindfulness practice having a beneficial effect on health 

outcomes (Lindsay & Creswell, 2017). By modifying how one reacts to experience 

(acceptance of what is being monitored in the present), stress and emotional 

reactivity can be reduced. A reduction in stress and emotional reactivity before 

attempting to initiate sleep could improve sleep latency, and partially explain the 

significant effect of MBI on sleep quality. Lau and colleagues’ (2018) findings 

support the notion that improvements in both mechanistic elements of MAT are 

necessary for improved sleep, suggesting they may facilitate disengagement from 

maladaptive thinking and reduce stress and arousal. Our findings support this 

interpretation in cognitively healthy older adults. By implementing MBIs that teach 

attention monitoring and acceptance, sleep quality may be improved through a 

reduction in stress and emotional reactivity, which is conducive to sleep initiation 

and maintenance.  

 

2.9.1 Limitations 

A number of limiting issues were encountered during the undertaking of this 

systematic review. Cognitive domain definitions differed across the included studies. 

While many were similar and in agreement over what certain neuropsychological 

tests measured, some definitions varied, for example, Bubb (2014) defined the Trail-

Making test as a measure of attention, while Mallya and Fiocco (2016) and 

Moynihan et al. (2013) stated attention was but one domain being measured within 

the test, and that the Trail-Making test was measuring executive function. If there 
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was broader agreement on domains and their measurement tools, more meaningful 

meta-analyses could be conducted in future. In the current review, imputing 

standardised scores for the purpose of pooled meta-analyses should have mitigated 

this limitation to an extent. However, having less imputations to do with more 

congruent data would result in less risk of error occurring, and lead to more 

streamlined pooled analysis.  

It proved difficult to obtain access to full datasets for the final studies 

included in the review, which limited the power of the meta-analyses that could be 

conducted. Even access to certain elements of study datasets, like standard deviation 

mean difference scores, would have greatly benefitted this review and meta-analysis, 

but most authors could not be contacted. This problem seems a reoccurring one in 

scientific research in general, as outlined in research conducted by Wilkinson et al. 

(2016) and more recently by Gabelica et al. (2022). Gabelica and colleagues (2022) 

requested access to data from 1792 studies; 93% of contacted authors did not 

respond or declined to share their data, showing the pervasiveness of this problem.  

Risk of bias was a limitation of this review, and a concern that should be 

addressed in future trials in this field of study. One study’s risk of bias assessment 

produced a “high concern” of bias rating (Bubb, 2014), while all other included 

studies were classified as having “some concerns”. The majority of concerns that 

drove these results fell under “bias in measurement of the outcome” and “bias due to 

deviations from the intended intervention”. No study scored “low risk” in every 

domain of risk of bias assessment, although Black et al.’s (2015) study and 

Moynihan et al.’s (2013) only scored “some concerns” in one domain and low on 

everything else, which the RoB 2 tool still interpreted as “some concerns”. The 

overall risk of bias assessment indicated there were “some concerns” with a small 
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amount of “high risk”, which is visualised in the Risk of Bias table (Figure 2.2). 

Future RCTs could also benefit from addressing the somewhat concerning risk of 

bias present in the studies included in this review by using more rigorous 

randomization protocols and reporting all outcome data, or making all data 

accessible through an open-data repository. Such access is imperative for future 

reviews and meta-analyses. 

Finally, no two studies in the review used the same type of control condition. 

A strength would be that the majority of controls were active controls, while one was 

waitlist. Active controls still varied though, including cognitive fitness training, 

reading and relaxation, psychoeducation, Mind Aerobics, and for sleep outcomes, 

Sleep Hygiene Education, waitlist, and cognitive fitness training. Ideally, control 

groups would be very similar or the same, and in the context of mindfulness 

research, would focus on improving cognition/sleep with no element of mindfulness 

in the condition.  

 

2.9.2 Conclusions & Future Directions 

The current study found no significant effect of MBI on healthy older adults’ 

cognitive function, but did find evidence of MBI having a significant, large effect on 

sleep quality in this population. Analysis of three pooled studies, however, is 

insufficient to ascertain certainty in terms of MBI effect on cognitive function or 

sleep quality. Future studies should strive to achieve rigorous design with multiple 

follow-ups, have large samples, and use a standardised MBI, which would allow for 

future systematic reviews and meta-analyses to conduct more powerful and 

meaningful analysis. This is in agreement with other recent reviews in the area that 

concluded the methodological quality of future studies needs to improve (Han, 2022; 
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Sanchez-Lara et al., 2022). Preferably, future studies would also integrate both 

imaging and neuropsychological measures, especially in cognitively healthy older 

adult samples where cognitive change might be more difficult to detect.  

To the best of our knowledge, there is a major dearth of research 

investigating mindfulness, cognitive function, and sleep quality in samples of older 

adults without cognitive impairment. Extant systematic reviews have not attempted 

to review or meta-analyse data from studies that investigated the relationships 

between mindfulness, sleep, and cognitive function in older adults. Although we 

could not address this objective of ours, as no such studies were found in our 

comprehensive search, having it as an objective still highlighted this gap in the 

literature, something which past reviews failed to do. As sleep quality deteriorates 

with age and is important for brain health and cognitive function in ageing (Scullin 

& Bliwise, 2015), and our results suggest MBI is effective for improving sleep 

quality, it is suggested that future research on healthy older adults utilise sleep 

quality measures when investigating the relationship between MBI and cognitive 

function in ageing. Sleep disturbances, including problems initiating sleep (sleep 

latency), are some of the earliest preclinical symptoms of dementia and may begin 

decades before there is noticeable cognitive decline (Cipriani et al., 2015 in Schaie, 

2021, p. 107). In relation to this, and as suggested by Branger et al. (2016), sleep 

quality measures could be useful for screening older adults who may be at higher 

risk of future cognitive decline despite presenting as cognitively healthy. Low scores 

on the PSQI can be indicative of future cognitive decline risk (Potvin et al., 2012) 

and could therefore potentially detect risk that would not be detectable on cognitive 

screening tests carried out with cognitively unimpaired individuals. Likewise, 

scoring poorly on a subjective cognition measure might be an option for screening 
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healthy older adults for higher risk of cognitive impairment (van Harten et al., 2018). 

Those who have poor sleep quality as well as SCD, even if objectively cognitively 

healthy, are at higher risk of developing pathological cognitive decline (Tsapanou et 

al., 2019; Xu et al., 2020), and therefore could potentially benefit greatly from 

intervention. In the context of profiles that could benefit most from intervention, 

future work should also consider factors specific to women such as menopause and 

vasomotor symptoms, given their associations with changes in cognitive function 

and sleep (Gava et al., 2019), as well as evidence that MBI may improve vasomotor 

symptoms (Chen et al., 2021) and sleep (Darehzereshki et al., 2022) in menopause. 

Studies conducted over a longer time period investigating the relationships between 

mindfulness, sleep, and cognitive function, preferably including menopause-related 

factors, are desirable and necessary to ascertain if MBI could influence cognitive 

trajectory by improving sleep outcomes.  

A final point of discussion to be made with regard to the age-related increase 

of cognitive decline risk is that learning or practicing mindfulness through 

meditation may actually become more difficult the older one gets; many aspects of 

attentional ability deteriorate with age (Glisky, 2007; Reuter et al., 2019; Vallesi et 

al., 2021), and a large part of mindfulness practice involves exercising the ability to 

attend to a chosen stimulus in the present moment. Although not discounting the 

potential of MBI in cognitively impaired older adults (see Quintana-Hernandez et al. 

(2016) as an example) the current evidence points towards investigating a model 

where increasing mindfulness before stages of cognitive impairment could positively 

influence cognition and cognitive decline risk through changing sleep quality 

outcomes. Thus, it is recommended that future research strive to understand the 

relationship between mindfulness, sleep quality, and cognitive function in 
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cognitively healthy older adults with subjective cognitive issues. It is recommended 

that analysis techniques such as structural equation modelling (SEM) or PROCESS 

mediation (Hayes & Little, 2022) be implemented to ascertain the mediating role of 

sleep quality in this context. These types of analysis are powerful tools for 

understanding effects of mediating and latent variables and have the ability to handle 

missing data and account for bias (SEM). Other work has called for future research 

to strive to understand the mechanisms underlying the effect of mindfulness on 

cognitive function (Reynolds et al., 2021; Whitfield, Barnhofer, Acabchuk, et al., 

2022), and SEM or mediation are ideal analysis methods to achieve this goal.  
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Chapter 3:  

Trait Mindfulness, Mindfulness-Based Intervention, and Subjective Cognitive 

Function and Sleep Quality in Older Adults with Subjective Cognitive Decline 

 

3.1 Introduction 

Up to 45% of dementia risk is attributable to modifiable lifestyle factors, 

underscoring the importance of early identification of at-risk individuals so that 

appropriate interventions can be implemented (Livingston et al., 2024). Recall that 

subjective cognitive decline (SCD) has arisen as a potential early indicator of 

dementia risk (see Ch1, 1.1), with SCD more likely to be impacted by lifestyle 

modifications or intervention than later stages of cognitive decline (Espinoza Jeraldo 

et al., 2024; Munro et al., 2023). SCD is broadly defined as self-reported persistent 

worsening of subjective cognitive function (SCF) despite normative scores on 

objective cognitive tests (Jessen et al., 2020). Ambiguities in its conceptualisation 

arise mainly from heterogenous SCF measures (Munro et al., 2023; Rabin et al., 

2015), as well as from what is considered “normal” objective cognitive function, as 

those with SCD often show subtle objective cognitive decrements (within normal 

ranges) compared to controls (Li et al., 2023; López-Higes et al., 2024; Pavel et al., 

2022). So, objective measures may be useful in identifying this cognitively healthy – 

yet at-risk – group (Pavel et al., 2022). Yet, neuroimaging evidence indicates that 

SCF measures may be more sensitive to underlying cognitive change than objective 

measures – there are significant correlations between subjective cognitive outcomes 

and incipient neuropathological decline, not found with objective cognitive outcomes 

(Sharma et al., 2021; Stewart, 2012). These challenges in defining and measuring 

SCD are responded to differently across studies, which is likely to produce 
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heterogeneous SCD groups across studies, in turn complicating estimates of SCD 

prevalence and the subsequent risk of progression to MCI or dementia (Si et al., 

2020). 

Based on the current (likely problematic) findings, SCD prevalence increases 

with age and is associated with progression to MCI and later dementia (Slot et al., 

2019). SCD is prevalent in approximately 25% of older adults (> 60 years) (Röhr et 

al., 2020), with rates rising to 25–50% in those over 65 and up to 88% in those over 

85 years (Reisberg et al., 2008; Reisberg et al., 2010; Si et al., 2020). Across four 

longitudinal studies and reviews, about 10-25% of individuals with SCD progressed 

to MCI and 10% progressed to dementia (mainly AD) over 2-5 years, with SCD 

conferring just over double the risk of dementia progression compared to those 

without SCD, indicating that SCD marks a meaningful elevation in risk (Mitchell et 

al., 2014; Slot et al., 2019; Wallin et al., 2016; Wolfsgruber et al., 2017). Variation in 

reported risk of progression from SCD to dementia across studies is apparent here, 

which may be due to the aforementioned methodological and conceptual 

heterogeneity in SCD literature (Jessen et al., 2020; Luck et al., 2015; Roehr et al., 

2016; Waldorff et al., 2012), as well as overlapping influences of psychological 

wellbeing and personality traits in SCD (Pavel et al., 2022; Aschwanden et al., 

2022). Trait mindfulness is a factor that may also have direct and indirect influences 

on SCD severity and its observed comorbidities (MacAulay et al., 2022). 

 

3.2 Mindfulness and Subjective Cognitive Decline 

Mindfulness has emerged as a promising protective factor against age-related 

cognitive decline, including SCD (Chételat et al., 2017; Gard, Hölzel, et al., 2014; 

Lutz et al., 2021). Cross-sectional evidence highlights a possible bidirectional 
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relationship, where SCF improvements reinforce aspects of trait mindfulness and 

vice versa (MacAulay et al., 2022). Evidence from MBI trials further supports the 

idea that practicing mindfulness may be beneficial for SCF. A recent meta-analysis 

of 111 randomized-controlled trials (RCTs) showed that MBI had a significant small 

to moderate effect on SCF outcomes (N = 4,278) in children, adolescents, and 

middle-aged adults; although no meta-analysed studies included SCF outcomes in 

older adults with SCD (Zainal & Newman, 2024). Smart and colleagues (2016), in a 

small pilot RCT (n = 38), found significant improvements in SCF at post-

intervention in all participants with SCD (see Ch2, 2.8 and 2.9 for detailed results 

and study evaluation). The measure used for SCF was also an amalgamation of items 

selected from three measures, limiting inferences that can be made to more 

standardised measures of SCF, a pervasive issue in SCD literature highlighted by 

Jessen et al. (2020). One mixed-methods study focused on subjective memory 

function – another example of measurement heterogeneity – and showed feasibility 

and acceptability of standardised 8-week MBI (MBSR) for SCD. It further showed 

qualitative benefits (e.g., increased acceptance of cognitive concerns) and modest 

psychological improvements (depression, anxiety, quality of life) post-MBI, but 

uncontrolled design, lack of control group, and small sample are notable limitations. 

There were no quantitative post-intervention changes in their subjective cognitive 

measure, contrary to Smart and colleagues’ (2016) more rigorous findings. 

Trait mindfulness and MBI (see Ch1, 1.3.1 and 1.3.2 for distinction), may 

improve aforementioned outcomes in individuals with SCD through interconnected 

neurobiological and psychological pathways (Lutz et al., 2021; Smart et al., 2016; 

Strikwerda-Brown et al., 2021). Findings from various neuroimaging studies support 

the idea that mindfulness may preserve brain function, and thus cognitive function, 
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for those with SCD. Trait mindfulness and MBI are associated with preserved grey 

matter density in attention-related brain regions and enhanced connectivity of the 

default mode network (DMN) (Bremer et al., 2022; Hasenkamp & Barsalou, 2012). 

DMN brain regions are vulnerable to AD-related pathology in SCD (Amariglio et al., 

2018; Wang et al., 2013), especially among participants with SCD and elevated 

worry (Verfaillie et al., 2019), which MBI may target specifically (Franco et al., 

2017; Lenze et al., 2014). The potential neuroprotective effects of trait mindfulness 

and MBI may counteract structural and functional declines driven by increased 

amyloid deposition and cortical thinning, which are hallmark characteristics of AD 

pathology (Buckner et al., 2005; Ossenkoppele et al., 2015), and are more 

pronounced in SCD vs non-SCD individuals (Lim et al., 2019). Furthermore, MBI 

may be beneficial for persons with SCD through reducing cognitive decline 

accelerated by stress, i.e., the stress-buffering model (MacAulay et al., 2023; 

Yegorov et al., 2020), by improving emotional regulation (Kabat-Zinn, 2013; 

Prakash et al., 2015; Sharma & Rush, 2014), by reducing inflammatory markers 

associated with faster cognitive ageing (Cahn et al., 2017; Creswell et al., 2012), by 

regulating cortisol responses, and by reducing worry, anxiety, and depression 

(Wetherell et al., 2017). In addition, promoting non-judgmental awareness (a facet of 

trait mindfulness) through MBI improves cognitive reappraisal (i.e., mindfulness-to-

meaning theory), mitigating negative interpretations of age-related cognitive changes 

that often exacerbate SCD (Cappa et al., 2024; Garland et al., 2015; Garland et al., 

2017). 

Overall, investigations into trait mindfulness and SCF in healthy older adults 

at-risk of dementia suggest there is a link, and MBI has been found feasible and 

particularly suitable for older adults with SCD in limited research. Examining 
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mechanisms through which mindfulness may affect SCF is also important – one 

potential mechanism lacking investigation in the context of mindfulness and 

subjective cognitive outcomes is sleep quality. In our systematic review and meta-

analysis in Ch2, we found that MBI positively impacted sleep quality in healthy 

older adults (Lannon-Boran et al., 2023), while extant evidence also suggests a 

relationship between sleep quality and SCF in healthy older adults with SCD 

(Siddarth et al., 2021; Sun et al., 2024). 

 

3.3 Mindfulness, Sleep Quality, & Subjective Cognitive Function 

 Mindfulness can improve sleep quality in older adults without cognitive 

impairment (Lannon-Boran et al., 2023; Morone et al., 2008; Weber et al., 2020). In 

RCTs (demonstrated in Ch2 meta-analysis) MBI appears effective for improving 

subjective sleep quality in older cognitively unimpaired adults without sleep 

disorders (Gallegos et al., 2018), even compared to a sleep hygiene intervention 

(Black et al., 2015). In other meta-analysis which included non-standardised MBIs, 

pooled RCTs show that mindfulness exercises improve sleep disorders in older 

adults (He et al., 2019), and mind-body interventions (including MBI) improve sleep 

in older adults with poor baseline sleep quality (Li et al., 2025). Research on the 

impact of mindfulness on sleep quality in older adults has overwhelmingly focused 

on those with poor sleep quality, sleep disturbance, or insomnia (Garland et al., 

2016; Gong et al., 2016; Kanen et al., 2015; Li et al., 2025), as evidenced further by 

the limited amount of RCTs fitting Ch2’s inclusion criteria for systematic review. 

This may be because older adults are more susceptible to sleep disruption (Buysse et 

al., 2005; Kim & Duffy, 2018). Notably, this susceptibility to declining sleep quality 

appears to be stronger in older adults with SCD (Exalto et al., 2022; Kim et al., 
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2021), with sleep quality implicated as a possible risk factor for progression to 

cognitive impairment in those with SCD (Spira et al., 2014; Sun et al., 2024). 

Consequently, it is important to consider if mindfulness effects sleep quality in those 

with SCD. 

Increased trait mindfulness might contribute to improved sleep in SCD 

through targeting a combination of cognitive and behavioural processes that tend to 

occur sequentially and exacerbate sleep issues (Shallcross et al., 2019), as discussed 

in Ch1 (section 1.5). Furthermore, the physiological effects of mindfulness on body 

relaxation and cortisol regulation (Wetherell et al., 2017) are important in the context 

of improving sleep (Pulopulos et al., 2020). Neurophysiologically, 

electroencephalography (EEG) studies show that global brain activity regulates to 

levels similar to those of light sleep (slow frequency theta waves) when a 

mindfulness state is reached (Aftanas & Golocheikine, 2002; Kubota et al., 2001; 

Tang et al., 2019), which could explain why mindfulness appears to improve sleep 

quality in older adults.  

As sleep quality is related to key brain health markers (Branger et al., 2016), 

the positive relationship between mindfulness and sleep in older adults may also 

have broader neurological implications. Neuroimaging evidence shows that poor 

regulatory ability of DMN activity (i.e., regulating activity in this network between 

high and low activity) is associated with rumination, anxiety, and sleep disturbances 

(Marques et al., 2018; Regen et al., 2016). DMN regulation may be improved by 

mindfulness (Rahrig et al., 2022) and promote better sleep – for example, Killgore 

and colleagues (2023) suggest that suppressing DMN activity prior to sleep may 

improve sleep quality. Improved sleep from better DMN function may reduce 

accumulation of AD-related brain pathology (McCall & Watson, 2021), as discussed 
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in detail in Ch1 (section 1.5). Given that SCD prevalence and symptom severity (as 

measured by SCF) is associated with sleep quality (Exalto et al., 2022; Lee et al., 

2020; Leng et al., 2020), as well as with increased burden of AD-related brain 

pathology and DMN atrophy (Amariglio et al., 2018; Amariglio et al., 2015; Wang et 

al., 2013), investigating mindfulness as a method of improving sleep and subsequent 

SCF severity is warranted. 

Sleep quality and SCF are associated (Exalto et al., 2022; Tsapanou et al., 

2019; Jessen et al., 2020; Siddarth et al., 2021; Kang et al., 2017; Sun et al., 2024). 

Sleep quality declines with ageing in general, and for a portion of older adults, that 

may cause, contribute to, or exacerbate severity of poor SCF in SCD (Exalto et al., 

2022; Jessen et al., 2020). Compared to non-SCD controls, older adults with SCD 

are shown to have worse subjective sleep quality and report lower quality of life 

(Leng et al., 2020). When comparing objective and subjective sleep quality in SCD, 

subjective sleep is significantly correlated with SCF scores while objective is not 

(Jiang et al., 2022), yet subjective sleep (e.g., PSQI) has still been demonstrated as a 

robust predictor of accelerated objective cognitive decline trajectories in adults over 

65 with SCD (Huang et al., 2025). There appears to be a gap in the literature in terms 

of assessing sleep as a possible mediator between mindfulness and SCF – it remains 

unclear whether sleep mediates the relationship between MBI and subjective 

cognitive functioning. 

 

3.4 The Current Study 

This study aims to advance past findings by analysing RCT data on trait 

mindfulness, MBI, SCF, and sleep quality from the SCD-Well clinical trial 

(Marchant et al., 2018). The objectives and hypotheses are as follows. Objective 1 is 
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to investigate if there is an association between trait mindfulness and SCF at 

baseline. We hypothesise that trait mindfulness will be associated with SCF 

controlling for age, education, sex, objective cognitive function, and data collection 

site. Objective 2 is to investigate if there are changes in SCF scores over time 

(baseline, 8-week post-intervention, and 24-week follow-up) for both groups (MBI 

vs psychoeducation) and if are there differences between the MBI vs 

psychoeducation groups in SCF outcome scores. We hypothesise that positive 

changes will occur in SCF over time, and that the MBI group will outperform the 

psychoeducation control group. Objective 3 is to investigate if the effect of trait 

mindfulness (measured by the Five Facet Mindfulness Questionnaire; FFMQ) (Baer 

et al., 2006) on SCF is mediated by changes in sleep quality. We hypothesise that 

there will be an indirect effect of intervention on follow-up SCF scores through post-

intervention sleep quality scores. 

 

3.5 Methods 

 

Design 

This study is a secondary analysis of data from the SCD-Well study 

(Marchant et al., 2018) from the larger Medit-Ageing project. SCD-Well was an 

observer blinded randomized controlled trial (registered on ClinicalTrials.gov, 

NCT03005652) with data collected from four centres across Europe: Barcelona, 

Cologne, London, and Lyon, at three timepoints; baseline, post-intervention (week 

8), and 6-month follow-up (24 weeks). SCD-Well was sponsored by the French 

National Institute of Health and Medical Research (INSERM). Ethical approval and 

regulatory authorizations were obtained at each centre, and written informed consent 
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was obtained from all participants. The complete details of the study’s eligibility 

criteria, conditions, and measures are available in the primary outcome report, which 

focuses on trait anxiety (Marchant et al., 2021). The experimental condition was a 

tailored mindfulness-based intervention (MBI) based on Mindfulness-Based Stress 

Reduction (MBSR) (Caring Mindfulness-based Approach for Seniors), and the 

control condition a health self-management education program. 

 

Participants 

Participants were recruited from March 2017 through January 2018 by 

research teams on the Medit-Ageing project from memory clinics at the 4 European 

sites where the trial assessments and intervention delivery of took place. Participants 

were either referred to a memory clinic by a physician or were self-referrals. For 

inclusion, participants had to meet requirements specified by Marchant et al. (2021), 

which included criteria for subjective cognitive decline (SCD) (Ball et al., 2020), 

specifically, self-perceived cognitive decline and normal performance on 

standardised cognitive tests used to screen for mild cognitive impairment (MCI) 

and/or dementia. Participants were excluded if they had a current clinical diagnosis 

of MCI or dementia, anxiety, depression, or other psychiatric disorder. The minimum 

age for inclusion was 60 years. The final sample consisted of 147 older adults with 

SCD (mean age 72.7 ± 6.9 years; 65% female). 

 

Procedure 

Due to the group-based nature of the interventions, participants were 

originally recruited in two waves at each site. Recruitment was undertaken from 

March 23rd 2017 to January 25th 2018 and data collection was completed by 
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September 18th 2018. Participants fulfilling the eligibility criteria attended a baseline 

visit (week 0) for cognitive and behavioural assessments and were then randomized 

with a 1:1 allocation using permuted block sizes of 4 and 6, and were also stratified 

by site. Participants met their intervention facilitator at a pre-class meeting, during 

which they were allocated to their trial arm. The assessments were repeated at both 

post-intervention (week 8) and 6-month (week 24) follow-up. The size of each 

intervention group ranged from 7 to 13 participants. See Marchant et al. (2021) for 

full protocol details. 

 

Intervention 

Caring Mindfulness‑based Approach for Seniors (CMBAS) 

The CMBAS intervention closely followed the procedure of MBSR, 

consisting of a pre-class interview, eight weekly group-based in-person sessions of 2 

hours, and a half-day of meditation practice in the sixth week of the program to help 

consolidate learning. In addition to standard MBI practices (Crane et al., 2017), there 

was an emphasis on compassion-based meditation practices focusing on cultivating 

wholesome attitudes toward oneself and others. Additional modifications included 

psychoeducation designed to help participants with SCD deal more adaptively with 

cognitive concerns and a tendency to worry, building on earlier work by Zellner 

Keller et al. (2014). Participants were asked to engage in home practice for 

approximately 1 hour per day 6 days per week and to record whether they engaged in 

these practices in a diary. Home practice consisted of formal practices (e.g., 

following guided meditation audio recordings), as well as informal practices 

designed to help participants apply mindfulness skills to their daily lives (e.g., 

mindful eating – bringing awareness to the taste, smell, and texture of a meal). 
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Active Control 

Health Self‑Management Program (HSMP) 

The HSMP followed the same format and structure as CMBAS and was 

matched in administration, dosage, and duration (including a half-day review with a 

healthy lunch and a discussion in the sixth week of the program). The intervention 

was based on a manual for living with chronic health conditions (Lorig et al., 2013); 

the manual was available in English, French, Spanish, and German. A previous RCT 

of an MBI which included older adults with neurocognitive difficulties adapted the 

manual to be delivered as a group psychoeducation intervention (Wetherell et al., 

2017); the adapted program was used to equalize treatment expectancy between arms 

and control for the “non-specific” components of the MBI (e.g., social interaction, 

input from a professional facilitator and light physical activity). In the current trial, 

the topics taught in the HSMP included self-management, problem-solving, sleep, 

stress, exercise, managing medicines, communicating with family and healthcare 

professionals, eating, weight management, and planning for the future. To promote 

engagement, participants were asked to plan, undertake, and report back on weekly 

“action plans.” Implementation of action plans was recorded by participants in a 

diary. 

 

Outcome Measures 

Five Facet Mindfulness Questionnaire (FFMQ)  

The FFMQ (Baer et al., 2006) is a 39-item self-report measure designed to 

assess trait mindfulness across five theoretically derived facets: Observing (noticing 

sensory stimuli), Describing (labeling experiences verbally), Acting with Awareness 
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(attending to present actions), Non-judging of Inner Experience (accepting 

thoughts/emotions without criticism), and Non-reactivity to Inner Experience 

(allowing thoughts/feelings to arise without fixation). The FFMQ and its five 

components were developed through factor analysis of existing mindfulness scales 

(Mindful Attention Awareness Scale, Freiburg Mindfulness Inventory, Kentucky 

Inventory of Mindfulness Skills, Cognitive and Affective Mindfulness Scale 

Revised, and the Southampton Mindfulness Questionnaire) and it is considered the 

most comprehensive mindfulness measure (Sauer et al., 2013). 

Participants rate items on a 5-point Likert scale (1 = Never or very rarely true 

to 5 = Very often or always true). Subscale scores are computed by summing 

responses for each facet, with higher scores reflecting greater mindfulness. Some 

items are reverse scored (R). The Observing subscale comprises eight items (e.g., “I 

pay attention to sensations, such as the wind in my hair or sunlight on my face”, 

items 1, 6, 11, 15, 20, 26, 31, 36), Describing includes eight items (e.g., “I can easily 

put my beliefs, opinions, and expectations into words”), three of which are reverse-

scored (2, 7, 12R, 16R, 22R, 27, 32, 37), Acting with Awareness contains eight 

reverse-scored items (e.g., “I rush through activities without being really attentive to 

them”, items 5R, 8R, 13R, 18R, 23R, 28R, 34R, 38R), Non-judging consists of eight 

reverse-scored items (e.g., “I tell myself I shouldn’t be feeling the way I’m feeling”, 

items 3R, 10R, 14R, 17R, 25R, 30R, 35R, 39R), and Non-reactivity includes seven 

items (e.g., “I watch my feelings without getting lost in them”, items 4, 9, 19, 21, 24, 

29, 33).  

Psychometric examinations indicate strong internal consistency across 

different populations from different countries (Cronbach’s α = 0.67–0.93 across 

subscales) (Park et al., 2013). Confirmatory factor analyses support the five-factor 
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structure (Baer et al., 2008). The FFMQ demonstrates convergent validity with 

measures of psychological well-being (e.g., negative correlations with depression [r 

= −0.35] and anxiety [r = −0.30]) and discriminant validity against unrelated 

constructs (e.g., personality traits) (Baer et al., 2008). Sensitivity to MBI (e.g., 

MBSR, MBCT) has been established, with medium-to-large effect sizes (d = 0.47–

0.91) reported in intervention studies (Carmody & Baer, 2008). For the current 

analysis, internal consistency analysis showed Cronbach’s α = .65 for the FFMQ. 

McNair Cognitive Difficulties Scale (CDS) 

The CDS (McNair & Kahn, 1983) is a 39-item scale utilized for assessing 

subjective cognitive function (SCF) in research and clinical settings which has been 

shown to predict cognitive decline in older adults, and is particularly useful in 

studies exploring metacognition or age-related cognitive changes (Gass et al., 2021). 

It effectively differentiates SCF profiles in MCI and AD cohorts, though self-report 

sensitivity declines with advancing impairment, so it is more accurate in less 

impaired cohorts (Buelow et al., 2014). Participants rate items on a 5-point Likert 

scale (0 = never to 4 = very often), with higher total scores (range 0–156) indicating 

greater perceived cognitive impairment. The CDS assesses SCF across six domains: 

attention/concentration (e.g., “I find it hard to keep my mind on a task”), praxis (e.g., 

“I have trouble using tools for minor repairs”), prospective memory (e.g., “I forget 

appointments”), speech problems (e.g., “I have trouble thinking of object names”), 

memory for names (e.g., “I forget names of people I know well”), and temporal 

orientation (e.g., “I forget the date”). No items are reverse scored. The scale 

demonstrates strong internal consistency (Cronbach’s α ranges from 0.72 - 0.94 

across subscales) and principal components analysis found the six-factor structure 

accounts for 64% of variance in clinical samples (Gass et al., 2021). While scores 
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significantly correlate with anxiety, depression, somatic preoccupation, and thought 

disturbance (rs range from 0.3–0.53), they show limited association with objective 

neuropsychological tests (Gass et al., 2021). 

Subscales of the CDS were not available/utilized in our dataset for internal 

consistency checks. Test-retest reliability however was strong; CDS from baseline to 

post-intervention showed r = .82, baseline to follow-up showed r = .79, and post-

intervention to follow-up showed r = .85, all p < .001, which aligns with previous 

reports of an average .77 test-retest reliability (Gass et al., 2021). 

Pittsburgh Sleep Quality Index (PSQI) 

 The PSQI (Buysse et al., 1989) is a 19-item measure for assessing subjective 

sleep quality during the previous month. It has 7 subscales each scored on 0-3 scale, 

which yield a global PSQI score ranging from 0-21. The subscales are subjective 

sleep quality (e.g., “During the past month, how would you rate your sleep quality 

overall?”), sleep latency (e.g., “During the past month, how long (in minutes) has it 

usually take you to fall asleep each night?”), sleep duration (e.g., “During the past 

month, how many hours of actual sleep did you get at night?”), habitual sleep 

efficiency (e.g., “During the past month, when have you usually gone to bed at 

night?”, “During the past month, when have you usually gotten up in the 

morning?”), sleep disturbances (e.g., “During the past month, how often have you 

had trouble sleeping because you…” – nine options given), use of sleeping 

medications (e.g., “During the past month, how often have you taken medicine 

(prescribed or over the counter) to help you sleep?”), and daytime dysfunction (e.g., 

“During the past month, how often have you had trouble staying awake while 

driving, eating meals, or engaging in social activity?”). For full scoring procedure 

see Buysse et al. (1989). Scores greater than five indicate the presence of sleep 
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disturbance and scores greater than or equal to 10 may be indicate insomnia. Internal 

consistency in Buysse et al. (1989)’s paper was reported as Cronbach’s α = .83). 

Cronbach α in the current study was .75. 

 

Covariates 

Demographics 

 For the variable of age (continuous variable), age at time of consent was used 

to compute mean age at baseline. Sex was a binary variable based on biological sex. 

The education variable corresponded to years spent in primary, secondary, and 

postsecondary education. Data collection site was a nominal categorical variable 

with 4 categories (London, Cologne, Barcelona, Lyon) and each site was recoded to 

separate dummy variables (binary, 0 and 1) for regression analyses with the first site 

acting as reference site (0). 

Mattis Dementia Rating Scale (MDRS) 

 Objective global cognition was controlled for with MDRS (Mattis, 1988) 

scores. The MDRS is a 36-item battery with total scores ranging from 0-144, and 

five subscales: Attention, Initiation/Perseveration, Construction, Conceptualization, 

and Memory. For Attention, participants are asked to recite strings of digits forward 

and to identify a target letter within in a fast reading sequence. 

Initiation/Perseveration tasks included generating shopping items in 60 seconds and 

alternating hand movement sequences (fist, edge, palm) on command. Construction 

is assessed by copying intersecting pentagons and assembling match-stick designs. 

Conceptualization items involves determining how pictured objects are alike (e.g., 

“How are a banana and an orange alike?”) and sorting cards by category. Memory is 

measured with immediate recall of a 10-word list and delayed free recall after a 15-
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min filled interval. Higher scores indicate better performance on the MDRS. The 

MDRS has demonstrated good internal consistency (Cronbach α ≈ .8) (Pedraza et al., 

2010) and previously to that, strong split half reliability (r = .9) (Gardner et al., 

1981). We could not assess the measure’s internal consistency in the current study as 

we did not have access to MDRS subscale scores. 

 

Statistical Analyses 

In the original SCD-Well study, sample size estimates resulted in a minimum 

recommended sample of 128 participants, based on an expected effect size (d = .5) of 

80% power and a two-sided type 1 error of 5% for the mean change across anxiety 

outcomes (Marchant et al., 2018). The final sample size exceeded this (N = 147). 

Data analyses were performed in SPSS 29. Missing data were assumed 

missing at random, consistent with the primary analysis (Marchant et al., 2021), and 

were handled using the Expectation-Maximization (EM) procedure in SPSS. EM 

was used to estimate values for participants with incomplete data at baseline, post-

intervention, and follow-up, with n = 19 participants missing data at two or less 

timepoints.  

Descriptive statistics were conducted for the sample’s demographic and 

baseline characteristics. Hierarchical multiple regression analysis was used to 

address the first research objective. The criterion variable was SCF (scores on the 

CDS). The main predictor variable was trait mindfulness (FFMQ), entered in block 

two, while age, education, sex, objective cognitive function, and Data Collection Site 

were included as predictors to control for in block one – as well as to assess their 

contribution to explaining the variance in the outcome. Data Collection Site was 

controlled for through the inclusion of three dummy variables in the regression 
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model. This involved recoding the Data Collection Site variable into three separate 

variables for Lyon, Cologne, and Barcelona, while London acted as the referent. 

Standardised coefficients (Beta) and partial correlation coefficients were examined to 

interpret strength and direction of associations between predictors, the outcome of 

interest, and unique contribution to the regression model. Normality, 

multicollinearity, and homoscedasticity were checked through VIF and tolerance 

scores and normality plots to ensure assumptions of multiple regression were not 

violated.  

To address Objective Two, a mixed between-within repeated measures 

ANOVA was conducted. The between-subjects variable was intervention which had 

two groups: MBI (CMBAS) and health psychoeducation (HSMP). The three 

measurement points served as the within-subjects variable (time) and the dependent 

variable was SCF (CDS). Homogeneity of intercorrelations and variance were 

checked using Box’s M statistic and Levene’s test for equality of variances, and 

sphericity checked with Mauchly’s Test of Sphericity. Alpha was set at < 0.05 for all 

analyses. 

To address Objective Three, a single-mediator mediation analysis was 

conducted using PROCESS v4.2 in IBM SPSS 29 (Hayes & Little, 2022). 

PROCESS is a regression-based mediation framework allowing researchers to test 

for different effect modifiers within SPSS software. To check assumptions, Q-Q 

plots (normality), scatterplot of outcome residuals against predictor 

(heteroscedasticity), and a correlation matrix (multicollinearity) were generated. 

Model 4 was selected to test the indirect effect of intervention group on SCF through 

sleep quality. The independent variable (X) was Intervention (0 = psychoeducation 

control, 1 = MBI), the mediator (M) was sleep quality (measured by PSQI) at post-
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intervention (8-weeks), and the outcome (Y) was SCF (measured by CDS) at follow-

up (24-weeks). As per standard guidance on mediation analysis (MacKinnon et al., 

2007) the X→M path is termed the a path and M→Y termed the b path. The c’ path 

refers to the direct effect of X→Y. We calculated the indirect effect by multiplying 

the coefficients of paths a and b. Also calculated in Model 4 is the total effect, c, the 

sum of the direct and indirect effects, (a * b) + c’. Bootstrapping was used to 

repeatedly draw random samples from the data to estimate indirect effects and 

confidence intervals, and was set to 5,000 resamples. Covariates of age, sex, 

education, baseline SCF, baseline trait mindfulness, and baseline objective cognitive 

function were included, as well as three dummy variables for Data Collections Sites 

(Lyon, Cologne, Barcelona, London labelled as referent). See Figure 3.1 for diagram 

of proposed mediation model. Alpha was set at < 0.05 for all analyses. Mediation 

significance was determined by indirect effect confidence intervals including or 

excluding zero (exclusion indicates significance). 
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Figure 3.1 

Mediation Model with paths a, b, and c’, and covariates 

 

Note. Intervention = independent variable (X); PSQI1 = mediator (M) Pittsburgh 

Sleep Quality Index post-intervention; CDS2 = outcome (Y) McNair Cognitive 

Difficulties Scale follow-up; a = X→M; b = M→Y; c′ = X→Y. Covariates: MDRS0 

= Mattis Dementia Rating Scale baseline; FFMQ0 = Five Facet Mindfulness 

Questionnaire baseline; CDS0 = McNair Cognitive Difficulties Scale baseline. 

 

3.6 Results 

 

Descriptives 

 Data collection took place between January 25th - September 18th, 2018. 

Participants with SCD (mean age 72.7 ± 6.9 years; 65% female; see Table 3.1) were 

randomized into the two groups. See Marchant et al. (2021) for the participant 
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CONSORT flow diagram outlining the participant recruitment procedure. As would 

be expected, the intervention groups (CMBAS and HSMP) were not significantly 

different on demographic characteristics or baseline outcome measures. The mean 

sessions attended by participants was similar in both intervention groups (CMBAS = 

6.7 [SD 2.8], HSMP = 6.8 [SD 2.7], out of a possible 9), while the percentage of 

participants who attended at least four sessions – the minimum requirement for 

intervention analysis – was 85% (CMBAS = 82%; HSMP = 87%). There were no 

significant group differences between continued practice rates at follow-up (CMBAS 

= 59%, HSMP = 54%, p = .6). No significant group differences were reported on 

credibility (CMBAS = 5.9 [SD 2.2] vs HSMP = 5.3 [SD 1.9]) or expectancy ratings 

(CMBAS = 4.5 [SD 1.9] vs. HSMP = 4.1 [SD 1.8]). The SCF outcome (CDS) at 

baseline was distributed normally (see Figure in Appendix D).  

Table 3.1  

Descriptive Statistics 

Variable Total sample 

(n=147) 

CMBAS 

(n=73) 

HSMP 

(n=74) 

Sex 

      Female 

 

 

95 (65%) 

 

47 (64%) 

 

48 (65%) 

Age (years) 72.7±6.9 72.1±7.6 73.3±6.2 

Education (years) 13.6±3.6 13.8±3.8 13.4±3.4 

Ethnicity 

       White 

 

 

142 (97%) 

 

69 (94%) 

 

73 (99%) 

Data Collection Site 

        London 

        Lyon 

        Cologne 

        Barcelona 

 

28 (19%) 

40 (27%) 

39 (26%) 

40 (27%) 

 

14 (19%) 

20 (27%) 

19 (26%) 

20 (27%) 

 

14 (19%) 

20 (27%) 

20 (27%) 

20 (27%) 

Note. CMBAS = Caring Mindfulness-Based Approach for Seniors, HSMP = Health 

Self Management Program. Data presented as means with SD (±), or totals with 

percentage (%). 
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Objective 1 

 A hierarchical multiple regression was conducted to assess the association 

between trait mindfulness (FFMQ scores) and SCF (CDS scores) among older adults 

with SCD, while controlling for age, education, sex, and global objective cognitive 

performance (Mattis Dementia Rating Scale; MDRS), and data collection site. 

Collinearity statistics indicated acceptable tolerance (≥ .42) and VIF (≤ 2.39) values. 

In Step 1, control variables were entered, producing a significant model, F(7, 139) = 

3.552, p = .002, explaining 15.2% of CDS variance (adjusted R² = .11). In Step 2, 

trait mindfulness (FFMQ) was added, significantly improving the model fit, R² 

change = .14, F change (1, 138) = 27.24, p < .001. The final model was significant, 

F(8, 138) = 7.10, p < .001, explaining 29.2% of CDS variance (adjusted R² = .25). In 

the final model, trait mindfulness was the strongest predictor (β = -.40, p < .001), 

with higher trait mindfulness associated with better (decreased) CDS scores (B = -

1.14, 95% CI [-1.57, -.71]). Age remained a significant predictor (β = .212, p = .006, 

95% CI [.18, 1.08]). Data collection site significantly influenced outcomes, with all 

three international sites reporting fewer cognitive complaints than the reference site 

(London): Lyon (β = -.38, p < .001; B = -17.57, 95% CI [-27.64, -7.49]), Cologne (β 

= -.27, p = .01; B = -12.364, 95% CI [-21.80, -2.93]), and Barcelona (β = -.247, p = 

.02; B = -11.35, 95% CI [-20.58, -2.13]). Years of education (β = -.13, p = .09; B = -

.74, 95% CI [-1.60, .12]), sex (β = .10, p = .20; B = 4.41, 95% CI [-2.36, 11.20]) and 

global objective cognitive performance (β = .14, p = .11; B = .78, 95% CI [-.18, 

1.74]) were not significant predictors in the final model.  
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Table 3.2 

Hierarchical multiple regression of baseline subjective cognitive function on 

baseline trait mindfulness 

Variable R2 R2 

Change 

B SE β 95% CI 

Lower, 

Upper 

p 

Block 1        

          Model .15      .002* 

          Sex   5.34 3.74 .13 -2.05, 12.73 .16 

          Age   .63 .25 .21 .13, 1.12 .01* 

          Educ (years)   -1.19 .47 -.21 -2.11, -.27 .01* 

          MDRS   .48 .52 .08 -.58, 1.51 .36 

          Lyon site   -14 5.50 -.31 -24.88, -3.11 .01* 

          Cologne site   -12.58 5.20 -.27 -22.89, -2.30 .02* 

          Barcelona site   -9.71 5.08 -.21 -19.75, .33 .06 

Block 2        

          Model .29 .14     <.001* 

          Sex   4.41 3.43 .10 -2.38, 11.20 .20 

          Age   .63 .23 .21 .18, 1.08 .006* 

          Educ (years)   -.74 .44 -.13 -1.60, .13 .09 

          MDRS   .78 .48 .14 -.18, 1.74 .11 

          Lyon site   -17.6 5.10 -.38 -27.64, -7.45 <.001* 

          Cologne site   -12.36 4.77 -.27 -21.80, -2.93 .01* 

          Barcelona site   -11.53 4.67 -.25 -20.58, -2.13 .02* 

          FFMQ   -1.14 .22 -.40 -1.58, -.71 <.001* 
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Note. * indicates significance. FFMQ = Five Facet Mindfulness Questionnaire, 

MDRS = Mattis Dementia Rating Scale, Educ = Education. Lyon, Cologne, 

Barcelona sites are dummy coded with London as reference site. 

Objective 2 

A mixed between-within subjects analysis of variance examined the effects of 

time and intervention arm (MBI vs. psychoeducation) on CDS scores over three 

timepoints. Data Collection Site (London, Lyon, Cologne, Barcelona) was controlled 

for. Mauchly's test indicated no violation of sphericity, χ²(2) = 5.87, p = .08. A 

significant, small-medium main effect of time was found, F (2, 278) = 6.23, p = .002, 

partial eta squared = .04, with pairwise contrasts showing significant differences 

between Time 1 (week 0) vs Time 2 (week 8); (F (1,139) = 13.08, p < .001) but not 

Time 2 vs Time 3 (week 24); (F (1,139) = 3.01, p = .08). As illustrated in Figure 3.2, 

values of CDS were lower at time 2 (week 8) than time 1 (week 0) and remained 

stable at time 3 (week 24). No significant interactions were found between time and 

intervention (F (2, 278) = 0.01, p = .99), time and site (F (6, 278) = 0.73, p = .56), or 

the three-way time×intervention×site interaction (F (6, 278) = 0.78, p = .59). 

Between-subjects effects revealed a significant main effect of site, F (3,139) 

= 3.30, p = .02, partial eta squared = .07, but no significant main effect of 

intervention (F (1,139) = 0.39, p = .53) or intervention×site interaction (F (3,139) = 

2.03, p = .11). London participants consistently had the highest CDS scores across 

timepoints (M = 61.35 at Time 1, 58.79 at Time 2, 60.57 at Time 3), while Cologne 

showed the lowest initial scores (M = 48.29 at Time 1). 
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Figure 3.2  

ANOVA plot 

 

Note. 1 = baseline, 2 = 8-weeks, 3 = 24-weeks. CDS = McNair cognitive difficulties 

scale. Error bars +/- 1 standard error. 

 

Objective 3 

A mediation analysis was conducted with PROCESS Model 4 to investigate 

whether sleep quality at post-intervention (PSQI1) mediated the effect of 

intervention (Int) on SCF at follow-up (CDS2). Q-Q plots of PSQI1 and CDS2, 

scatterplot of residuals, and correlation matrix showed no violation of assumptions 

of linearity, homoscedasticity, and multicollinearity (see Appendix E and F).  

Model 4 (Appendix G) showed the indirect effect’s upper and lower limit 

confidence intervals (ULCI; LLCI) crossed zero; there was no significant 

unstandardised effect of intervention on SCF through sleep quality (ab = -.05, SE = 

.28, LLCI = -.64, ULCI = .55). Both the unstandardised total effect (c = .75, SE = 
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2.09, p = .72) and direct effect (c′ = .80, SE = 2.10, p = .71) of intervention on SCF 

were non-significant.  

In the mediator (PSQI1) model (R = .45, R² = .20, F(10,136) = 3.47, p < 

.001), the a path (Int→PSQI1) was not significant after controlling for covariates (B 

= .45, SE = .55, t = .81, p = .42). Significant covariates in the mediator model 

included age (B = .10, SE = .04, p = .02) and baseline SCF (CDS0; B = .06, SE = 

.02, p < .001), while other covariates were not significant.  

In the outcome (CDS2) model (R = .83, R² = .68, F(11,135) = 26.17, p < 

.001), the b path (PSQI1→CDS2) was not significant (B = -.11, SE = 0.33, t = -.33, p 

= .74). Significant covariates in the outcome model included baseline SCF (CDS0; B 

= .72, SE = .06, p < .001) and baseline trait mindfulness (FFMQ0; B = -.42, SE = 

.17, p = .01), while age trended towards significance (B = .31, SE = .17, p = .06). All 

other covariates were nonsignificant. Results including standardised beta scores (β) 

are presented in Table 3.3 and Figure 3.3. 

Table 3.3 

Mediation results 

Path/Model B β SE/ 

BootSE 

95% 

CI LL 

95% 

CI UL 

t p R² F  

(df1, df2) 

a .45 .13 .55 -.64 1.54  .42   

b -.11 -.02 .33 -.75 .54  .74   

c (total) .75 .04 2.09 -3.39 4.88 .36 .72   

c′ (direct)  .80 .04 2.10 -3.36 4.95 .38 .71   

ab (indirect)  -.05 .00 .28 -.64 .55     

PSQI1 model   10.76    .00* .20 3.47  

(10, 136) 

CDS2 model    156.03    .00* .68 26.17  

(11, 135) 
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Note. PSQI1 = Pittsburgh Sleep Quality Index post-intervention (mediator); CDS2 = 

McNair Cognitive Difficulties Scale follow-up (outcome); Int = Intervention; a path 

= Int → PSQI1; b path = PSQI1 → CDS2; c path (total) = Int → CDS2 excluding 

PSQI1; c’ path (direct) = Int → CDS2 controlling for PSQI1; ab (indirect) = Int → 

PSQI1 → CDS2; * indicates significance. 

Figure 3.3  

Mediation model with standardised coefficients 

 

 

Note. Intervention = independent variable (X); PSQI1 = mediator (M) Pittsburgh 

Sleep Quality Index post-intervention; CDS2 = outcome (Y) McNair Cognitive 

Difficulties Scale follow-up; a = X→M; b = M→Y; c′ = X→Y. Covariates: MDRS0 

= Mattis Dementia Rating Scale baseline; FFMQ0 = Five Facet Mindfulness 

Questionnaire baseline; CDS0 = McNair Cognitive Difficulties Scale baseline.         

* indicates significance. 
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3.7 Discussion 

This secondary analysis of SCD-Well clinical trial data aimed to assess the 

associations between mindfulness (operationalised both as a trait and experimentally 

via the delivery of an intervention) and subjective cognitive function (SCF) among a 

group of older adults with subjective cognitive decline (SCD). The first objective 

was to examine the association between trait mindfulness and SCF controlling for 

covariates. Baseline data showed trait mindfulness was significantly negatively 

associated with SCF (greater mindfulness associated with better SCF), and that it 

was a stronger predictor of SCF than any covariate. For every one-unit increase in 

trait mindfulness, there was a corresponding 1.11 improvement in SCF. Increased 

baseline age was associated with worse sleep quality, but was not related to SCF. 

Data collection site also had an association with SCF as an outcome. Although not 

the focal point of this study, these findings suggest geographical/cultural differences 

may exist in SCD. The second objective was to investigate changes in SCF over 

time, examining within- and between-group differences across baseline, post-

intervention (8-weeks), and follow-up (24-weeks), and between the experimental and 

control groups. Similar improvements occurred in SCF over time in both the 

experimental (mindfulness-based intervention [MBI]) and active control 

(psychoeducation) groups, particularly at post-intervention. Specifically, both groups 

showed a small to medium improvement in SCF scores from baseline to post-

intervention. There was a slight worsening of SCF in both groups at 6-month follow-

up compared to post-intervention levels. Between groups, MBI was not superior to 

psychoeducation for improving SCF at post-intervention or follow-up. The third 

objective was to investigate sleep quality as a mediator between intervention and 

SCF, controlling for demographics, trait mindfulness, objective cognitive function, 
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baseline SCF, and data collection site. Findings showed no indirect (mediation) 

effect of MBI on SCF through sleep quality, nor was there a direct effect of MBI on 

SCF. MBI did not significantly improve post-intervention sleep quality, and sleep 

quality did not significantly improve SCF at follow-up when modelled with 

covariates. It is important to acknowledge that a mediation effect can still occur even 

when the overall effect of MBI on SCF is not significant, for example in the case of a 

suppressing mediating effect, where other mediators not controlled for counteract 

and potentially cancel out any mediating effect of sleep quality (MacKinnon et al., 

2007). 

Our first hypothesis, that trait mindfulness would be associated with SCF, 

was supported by our findings. Results align with recent cross-sectional research on 

trait mindfulness and SCF (MacAulay et al., 2022). Psychologically, high trait 

mindfulness may reduce cognitive concerns/worries in SCF, as has been 

demonstrated in research on older adults with SCD and in similar populations, such 

as older adults with MCI (Lenze et al., 2014), cognitively healthy older adults 

(Franco et al., 2017), and older adults at risk of dementia due to family history 

(Strikwerda-Brown et al., 2021). Increased worry in SCD is also linked to higher 

levels of Alzheimer’s disease (AD)-like brain pathology, especially in the default 

mode network (DMN), a network of brain regions associated with susceptibility to 

mind-wandering and maladaptive thinking patterns  (Lim et al., 2019; Verfaillie et 

al., 2019). Neurologically, increased trait mindfulness may improve SCF by targeting 

worry-associated brain regions in SCD; a series of studies have shown trait 

mindfulness is linked to better DMN function in older adult populations (Brewer, 

Worhunsky, et al., 2011; Ganesan et al., 2023; Hasenkamp & Barsalou, 2012; 

Shaurya Prakash et al., 2013) as well as less dementia-related pathology like 
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amyloid/tau deposition and white/grey matter atrophy (Pernet et al., 2021; 

Strikwerda-Brown et al., 2021; Tang et al., 2019). Mindfulness targeting SCF in this 

way fits with the Mindfulness-to-Meaning Theory proposing that increased non-

judgmental awareness improves cognitive reappraisal capacity (Garland et al., 2015; 

Garland et al., 2017), and this improvement may be related to the aforementioned 

worry-associated pathology (Verfaillie et al., 2019) . 

Contrastingly to our results, Brisbon and Lachman (2017) found that trait 

mindfulness did not directly impact SCF, but impacted SCF indirectly through 

perceived stress, suggesting SCF could be confounded with subjective stress levels. 

Yet trait mindfulness ameliorating either subjective cognitive ability or subjective 

stress levels still indicates benefits for reducing cognitive decline rates, e.g., stress-

buffering model (MacAulay et al., 2023). However, Brisbon and Lachman’s (2017) 

study only measured subjective memory, so findings might not transfer to general 

SCF or subjective worry, the dimension of SCD that trait mindfulness could be most 

useful for targeting. Perceived stress, the variable that mediated Brisbon and 

Lachman’s (2017) findings, may also be conflated with worry/concerns in SCD. In 

future, research using consistent measures of SCF and clear SCD criteria should 

improve study homogeneity. Additionally, to the best of our knowledge, only one 

extant study controlled for potentially confounding personality traits while 

investigating trait mindfulness implications in SCD (Strikwerda-Brown et al., 2021). 

It is therefore possible that baseline associations between trait mindfulness and SCF 

could be due to personality traits that more mindful individuals tend to share, 

particularly low neuroticism/emotionality, which research has shown to be higher 

with poor SCF (Aschwanden et al., 2022; Zullo et al., 2021) and lower with high 

trait mindfulness (Giluk, 2009; Hanley, 2016). Future work should ideally measure 
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personality (e.g., Big Five) to control for or to investigate personality traits’ roles in 

the trait mindfulness-SCD relationship.  

Our second hypothesis was that positive changes would occur in SCF from 

baseline to post-intervention to 6-month follow-up in both groups, and further, that 

the MBI group would outperform the psychoeducation control group on a measure of 

SCF (CDS). There was a significant small-medium sized main effect of time, mostly 

contributed to by significant change from baseline to post-intervention, while there 

was no further significant change from post-intervention to follow-up, so the first 

part of our hypothesis was supported. However, there were no significant differences 

in SCF between the MBI group and the psychoeducation group. There was no 

significant interaction between time and intervention type, with both groups’ SCF 

improving equivalently over time when controlling for four data collection sites and 

covariates. This finding extends results from other SCD-Well trial studies which 

found MBI and psychoeducation equivalent in improving anxiety and objective 

cognitive outcomes (Marchant et al., 2021; Whitfield et al., 2022). Smart and 

colleagues’ (2016) pilot trial also found mostly equivalent improvements in objective 

cognitive function between MBI and psychoeducation conditions. However, MBI 

participants with SCD showed improvement in SCF and greater ability in moment-

to-moment task reaction (Go/Nogo task) and P3 amplitude (neural marker of 

attentional capacity), suggesting underlying changes may be caused by MBI. A meta-

analysis and systematic review supports psychoeducation as effective for those with 

SCD (Roheger et al., 2021), though evidence primarily focused on objective 

cognitive outcomes, and only the aforementioned study (Smart et al., 2016) 

compared psychoeducation to standardised MBI within the meta-analysis. While 

MBI and psychoeducation both appear effective for reducing SCF in SCD, MBI may 
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have distinct neurological benefits that warrant further investigation into 

neuroimaging measures’ association with SCF. Future research should build on 

Smart and colleagues’ (2016) study and compare MBI to psychoeducation for those 

with SCD in larger samples, using neuroimaging outcomes to determine if MBI 

leads to distinct neural changes associated with change in SCF outcomes.  

Data collection site was controlled for in our analysis for Objective 2, and 

interesting results emerged. Analysis revealed London participants had worse SCF 

than Cologne, Barcelona, and Lyon at all time points. Increased urbanization is 

linked to worse health outcomes that may influence SCF (e.g., stress, anxiety, 

depression, sleep quality), and with London being one of the most urbanized cities in 

the world and more population-dense than Cologne, Barcelona, and Lyon, this may 

explain this geographical difference in the data (Baumann & Brooks-Cederqvist, 

2023). Baumann and Brooks-Cederqvist (2023) showed that individuals in lower 

density, less urban environments exhibit higher levels of EEG theta activity in the 

brain, a state of electrical brain activity that is also induced by mindfulness practice 

(Tang et al., 2019). It may be more challenging for individuals in higher density 

locations to achieve the ideal state of theta brain activity when practicing 

mindfulness as their theta activity levels are lower to begin with. Smart and 

colleagues’ (2016) findings agree with this notion – MBI significantly improved the 

P3 component of EEG, which measures theta activity and indicates improved 

cognitive control (Harper et al., 2014; Pscherer et al., 2022). Another element to 

consider is social engagement. Social engagement has been consistently linked to 

improved objective cognitive and psychological outcomes in older adults (Kelly et 

al., 2017; Krueger et al., 2009; Monteiro et al., 2024; Saha et al., 2024), which may 

translate to SCF. Here, social interaction was indeed matched in MBI and control 
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conditions, so social engagement could underly and explain the similar changes 

observed from MBI and psychoeducation, potentially driving outcomes in SCD more 

than specific MBI or psychoeducation protocol elements. Furthermore, Livingston et 

al. (2024), in their Lancet report on dementia prevention, list social 

engagement/isolation as one key factor of 14 that contributes to dementia 

development by impacting brain health and cognitive reserve. An important direction 

for future research should be to disentangle the effects of social 

engagement/isolation from intervention-specific elements to better understand how 

MBI and psychoeducation drive improvements in SCF. 

Our third hypothesis was that sleep quality would mediate the relationship 

between MBI and SCF. Findings did not support sleep quality as a mediator, with 

baseline SCF being the strongest predictor of SCF at follow-up, while trait 

mindfulness also had a significant small effect on SCF at follow-up. The lack of 

significant effect in path a (Intervention→PSQI1) is contradictory to previous 

research showing that MBI can improve sleep quality in healthy older adults (Black 

et al., 2015; Gallegos et al., 2018; Zhang et al., 2015), including our meta-analysis in 

Ch2 (H2) (Lannon-Boran et al., 2023). This discrepancy could be due to the fact that 

most studies on older adults that investigate sleep quality and mindfulness recruit 

participants with poor sleep quality, sleep disturbance, or insomnia (Garland et al., 

2016; Gong et al., 2016; Kanen et al., 2015; Li et al., 2025). Our sample was not 

selected for having poor sleep quality; mean baseline PSQI scores indicated some 

participants had mild sleep issues. There may have been a ceiling effect with limited 

room for improvement in sleep in our sample (Youngstedt, 2003). The nonsignificant 

b path (PSQI1→CDS2) is surprising given cross-sectional studies have consistently 

found association between sleep quality and SCF levels in SCD (Exalto et al., 2022; 
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Jiang et al., 2022; Siddarth et al., 2021; Sun et al., 2024). However, longitudinal or 

RCT studies investigating sleep quality’s effect on SCF are scant, so the direction of 

the sleep-SCF relationship is uncertain. Our analysis showed a medium-sized effect 

of baseline SCF on sleep quality at post-intervention, so it’s possible that cross-

sectional studies are showing that poor SCF (e.g., increased self-reported concern, 

worry, about cognitive function) drives sleep quality down rather than vice versa – 

thus, sleep mediation pathways may be more complex than cross-sectional research 

suggests. 

The lack of mediation effect (ab path) has several possible explanations. The 

fact that baseline SCF accounted for much of the variance in follow-up SCF is a 

reflection of the lack of change in SCF from MBI through sleep quality. The MBI 

may have been too short in duration to cause meaningful changes in sleep quality 

compared to psychoeducation, or to cause meaningful changes in the mechanisms of 

combined improvement of acceptance and awareness, theorized to be required for 

improvements in health outcomes from MBI (MAT theory) (Lindsay & Creswell, 

2017; Shallcross et al, 2019). It would be beneficial to evaluate longer duration MBI 

effects on healthy older adults where effects may be more subtle or preventative of, 

for example, sleep decrements typical in ageing, or progression of cognitive 

impairment in healthy yet at-risk populations such as SCD (Whitfield et al., 2022) . 

Subjective measures of sleep quality and cognitive function also may not be sensitive 

enough to detect change in older adults without moderate-strong sleep issues 

(Landry et al., 2015) and without cognitive impairment (Pavel et al., 2022). If this is 

the case, objective sleep measures may yield different mediation results in those with 

SCD, e.g., use of actigraphy or polysomnography in place of self-report sleep 

measures. That said, study findings disagree on subjective (Jiang et al., 2022) and 
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objective sleep (Lauriola et al., 2016) associations with SCD, suggesting further 

research is required to ascertain which measures are optimal, or, as suggested by 

Landry et al. (2015), both objective and subjective sleep measures be used when 

participants are unimpaired. As the criteria for SCD requires objective cognitive test 

scores within normal ranges, and since SCF may be more sensitive to underlying 

neuropathological decline than objective measurement (Sharma et al., 2019; Stewart 

et al., 2011), neuroimaging outcomes may be preferable over objective or subjective 

outcomes to detect meaningful change in older adults with SCD. On the other hand, 

Pavel et al. (2022) found subtle but detectable differences in objective cognitive 

ability (although still within normal ranges) between SCD and non-SCD older 

adults, and suggest further defining SCD progression; earlier SCD having no 

objective impairment, and later SCD showing subtle objective decline 

comparatively. Recent work on defining SCD has indeed introduced such a criteria 

(“SCD plus”), based mostly on the presence of dementia-related biomarkers from 

neuroimaging alongside SCD (Kuhn et al., 2025), but additionally, this group seem 

to perform worse within normal ranges of objective cognitive measures (Monisha et 

al., 2025). Future work should also then investigate MBI and sleep quality in this 

SCD group with subtle objective decline and/or early markers of dementia. 

As mentioned, Pavel and colleagues (2022) and other studies (Aschwanden et 

al., 2022; Zullo et al., 2021), observed the strong association of the neurotic 

personality trait in SCD, a potential confounder we could not control for in our 

mediation analysis. Expanding on this, Aschwanden et al. (2022) suggest that lower 

neuroticism, which is associated with high trait mindfulness (Giluk, 2009; Hanley, 

2016), may indicate a more “resilient” personality, where these individuals have 

greater cognitive reserve that maintains subjective and objective cognitive 
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functioning. Interestingly, a review postulates that mindfulness enhances cognitive 

reserve (Malinowski & Shalamanova, 2017). This could explain our finding that 

baseline trait mindfulness predicted better SCF at follow-up, even while controlling 

for baseline SCF, demographics, and objective cognitive function. Combined with 

findings from our first objective that baseline trait mindfulness predicts baseline 

SCF, this finding could be an indication that individuals with innately higher 

mindfulness are better positioned to maintain good SCF, but did not benefit 

additionally from undergoing MBI. It may also indicate that trait mindfulness is a 

more stable trait than thought, that again, may need longer periods of practice or 

intervention for there to be meaningful change that leads to improved sleep quality, 

and then improved SCF, reducing risk of future cognitive impairment. Future 

research should strive to control for or investigate directly the role of personality 

traits when studying sleep quality’s relationship to SCF, and clarify the impact 

lengthened MBI has on sleep and SCF through promoting trait mindfulness. 

3.7.1 Strengths and Limitations 

There were a number of strengths to this study. Participants were randomized 

to experimental and active control groups and the sample size was large in 

comparison to previous MBI studies on SCD (Smart et al., 2016; Wetherell et al., 

2017). Data was collected from four locations across Europe, making findings more 

generalisable across European older adult populations. Participants were all aged 

over 60, recruited from memory clinics, and fit within standardised criteria for SCD. 

This increased the homogeneity of the sample and targeted cognitively unimpaired 

individuals who were at risk of dementia. The sample were also distinct from 

cognitively healthy older adults and those with MCI or with psychiatric or 

neurodegenerative disorders. The MBI used (CMBAS) closely followed standardised 
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MBSR protocol for easier replicability in future work and comparison with extant 

work (Lenze et al., 2014; Smart et al., 2016; Wetherell et al., 2017). Marchant and 

colleagues’ (2021) choice of MBI and control condition was also based on 

recommendations for RCTs of psychological interventions (Guidi et al., 2018). There 

was the same amount of facilitator contact time in each condition, blinded outcome 

raters, and a 6-month follow-up measurement point – increasing intervention fidelity, 

minimizing bias, and thus improving validity of the research for translation to real-

world settings and future replication or homogeneity in meta-analysis. In our 

mediation analysis, we were able to control for numerous relevant covariates, and 

our mediator variable for sleep quality was a widely used sleep quality measure 

(PSQI), allowing for comparison with past research in SCD and sleep quality, as well 

as making homogeneity easier in future studies examining sleep and SCD severity.  

While the active psychoeducation control and 6-month follow-up were 

strengths, the lack of a passive waitlist group and further follow-ups were 

limitations. The absence of a passive control meant it was not possible to tell if 

changes in SCF were definitely due to elements of MBI or psychoeducation, and 

follow-up was too short to ascertain cognitive trajectories of progression or non-

progression to cognitive impairment or dementia, or longer-term change in SCF. 

Issues with SCF measurement heterogeneity have recently been highlighted in the 

literature (Jessen et al., 2020; Pavel et al., 2022), and our measure of SCF (CDS) did 

differ from many extant studies which assessed SCD severity with other measures of 

SCF (e.g., Smart et al., 2016; Strikwerda-Brown et al., 2021; Wetherell et al., 2017); 

this should be addressed in the future to achieve better homogeneity across studies. 

As SCF is a self-report measure, it is therefore subject to introducing measurement 

bias as well, making the aim of increased SCF measurement homogeneity even more 
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important. Finally, different underlying causes of SCD may exist (e.g., neurological 

causes, psychological causes, personality differences) which could not be controlled 

for in this study and therefore may have impacted results. 

 

3.7.2 Conclusions and Key Implications 

This secondary analysis of SCD-Well trial data found that higher trait 

mindfulness is significantly associated with better SCF in older adults with SCD, 

independent of age, education, objective cognitive function, and data collection 

location (Objective 1). This finding highlights the potential protective role of trait 

mindfulness in SCD, suggesting that promoting trait mindfulness could help buffer 

against cognitive concerns measured by SCF. However, both the MBI and the 

psychoeducation condition showed similar improvements in SCF post-intervention, 

and 6-month follow-up (Objective 2). While both interventions may be beneficial for 

SCF, MBI does not appear to be superior to psychoeducation in this context, but the 

independent associations between baseline trait mindfulness and better SCF at both 

baseline (Objective 1) and follow-up (Objective 3) implies that individuals with 

lower trait mindfulness might benefit more from targeted mindfulness interventions, 

while others may achieve comparable improvement through psychoeducation. 

Mediation analysis (Objective 3) showed that, in our sample, post-intervention sleep 

quality did not mediate the effect of MBI or psychoeducation on SCF at follow-up; 

the findings of interest from Objective 3 were that baseline SCF and baseline trait 

mindfulness predicted follow-up SCF, while baseline SCF also predicted post-

intervention sleep quality. Lengthened MBI duration should be considered in future, 

as well as sleep and cognitive measurement sensitivity in older cognitively 

unimpaired adults who don’t have sleep issues, but are still at-risk due to SCD status. 
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Those with SCD as well as subtle objective cognitive decrements and sleep 

difficulties may benefit more from interventions aimed at improving sleep and SCF. 

Alternatively, studies in SCD should focus on prevention of sleep disturbance and 

cognitive decline to reduce cognitive impairment progression risk.  

Notably, geographical differences in SCF outcomes were observed, 

indicating that environmental or cultural factors may also play a role. Geographical 

differences may impact the efficacy of MBI due to mindfulness effects on theta wave 

brain activity in SCD (Smart et al., 2016) and reduced theta wave activity in highly 

urban areas (Baumann & Brooks-Cederqvist, 2023). Disentangling these 

relationships will be useful for advancing our understanding of the interconnections 

between mindfulness, environment, and SCD. Future studies should also examine 

socio-cultural and lifestyle factors that may influence SCF, sleep quality, and trait 

mindfulness in this population. Overlapping cognitive reserve factors such as social 

engagement, occupational complexity, bilingualism, and physical activity may have 

influenced the current findings, and warrant inclusion in future studies (Livingston et 

al., 2020; Stern et al., 2020). Additionally, given that the present sample was largely 

female, menopause represents a possible important variable. Menopause is 

associated with disrupted sleep, worse SCF, and increased vulnerability to low mood 

and anxiety, factors which may impact trait mindfulness and even confound with 

SCD criteria (Maki & Henderson, 2016). Future research should include menopause 

status, or add it as a covariate, to better understand these effects. Finally, research 

into those with low trait mindfulness and SCD, as well as mindfulness (trait and 

intervention) and different SCD etiologies (e.g., SCD, SCD plus) is warranted. MBI 

may have a stronger impact on SCD stemming from causes that mindfulness more 

strongly targets, for example, the AD-related pathology in those with SCD plus. 
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Future research should ideally include a passive control and longer follow-up periods 

with this group to determine whether SCF improvements can offset or buffer against 

progression of pathological cognitive decline. 
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Chapter 4: General Discussion 

 

4.1 Introduction 

 Interventions or lifestyle changes are best implemented early when 

individuals are at higher risk of developing dementia but before onset of objective 

cognitive impairment; “the earlier, the better” (Livingston et al., 2024, p. 572). The 

overarching aim of this thesis was to determine whether MBI as a non-

pharmacological intervention, or trait mindfulness, could serve to support healthy 

cognitive ageing, directly or through sleep quality, and thus potentially mitigate 

dementia risk. This thesis examined relationships between mindfulness (trait 

mindfulness and mindfulness-based intervention; MBI), sleep quality, and objective 

and subjective cognitive function (SCF). We examined these associations in 

cognitively healthy older adults more broadly and then in (objectively) cognitively 

healthy older adults with subjective cognitive decline (SCD). Two interconnected 

studies addressed this aim through distinct but complementary designs: a systematic 

review and meta-analysis of randomized controlled trials (RCT) investigating MBI 

effects on objective cognitive function and sleep quality in healthy older adults 

(Chapter 2; Ch2), and secondary analyses of RCT data (SCD-Well trial data from the 

Medit-Ageing project) examining trait mindfulness, MBI, sleep quality, and SCF in 

healthy older adults with SCD (Chapter 3; Ch3). Hypotheses in Ch2 were that MBI 

significantly improve objective cognitive function (H1); that MBI would 

significantly improve sleep quality (H2); and that sleep quality would mediate 

putative MBI effects on objective cognitive function (H3), in pooled RCT data 

collected from older (objectively) cognitively unimpaired adults. In Ch3, it was 

hypothesized that trait mindfulness would be significantly associated with SCF in 
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older adults with SCD (H1); that MBI would be associated with better SCF over 

time (post-intervention, follow-up) and would be superior compared to a 

psychoeducation control group (H2), and finally, that post-intervention sleep quality 

would mediate the relationship between MBI and SCF at follow-up (H3). 

Findings from Ch2 revealed no support for Ch2: H1; there was no significant 

effect of MBIs on objective cognitive function compared to pooled active controls. 

There was support for Ch2: H2; MBIs significantly improved sleep quality compared 

to pooled active controls. However, no mediation studies fitting inclusion criteria 

were found during systematic search in Ch2, so sleep quality’s potential to mediate 

the MBI relationship to cognitive function remained unclear (Ch2: H3). In Ch3, trait 

mindfulness was significantly associated with better SCF in individuals with SCD 

(Ch3: H1) at baseline. Ch3: H2 was not fully supported by findings in Ch3; while 

MBI was associated with improvement in SCF from baseline to follow-up, its effect 

was similar to that of psychoeducation (active control). Mediation analysis in Ch3 

showed that MBI did not significantly effect sleep quality, and there was no support 

for a mediation effect of MBI on SCF through sleep quality (Ch3: H3). Considered 

together, the findings have multiple implications for mindfulness in relation to sleep 

quality and cognitive ageing that will be explored in this chapter. 

 

4.2 MBI and Objective Cognitive Function in Older Adults (Ch2: H1) 

The systematic review and meta-analysis of RCTs presented in Ch2 found no 

significant effect of MBI on cognitive function in healthy older adults across 

objective cognitive domains of executive function, delayed recall, and free recall. 

This is an important finding that informed subsequent hypotheses and outcome-focus 

(e.g., investigating SCF instead of objective cognitive function in Ch3), and warrants 
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broader discussion due to the statistically powerful design (meta-analysis). As 

discussed in greater length in Ch2 (sections 2.3 and 2.9), the finding contrasts with 

positive cross-sectional findings (Kurth et al., 2015; Luders et al., 2016; Luders et 

al., 2011; Prakash et al., 2012) and some RCTs in the cognitively unimpaired (Ford 

& Nagamatsu, 2024; Malinowski et al., 2017; Moynihan et al., 2013). Other reviews 

have highlighted mixed cognitive findings across MBI studies of healthy older 

adults, continuing a trend of ambiguous findings in the field (Berk et al., 2017; 

Whitfield, Barnhofer, Acabchuk, et al., 2022). On the other hand, there have been 

positive cognitive outcomes in MBI RCTs in those with cognitive impairment such 

as MCI (Lin et al., 2023) and early dementia (Quintana-Hernández et al., 2016). 

There are several possible explanations for these discrepancies. 

Firstly, as our pooled sample in Ch2 meta-analysis were cognitively healthy, 

ceiling effects may have prevented meaningful MBI impact on objective cognitive 

measures. If longer follow-ups were included in studies, prevention focused 

outcomes (age-related cognitive decline trajectories) could be assessed, aiming for 

cognitive maintenance rather than improvements. Alternatively, implementing MBI 

at an earlier age (e.g., < 50 years) while including education on benefits of sustained 

long-term mindfulness practice, may also be more effective for improving cognitive 

function and inducing neuroprotective change (Allen et al., 2012). Promoting trait 

mindfulness through MBI earlier in life may be of greater benefit for later objective 

cognitive outcomes (Chételat et al., 2018), while ameliorating poor SCF in shorter 

timeframes, as was shown in Ch3 (H1, H2). 

MBIs are considered an effective means of promoting trait mindfulness 

(Carmody & Baer, 2008; Kiken et al., 2015), but in studies where MBI is treated as, 

for example, a cognitive intervention, focus is often solely on cognitive outcomes, 
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and trait mindfulness is not always considered (Tang et al., 2016). MBI studies 

should assess trait mindfulness at different time points (e.g., baseline, post-

intervention, follow-up), a view supported by Tang and colleagues (2016), as change 

in trait mindfulness is likely key to cognitive improvements and potentially cognitive 

reserve (Chételat et al., 2018; Malinowski & Shalamanova, 2017). The cognitive 

advantages observed in long-term meditators in cross-sectional research may reflect 

cumulative effects on key aspects of trait mindfulness (i.e., attention monitoring and 

acceptance, see more in Theoretical Implications, 4.5.1) from extended practice that 

may be harder to produce in 8-week MBI trials (Kurth et al., 2017; Lindsay & 

Creswell, 2017; Tang et al., 2016). On the other hand, differences in experienced 

meditators’ brains could be due to pre-existing differences in personality or 

temperament that overlap with or are related to trait mindfulness, which may also 

have initially caused their interest in practicing mindfulness (Tang et al., 2015). This 

is why longitudinal designs and longer follow-ups that can ascertain basic 

mechanism change (e.g., 8-week MBI improving trait mindfulness) are important for 

future research. 

Second, neuropsychological test outcomes in the meta-analysed studies may 

have lacked the sensitivity to capture subtle or specific mindfulness-related cognitive 

changes in individuals already performing within normal ranges (Spooner & 

Pachana, 2006) (see Ch2, 2.9 for more detail on this point). That said, a meta-

analysis that attempted to address this found that MBIs outperformed inactive but 

not active controls across all cognitive domains (Whitfield, Barnhofer, et al., 2022). 

However, included samples in this meta-analysis were again not limited to those 

without cognitive impairment, so it is difficult to interpret this finding in the context 
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of cognitively healthy older adults. Possible lack of objective measure sensitivity in 

healthy older adults was supported by our positive findings for SCF in Ch3. 

Our finding in Ch2:H1 could therefore be due to lack of measurement 

sensitivity to subtle cognitive changes, changes in cognitive domains we could not 

meta-analyse, or to ceiling effects, as discussed above. Finally, evidence from within 

individual studies in the Ch2 systematic review support the interpretation that 

mindfulness benefits healthy older adults’ brain function and cognitive reserve. 

Studies that incorporated neuroimaging measures alongside neuropsychological 

testing revealed significant improvements in brain structure and function despite 

absent or modest effects on neuropsychological test scores (Moynihan et al., 2013; 

Sevinc et al., 2021; Smart et al., 2016). Refer to Ch2 (2.8 and 2.9) for detailed 

summaries and evaluation of relevant studies. Such brain changes may not translate 

to improved objective test performance but may confer resilience/reserve against 

future decline and would be more apparent long-term meditators (see 4.5.2 for 

expansion on the cognitive reserve hypothesis). Future research should consider that 

MBI may induce meaningful neural changes that objective cognitive assessments 

would not capture in cognitively healthy individuals; neuroimaging measures may be 

more suitable outcomes in this population. 

Findings from Ch2: H1 informed Ch3: H1 and H2 where, having ascertained 

that MBI did not improve objective cognitive function better than active controls the 

cognitive outcome of interest was instead SCF. SCF scores in those with SCD are 

associated with future objective cognitive decline (Slot et al., 2019), trait 

mindfulness and MBI (MacAulay et al., 2022; Smart et al., 2016; Wetherell et al., 

2017), and psychological factors and neural profiles that mindfulness is related to 

(Strikwerda-Brown et al., 2021), which is discussed in detail in section 4.4. Our 
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finding of improved sleep quality in MBI RCTs (Ch2: H2) could also explain why 

extant mindfulness studies show improved brain health in participants. 

 

4.3 Mindfulness-Based Intervention and Sleep Quality (Ch2: H2 & Ch3: H3) 

In Ch2, meta-analysis of RCTs demonstrated that MBI had a significant 

effect on sleep quality compared to control conditions in healthy older adults (Ch2: 

H2). This finding extended on other reviews and meta-analyses on mindfulness and 

sleep in older adults (Garland et al., 2016; He et al., 2019; Kim et al., 2022; Li et al., 

2025; Rusch et al., 2019) by specifically focusing on standardised MBI in older 

cognitively healthy populations without diagnosed sleep disorders. The positive 

effect of MBI on sleep in this population without cognitive impairment or sleep 

disorder is particularly noteworthy, given that it indicates early intervention before 

clinical-level issues are present can be impactful, and thus the potential to reduce risk 

of future dementia is greater (Livingston et al., 2024).  

Multiple mechanisms may explain MBI's beneficial effects on sleep quality 

in those without sleep disorders (Ch2: H2), but no exact mechanisms have been 

established (Garland et al., 2016). Mindfulness practice, or increased trait 

mindfulness as a result of practice in MBI, may exert influence on sleep through 

psychological, cognitive, physiological, and/or neural mechanisms (Shallcross et al., 

2019) (see Ch1, 1.5 and Ch3, 3.3 also). These theoretical mechanisms are discussed 

further in Section 4.5.1 and 4.5.3 below. It remains unclear if MBI effects on sleep 

work primarily through physiological, psychological, or cognitive mechanisms, or a 

combination of them, providing impetus for future work to unpack the nature of 

these relationships.  
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Despite the significant effects of MBI on sleep quality observed in Ch2 (and 

the dearth of sleep quality mediation studies, Ch2: H3) which prompted our 

mediation analysis in Ch3, mediation analysis in Ch3 did not support sleep quality as 

a mediator between MBI and SCF, nor did MBI directly improve sleep quality. 

Several factors may explain this unexpected finding (see Ch3, 3.7 also). First, the 

sample in Ch3 consisted of individuals with SCD who had relatively few sleep issues 

on average for older adults with SCD, again creating a potential ceiling effect 

(Youngstedt, 2003). Participants were not recruited based on having sleep 

difficulties, in contrast to Ch2 meta-analysed studies which included three RCT 

samples of participants with non-clinical sleep issues. Prevalence of poor sleep 

quality in older adults, as measured by PSQI (>5 or >7 depending on the study), is 

50%, but up to 64% in SCD (Exalto et al., 2022), with scores generally spread across 

a greater range than in Ch3’s sample (Kavousi et al., 2025; Landry et al., 2015). The 

Ch3 sample had better sleep quality than would be expected in SCD. MBI may 

therefore be best implemented in older adults with moderate sleep issues or worse 

for the purpose of improving sleep quality, or in good sleepers for the purpose of 

preventing age-related sleep decline. 

A further explanation for these contrasting findings in Ch2:H2 and Ch3: H3 

relates to the temporal sequencing of measurements in the mediation model, which 

may not have optimally captured the relationship between sleep and SCF. Sleep 

quality was assessed at post-intervention (8 weeks), while SCF was assessed at 

follow-up (24 weeks) in Ch3. While such temporal ordering is best-practice in 

mediation analysis (MacKinnon et al., 2007), the extended interval between these 

measurements means that post-intervention sleep quality may not have accurately 

reflected sleep quality changes beyond the intervention period. In Ch2: H2, sleep 
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outcomes were at post-intervention, not follow-up. Additionally, in Ch3 follow-up 

SCF was most strongly predicted by baseline SCF, suggesting high stability in SCF 

over time, potentially limiting the ability to detect mediation effects. The direction of 

causality between sleep quality and SCF may also be more complicated than initially 

hypothesized (discussed in Ch3, 3.7). It is possible cognitive concerns (i.e., SCF) 

which characterise SCD may drive or partially drive sleep difficulties rather than 

vice versa.  

A final note on this unexpected finding pertains to the measure of sleep 

quality used (PSQI) in our studies in Ch2 and Ch3. The studies focused on global 

PSQI scores, meaning other aspects of sleep associated with SCF and cognitive 

ageing were not examined. Sleep duration, for example, is linked to cognitive 

decline, with both short and long sleep duration associated with increased risk (Ma et 

al., 2020), sleep fragmentation has also been linked to AD risk and accelerated 

cognitive decline (Lim et al., 2013), and excessive daytime sleepiness has been 

associated with more severe subjective and objective cognitive decline (Briggs et al., 

2025). Furthermore, while the PSQI is widely used and well-validated, it is a 

subjective self-report instrument that does not capture objective aspects of sleep 

(Buysse et al., 1989). Objective measures such as actigraphy or polysomnography 

might provide more precise information about sleep architecture and circadian 

rhythms (Landry et al., 2015), including slow-wave sleep (SWS) and sleep 

fragmentation, which have been implicated in cognitive decline and amyloid 

clearance in the brain during sleep (McCall & Watson, 2021) (see in-depth 

breakdown in Ch1, 1.4). Landry et al. (2015) advise using subjective and objective 

sleep measures concurrently to best capture sleep quality in SCD, which was a future 

research recommendation we made in both Ch2 (2.9) and Ch3 (3.7). Future research 
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utilising objective sleep measures and specific aspects of sleep quality may reveal 

relationships between MBI/trait mindfulness, sleep, and cognitive outcomes that 

were not detected using PSQI. 

Despite the absence of a mediation effect in Ch3, the Ch2 finding that MBI 

improves sleep in healthy older adults with non-clinical sleep issues remains an 

important contribution of this thesis. Sleep quality is associated with numerous 

health outcomes in older adults, including cardiovascular health, mental health, 

quality of life, and risk of future cognitive decline and dementia (McCall & Watson, 

2021). The improvement in sleep quality in Ch2: H2 is a meaningful finding even in 

the absence of an effect in better sleepers in Ch3: H3, because improving poor sleep 

earlier in the cognitively healthy may preserve cognitive function.  

 

4.4 Trait Mindfulness, MBI, and Subjective versus Objective Cognitive 

Function 

An interesting pattern emerged across the chapters of this thesis regarding 

subjective versus objective cognitive outcomes. Ch2 found no significant effect of 

pooled MBI on objective cognitive function in healthy older adults. In contrast, Ch3 

demonstrated that trait mindfulness was uniquely associated with SCF in healthy 

older adults with SCD, and that both MBI and psychoeducation were associated with 

improvements in SCF over time. This raises important questions about the nature of 

mindfulness effects, whether 8-week MBI truly promotes lasting changes in trait 

mindfulness, and the sensitivity of different assessment approaches. 

A number of reasons may explain why trait mindfulness was associated with 

SCF and MBI improved SCF equivalently to psychoeducation in Ch3, but MBI did 

not effect objective cognitive function in Ch2. Trait mindfulness, rather than 
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enhancing cognitive performance directly, may influence SCF primarily through 

psychological pathways that influence how individuals perceive and respond to 

cognitive changes. In SCD literature, there is not yet a consensus about whether SCF 

measures truly reflect changes in cognitive ability, or more so reflect increased 

anxiety and/or depression (Mascherek et al., 2020; Zlatar et al., 2014; Zlatar et al., 

2018). Such measurement issues are not unique to SCD, with reviews in dementia 

(Garg et al., 2022) and chronic illness (Cuevas et al., 2022) also highlighting 

heterogeneity in criteria used to classify conditions, and in how cognitive difficulties 

are measured. Higher trait mindfulness has been associated with reduced anxiety and 

depression in older adults with and without cognitive impairment (Lam et al., 2021), 

so could have created a buffer against anxiety and depression driving SCF down. 

Similar to our finding, MacAulay et al. (2023) showed trait mindfulness to be 

associated with better SCF, as well as reduced depression, anxiety, and perceived 

stress in older unimpaired adults. Trait mindfulness and/or MBI (if an MBI 

successfully induces improvement in trait mindfulness) may work through these 

variables to improve appraisals of cognitive changes, leading to improved SCF (as 

found in Ch3: H2) but no detectable change in objective cognitive function (as found 

in Ch2: H1). As there are also recognised associations between depression and 

anxiety and objective cognitive decline, shown in large systematic review of 

prospective and longitudinal studies (John et al., 2019), participants in Ch2 who had 

normal objective cognitive function (all participants) and no SCD (except for in one 

small group in Smart and colleagues’ study) likely had lower or absent depression 

and anxiety. If mindfulness does indeed impact these psychological factors more so 

than directly impacting cognitive function in healthy older adults, this could explain 
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the lack of MBI effect in Ch2, and the improvements and significant association with 

SCF in Ch3. 

This interpretation is consistent with the Mindfulness-to-Meaning Theory 

(Garland et al., 2017), which proposes that one way mindfulness improves 

psychological outcomes is through improved reappraisal ability. A cross-sectional 

study by Wesbecher (2018) supports this possible interpretation further; trait 

mindfulness predicted use of positive re-appraisal strategies, but was not associated 

with objective cognitive function. It also fits with protective personality traits (e.g., 

low neuroticism, high conscientiousness) associated with trait mindfulness that 

likely provide resilience against poor SCF (see related discussion in Ch3, 3.7) 

(Aschwanden et al., 2022; Hanley & Garland, 2017), but may not impact objective 

cognition. MAT also offers explanation to Ch2 and Ch3’s differing results in 

subjective and objective cognitive function, which is detailed further in 4.5.1. These 

possible explanations point to mindfulness aiding in the management of symptoms 

and/or comorbidities that may influence SCD severity, rather than directly impacting 

cognitive performance. However, these factors (e.g., worry, anxiety, depression) are 

also associated with increased risk of cognitive decline and even early 

neuropathology development in older adults without impairment (Krell-Roesch et 

al., 2018; Pietrzak et al., 2015; Pink et al., 2022; Verfaillie et al., 2019). Trait 

mindfulness and MBI is associated with less of this same neuropathology (Heutz, 

2017), as well as potential for addressing depression and anxiety (Hofmann et al., 

2010; Marchant et al., 2021). Future investigation should strive to clarify if trait 

mindfulness is associated with improved SCF through brain changes, psychological 

factors, resilient personality traits, or a mixture. Longer MBIs and/or follow-ups 
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could help further delineate the relationships between these factors and subsequent 

objective cognitive decline rates.  

Another explanation for our contrasting findings could be that SCF is more 

sensitive than objective cognitive measures to underlying brain degeneration (see 

Ch3, 3.1),  (Stewart, 2012) that may not be apparent on objective outcomes due to 

cognitive/neural reserve allowing for performance on objective tests in normal 

ranges (Aschwanden et al., 2022). Briefly, neuroimaging studies show that there are 

differences in brain health (including amyloid accumulation, grey/white matter 

thinning, and atrophy in DMN regions) between those with SCD and those without 

(Mengel et al., 2024; Rivas-Fernández et al., 2023; Sharma et al., 2021; Yingmei et 

al., 2025). Longitudinal studies examining cognitive trajectories demonstrate that 

SCD compared to non-SCD is associated with increased risk of progression to 

dementia when controlling for objective cognitive function (Li et al., 2023; Mitchell 

et al., 2014). Therefore, trait mindfulness and SCF being uniquely associated in Ch3: 

H1 might be due to brain differences in those with higher trait mindfulness (e.g., 

neural reserve, improved DMN function, increased grey matter, less 

neuropathology), which is indicated in better SCF scores. Such differences may not 

be detected by objective cognitive measures after 8-week MBI (or perhaps not 

produced, because MBI was not long enough) as found in Ch2: H1. 

Interestingly, both MBI and psychoeducation control produced equivalent 

improvements in post-intervention and follow-up SCF in Ch3: H2. Baseline 

objective cognitive function, SCF, trait mindfulness, and demographics were 

controlled for, suggesting that the beneficial effects were not specific to mindfulness 

training. The psychoeducation group may have improved in SCF for different 

reasons. For example, the programme provided information about cognitive ageing, 
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strategies for managing cognitive concerns, and tools for healthy ageing. This could 

have reduced cognitive concerns through giving participants a sense of control, self-

efficacy, and the knowledge that cognitive decline without impairment can be a 

normal part of ageing. Also important to consider are shared characteristics across 

the two conditions in Ch3, primarily social engagement (discussed in Ch3, 3.7). 

Social engagement may also explain the lack of difference between MBI and active 

controls in objective cognitive outcomes in Ch2: H1. All MBI and control groups in 

Ch2’s pooled RCTs involved closely matched time spent in groups, engaging 

socially, possibly driving similar changes in cognition. So, the group-based format of 

all interventions across Ch2 and Ch3 provided social engagement, a factor associated 

with cognitive health and wellbeing in older adults (Kelly et al., 2017; Monteiro et 

al., 2024). Disentangling specific effects of MBI from non-specific effects of group 

participation remains a challenge for future research to address. 

 

4.5 Theoretical Implications 

The findings of this thesis may have theoretical implications for 

understanding how mindfulness relates to cognitive function and sleep quality in 

ageing. These include Monitor and Acceptance Theory (MAT), the cognitive reserve 

hypothesis, and the DMN as a possible unifying neural mechanism underlying 

mindfulness effects. 

4.5.1 Monitor and Acceptance Theory (MAT) 

The discussed Monitor and Acceptance Theory (MAT) provides the most 

useful framework for interpreting the pattern of results across chapters (Lindsay & 

Creswell, 2017). The findings from this thesis suggest that the acceptance 

component of MAT may be particularly relevant for understanding mindfulness 
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effects or lack of effects on objective cognitive function, SCF, and sleep quality in 

healthy older adults. The association between trait mindfulness and SCF (and also 

the equivalent improvement in SCF from MBI and psychoeducation) in individuals 

with SCD (Ch3: H1, H2) likely reflects the role of acceptance in reducing concerns 

about cognitive function, as the cognitive process of attention monitoring should be 

intact in this population given the definition of SCD includes normal objective 

cognitive function. Individuals high in trait mindfulness may more easily be able to 

accept and not catastrophise about cognitive changes, may experience less distress in 

response to cognitive difficulties, and may be better able to maintain equanimity in 

the face of uncertainty about cognitive health (Xu, 2018). Reducing distress appears 

particularly important for preventing subsequent worry and rumination – acceptance 

may mitigate strong, emotionally distressing responses to perceived cognitive 

declines in those with higher trait mindfulness. The direct focus on acceptance skills 

in the MBI group, and the education and normalisation of cognitive change in the 

psychoeducation control group in Ch3, may have increased acceptance and reduced 

distress around perceived cognitive declines in both groups, as alluded to in section 

4.4. 

MAT can also explain the lack of effect of MBI in healthy older adults on 

objective cognitive function, and the significant effect on sleep quality, in Ch2 (H1, 

H2). Objective cognitive outcomes were not based on self-appraisal and therefore 

would not have been influenced by a psychological mechanism such as acceptance, 

and possible ceiling effects in attention monitoring (cognitive mechanism) have been 

discussed (see section 4.2). Sleep quality, however, has been shown to be associated 

with both aspects of MAT, with perceived stress partially mediating the association 

(Lau et al., 2018). Well-developed frameworks exist that apply MAT to addressing 
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sleep disturbance (Shallcross et al., 2019). Shallcross and colleagues (2019) map 

MAT components onto sleep disruption mechanisms, proposing that they reduce 

secondary arousal, catastrophizing, and counterproductive sleep effort, thereby 

improving subjective sleep continuity and quality. To briefly detail this framework, it 

proposes attention monitoring/awareness contributes to addressing sleep disturbance 

factors of rumination, primary arousal (initial negative appraisal of poor sleep and its 

anticipated next-day consequences that triggers stress and physiological arousal), 

secondary arousal (negative judgments towards primary arousal, further stress and 

physiological arousal), and sleep effort. It then proposes that acceptance addresses 

distorted perceptions (e.g., overestimating amount of sleep lost), and combined with 

attention monitoring/awareness, addresses secondary arousal and sleep effort; 

together, the two mechanisms weaken the rumination-arousal-sleep effort cycle, 

supporting better sleep. 

4.5.2 Cognitive Reserve Hypothesis  

The cognitive reserve hypothesis offers another theoretical lens for 

understanding mindfulness effects on cognitive ageing. Cognitive reserve refers to 

the brain's ability to cope with neuropathology through recruitment of alternative 

neural networks or more efficient use of existing networks, and is influenced by 

lifelong engagement in cognitive, social, and physical activities (Stern et al., 2020). 

Trait mindfulness, as a result of mindfulness practice or otherwise, has been 

proposed to build cognitive reserve (Malinowski & Shalamanova, 2017) through 

improvements in attentional networks (Bremer et al., 2022; Malinowski, 2013), 

cultivation of metacognitive awareness (Jankowski & Holas, 2014), openness to 

experience and curiosity (novelty exposure; fluid intelligence) (Baer et al., 2006; 

Brown & Ryan, 2003; Gard, Taquet, et al., 2014), and associations with brain 
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changes including increased grey matter density in prefrontal and hippocampal 

regions (Hölzel, Carmody, et al., 2011; Hölzel, Lazar, et al., 2011).  

Evidence from cross-sectional research showing that experienced meditators 

(min. 4 years meditation experience in Luders and colleagues study) have younger-

appearing brains and better-preserved cognitive function compared to non-meditators 

is consistent with the cognitive reserve hypothesis (Luders et al., 2016). Viewed 

through the lens of cognitive reserve, mindfulness practice may need to be sustained 

over months or years rather than weeks to yield cognitive benefits through enhanced 

cognitive/neural reserve (Kurth et al., 2017). If cognitive reserve is a primary 

mechanism through which mindfulness influences cognitive function in older adults, 

significant changes in objective cognitive function post 8-week MBI would not be 

apparent, as was found in Ch2: H1. A two-year, four-arm RCT (MBI, cognitive 

stimulation therapy [CST], muscle relaxation, inactive control) in older adults with 

AD demonstrated that longer periods of MBI could possibly promote cognitive 

reserve even in cognitively impaired older adults (Quintana-Hernández et al., 2016). 

MBI, followed closely by CST, was most effective for maintaining all cognitive 

abilities assessed (language, memory, learning, attention, praxis, tactile/visual 

perception, calculation, abstract thinking, orientation, expression, understanding) in 

mild-moderate AD. A possible interpretation is that MBI and CST – also linked to 

increased reserve (Liu et al., 2021) – increased cognitive reserve over the two-year 

period, allowing participants to compensate for AD brain pathology, and not decline 

as expected. Much research on mindfulness and cognitive ageing has focused on 

objective cognitive outcomes, but investigating trait mindfulness, meditation 

experience, and MBI and cognitive reserve levels is important to further understand 

the heterogeneity seen across mindfulness and cognitive ageing research. 
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4.5.3 The Default-Mode Network (DMN) as a Unifying Mindfulness Mechanism  

The DMN has emerged as a potential unifying neural mechanism for 

understanding relationships between mindfulness, sleep quality, and cognitive 

function in older adults. The DMN is of particular interest in cognitive ageing 

because AD pathology predominantly accumulates in its regions more so than in 

other regions of the brain (Buckner et al., 2005). Therefore, atrophy in the DMN is 

associated with cognitive decline and increased risk of developing AD. As mentioned 

throughout the thesis, mindfulness has been associated with improved DMN activity 

regulation (Brewer, Worhunsky, et al., 2011), stronger DMN functional connectivity 

(Bremer et al., 2022), increased structural integrity and less pathology in DMN 

regions (Hölzel, Carmody, et al., 2011). Additionally, trait mindfulness was 

associated with less AD-related pathology in DMN regions and less objective 

cognitive decline (over a 5-year period) in older unimpaired adults, even when 

controlling for personality traits (Strikwerda-Brown et al., 2021). Poor SCF is also 

associated with worse function and integrity of DMN regions (Buckley et al., 2017; 

Lee et al., 2023; Sharma et al., 2021), as well as with an increase in AD-related 

pathology levels (Kuhn et al., 2025; X. Wang et al., 2020; Yingmei et al., 2025). Due 

to the established possibility that SCF measures are sensitive to these neural changes, 

findings in Ch3: H1 and H2 may reflect mindfulness protecting against negative 

DMN changes, resulting in better SCF scores. Another way mindfulness may 

indirectly impact the DMN (rather than directly regulating activity of the network) is 

through sleep quality. 

As discussed in detail in Ch1 (section 1.4) sleep quality is connected to DMN 

function and structural health (Cordone et al., 2019). Deactivation of the DMN is 

thought to be necessary for efficient sleep onset (Marques et al., 2015); individuals 
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with insomnia struggle to suppress DMN activity associated with ruminative worry 

at bedtime (Killgore et al., 2023). Downregulation in DMN activity also precedes 

deep SWS (Horovitz et al., 2009), the stage of sleep diminished in older adults, and 

also where toxic metabolites (AD-related pathologies) are cleared from the brain 

(McCall & Watson, 2021; Xie et al., 2013). Mindfulness improving DMN function 

could be key to remaining in SWS and clearing AD-related pathologies. This could 

offer an explanation for the disparity in findings between Ch2: H2 and Ch3: H3 in 

sleep outcomes. Ch2’s meta-analysis included older adult samples with sleep issues, 

indicating possible DMN dysregulation, which MBI may have improved. Ch3’s 

sample consisted mostly of individuals with less significant sleep issues than would 

be expected due to age and SCD, so sleep may have remained unchanged even if 

MBI impacted the DMN. While Ch3: H3 found no MBI mediation pathway to SCF 

through sleep, the theoretical rationale for DMN-mediated effects remains 

compelling and warrants investigation in older adults with sleep disturbance. 

Our results, and other converging lines of evidence, suggest that the DMN 

may represent a common neural mechanism linking mindfulness, sleep quality, and 

cognitive function in ageing. Where possible, future research should build on this 

possible unifying mechanism, using neuroimaging measures to capture DMN-related 

associations between mindfulness and outcomes, especially in individuals with poor 

SCF and poor sleep.  

 

4.6 Methodological Considerations 

There are a number of considerations to highlight in relation to the 

methodology and design across the chapters of this thesis. Duration and “dosage” of 

meditation/mindfulness practice in MBI (i.e., length of MBI, amount of practice in 
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weekly sessions, and frequency of mindfulness practice required) are important 

considerations over both chapters. The systematic review in Ch2 included studies 

that adhered closely to standard MBSR protocol. Ch3 participants similarly followed 

MBSR closely. MBSR guidelines for duration and dosage, based on the original 

MBSR program developed for stress reduction and chronic pain management 

(Kabat-Zinn, 2013), have become standard in MBI research. However, as shown in 

Ch2: H2 and Ch3: H2, it is unclear if the current format is optimal for producing 

cognitive health benefits in older adults, particularly those without cognitive 

impairment (Kurth et al., 2017). Ch2: H2 suggests it does not improve objective 

cognition, while Ch3: H2 suggests it is as beneficial as psychoeducation for SCF. 

Longer or more intensive interventions might be necessary to produce objective 

cognitive benefits. Alternatively, and without compromising study feasibility, future 

interventions might consider focusing on establishing sustainable mindfulness 

practice habits with longer follow-up periods after MBI, recognising that benefits 

may accrue gradually over extended periods. Few studies have examined the optimal 

duration, intensity, and sustainability of mindfulness practice for cognitive outcomes 

in older adults, an important gap in the literature to be addressed. 

Measurement variation was a methodological issue common to both chapters 

– albeit in different ways – that may have impacted findings. In Ch2, objective 

cognitive function was assessed using a variety of neuropsychological tests across 

the studies included in systematic review and meta-analysis. While this approach 

allowed for meta-analysis by pooling similarly defined outcomes, some 

heterogeneity was unavoidable because definitions of cognitive domains and their 

corresponding measures varied across included studies (detailed in Ch2, 2.7). 

Similarly in Ch3 (mentioned in section 3.7.1), SCF was assessed using the McNair 
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Cognitive Difficulties Scale, while other studies on SCD have used different 

measures, including the Cognitive Change Index, memory complaint questionnaires, 

and sometimes selected items from mood inventories. This issue complicates future 

study replication and comparison between our study and others. SCF measurement 

heterogeneity has been highlighted recently, with emphasise on further standardising 

SCF assessment in SCD in the future (Munro et al., 2023).  

Subjective measurement of both sleep and cognitive function was used across 

chapters, as well as subjective trait mindfulness in Ch3. While such measures are 

useful, it is important to highlight that they can be more easily biased and 

confounded with extraneous variables than objective measures. Sleep quality was 

assessed using the PSQI (Buysse et al., 1989) across both studies in this thesis. It is a 

well-validated subjective measure and is widely used in research on sleep and ageing 

(Fabbri et al., 2021), but there is mixed evidence as to how closely it corresponds to 

objective sleep quality. Research has shown that subjective and objective sleep 

measures often do not correlate strongly (Cudney et al., 2022) (See Ch3, 3.7). 

Similarly, SCF lacks consistent association to objective neuropsychological tests, 

and it is not fully clear if it represents psychological issues, personality differences, 

or early neurodegeneration (Molinuevo et al., 2017). Trait mindfulness, as 

established, overlaps with “big five” personality traits (Hanley & Garland, 2017). 

The possibility of unconscious biases, confounding, and social desirability should 

always be highlighted when interpreting subjective outcomes (Van de Mortel, 2008). 

 

4.7 Limitations 

There are limitations to be considered when interpreting this thesis’ findings 

and their implications. Limitations specific to each chapter are discussed in Ch2 
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(2.9.1) and Ch3 (3.7.1). The following discusses limitations common to both 

chapters. The samples examined in Ch2 and Ch3 were predominantly white, well-

educated, and from Western countries, limiting generalisability to more a diverse set 

of populations. Cultural factors may influence both the acceptability and 

effectiveness of MBIs, as mindfulness practices originate from Eastern 

contemplative traditions and may be received differently in various cultural contexts 

(Anālayo, 2019; Karl et al., 2022). The relationship between mindfulness and 

subjective cognitive outcomes may also vary across cultural groups due to 

differences in how cognitive changes are perceived and the meaning attributed to 

cognitive change in different cultures (Rodríguez et al., 2021). Future research 

should strive to include more culturally diverse samples to understand whether 

findings generalise broadly (Munro et al., 2023). 

Follow-up time measurements were lacking in studies included in the 

systematic review in Ch2. Follow-ups are particularly important when investigating 

MBI effects on healthy older adults’ cognitive function, as continued mindfulness 

practice appears more likely to lead to cognitive benefits (Kurth et al., 2017). 

Follow-ups could have given insight into whether MBI prevents expected declines in 

normal cognitive trajectories for older adults, as well as possibly lowering risk of 

healthy older adults progressing to MCI (Salthouse, 2019). There was one follow-up 

in Ch3 data, which allowed for temporally ordered mediation, and analysis of 

variance over time between groups. Yet, further follow-ups would have been useful 

for assessing longer cognitive trajectories and observing progression (MCI, 

dementia) rates. 

The measure of SCF used to assess severity of SCD in Ch3, and objective 

cognitive outcomes in Ch2, both had differing limitations but appear to have similar 
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solutions (using neural/brain measures alongside or instead of such measures). We 

were limited in that the SCD-Well trial data we had access to did not include 

biomarker assessment, neuroimaging, personality traits, or genetic factors, making it 

impossible to distinguish SCD severity based on these factors. These confounding 

variables may have influenced findings. Personality traits, particularly neuroticism 

and conscientiousness, are associated with both mindfulness (Hanley, 2016) and 

SCD (Aschwanden et al., 2022), and may confound relationships between these 

variables if not controlled for. If personality differences had been accounted for in 

Ch2, it may also have provided insight into personality profiles that MBI is 

most/least effective in. Other confounders might include lifestyle factors like diet, 

physical activity, cognitive engagement, and substance use, which all influence 

cognitive ageing (Livingston et al., 2024) and were not systematically controlled 

across studies in the thesis. 

Finally, some of the methodological considerations discussed previously limit 

interpretations of findings. The reliance on a subjective measure of sleep quality may 

have missed important effects on sleep architecture or circadian rhythms that could 

be detected by objective measurement. The limitations of objective cognitive tests 

for measuring subtle cognitive or neural changes in unimpaired populations may 

have limited us in detecting change in cognitive function in Ch2. It was beyond the 

scope and feasibility of the studies in this thesis to incorporate multiple measurement 

types (e.g., including or controlling for objective cognition and sleep quality, 

subjective cognitive and sleep measures, neuroimaging, and psychological and 

personality measures) and longer follow-ups.  
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4.8 Future Research Directions 

Based on the findings and limitations of this thesis, recommendations for 

future research that would advance understanding of mindfulness effects on 

cognitive ageing emerged. In future, longer RCTs and/or extended follow-up periods 

that assess engagement with mindfulness practice post-intervention are needed. This 

was a recurring recommendation across the thesis, which would help determine 

whether MBI influences late-life cognitive trajectories and risk of progression to 

MCI and dementia differently or better than control interventions. This would allow 

researchers to determine whether MBI prevents or delays cognitive decline rather 

than producing immediate cognitive performance gains, and to examine relationships 

between extent of mindfulness practice, changes in trait mindfulness, and long-term 

cognitive outcomes. In the context of prevention, research focusing on whether 

mindfulness variables (e.g., frequency of meditation, types of meditation, span and 

continuity of mindfulness practice, trait mindfulness levels, MBI) promote or 

contribute to cognitive reserve would be valuable. Future studies should also 

consider socio-cultural and environmental factors that may influence cognitive 

reserve, cognitive decline, trait mindfulness, and MBI engagement and efficacy, such 

as geographical location, cultural attitudes towards mindfulness and cognitive 

difficulties, socioeconomic status, urbanisation levels, exposure to neurotoxic 

environments. 

In shorter or longer-term studies, use of neuroimaging outcomes with 

objective and subjective cognitive measures in future work came up repeatedly. This 

would help advance understanding of mindfulness neural mechanisms, such as 

examining the proposed mechanisms in MAT (attention monitoring and acceptance) 

and their neural correlates. Enough studies exist to show that long-term mindfulness 
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practice and high trait mindfulness correlate with better brain health in older adults – 

to build on this and clarify causation, longitudinal studies with the same 

neuroimaging outcomes (brain structural and functional measures) are necessary.  

If an aim for reducing dementia risk is earlier intervention with greater 

possibility to impact cognitive trajectories, as Livingston et al. (2024) encourage, 

MBI may be best investigated when cognition is still intact, with the aim of 

integrating mindfulness practice into daily living post-intervention (Kurth et al., 

2017). However, while patterns of neural and broader brain effects from mindfulness 

are becoming clearer, there is not yet full consensus of the varying neural effects 

from different types of mindfulness practices in different older adult profiles 

(Acevedo et al., 2016; Calderone et al., 2024; Marciniak et al., 2014; Sezer et al., 

2022). Research progress in this area will greatly help in informing MBI protocols 

and frequency of practice guidelines for specific neural and cognitive profiles in 

older adults. Finally, combining neuroimaging measurement with subjective 

cognitive measures would allow researchers to further substantiate the idea that poor 

SCF is a sensitive indicator of incipient neuropathology (Kuhn et al., 2025; Stewart, 

2012). 

Disentangling effects of social engagement and social support from MBI-

specific effects will be important for future research. The group-based format of MBI 

and controls may have produced benefits through social engagement/support that 

were independent of intervention content. Comparing group-based MBI to individual 

MBI delivered in one-on-one sessions would isolate effects of mindfulness from 

social elements in group MBI, but may come with feasibility and comparison issues. 

Comparing group-based MBI to social engagement control groups that meet socially 

for equivalent time but without specific intervention content would similarly isolate 
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intervention-specific effects and may be a more feasible design to undertake. 

Measuring changes in social isolation and social support, as well as trait mindfulness 

change, as potential mediators of intervention effects would further help clarify 

mechanisms of MBI. 

 

4.9 Implications & Conclusion 

Overall, our findings suggest that mindfulness may influence cognitive health 

in unimpaired older adults through complex, indirect pathways rather than through 

direct enhancement of cognitive performance after 8-weeks mindfulness practice. 

Sleep quality represents one important pathway, given its response to MBI in Ch2 

and its established importance for brain health and cognitive function in ageing. 

However, as sleep quality did not mediate effects of MBI on SCF in the SCD sample 

who had overall good sleep quality, MBI may be most useful in older populations 

with moderate-severe sleep problems. We also conclude that DMN function may 

represent a unifying neural link between mindfulness, sleep, and cognitive ageing, 

warranting investigation in future research employing neuroimaging methods. 

Despite the mixed findings, this thesis has some important clinical and 

practical implications for supporting cognitive health in older adults. MBI 

significantly improving sleep quality in healthy older adults with sleep difficulties 

has direct clinical relevance. Sleep quality is associated with numerous health 

outcomes including cardiovascular health, mental health, pain, quality of life, and 

risk of future cognitive decline and dementia (McCall & Watson, 2021). Given the 

high prevalence of sleep problems in older adults (Gildner et al., 2014) and the 

limitations and potential adverse effects of pharmacological sleep treatments (De 
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Crescenzo et al., 2022), MBI represents a valuable non-pharmacological option for 

improving sleep in this population. 

The unique association between trait mindfulness and SCF suggests that 

promoting trait mindfulness may be particularly beneficial for older adults with 

SCD, although it is unclear if 8-week MBI is the optimal method for achieving this 

over psychoeducation. Even in the absence of objective cognitive impairment, poor 

SCF (high level of concern about cognitive decline) can cause significant distress, 

impact quality of life, and may lead to increased anxiety and/or depression (Jessen et 

al., 2020). Because of the co-morbidities observed in SCD (namely anxiety and 

depression), multicomponent interventions that have demonstrated efficacy in these 

areas, such as MBI, are recommended over single-component interventions 

(Mohanty & Kumar, 2022). Additionally, by potentially interrupting the pathway 

from heightened worry to increased risk of dementia (Verfaillie et al., 2019), 

mindfulness may serve a neuroprotective role even if direct effects on cognitive 

function are not immediately evident. 

The equivalence of MBI and psychoeducation in producing improvements in 

SCF in Ch3 suggests that both approaches may be effective clinical options for 

supporting the wellbeing of older adults with SCD, and further, potentially reducing 

their risk of progressing to objective cognitive decline. Psychoeducation 

interventions are potentially easier to implement in clinical settings because they do 

not require instructors trained in mindfulness teaching, and they may be more 

culturally acceptable to some populations. Healthcare systems and memory clinics 

working with older adults with SCD might consider offering both MBI and 

psychoeducation options, allowing patients to select the approach that best fits their 
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preferences and values, while including the information that MBI may have distinct 

neuroprotective benefits. 

In conclusion, this thesis contributes to the growing body of evidence 

examining mindfulness as a non-pharmacological approach to supporting healthy 

cognitive ageing. While direct effects of 8-week MBI on cognitive function in 

unimpaired older adults were insignificant, benefits for sleep quality in those 

suffering from sleep issues, and associations between trait mindfulness and SCF 

suggest that mindfulness may support cognitive health through different pathways. 

As populations age globally and the prevalence of cognitive decline and dementia 

increases, identifying effective and accessible interventions to support brain health in 

later life remains a critical public health priority. MBIs represent one promising 

approach worthy of continued investigation, particularly in studies that can address 

the methodological limitations and study design gaps identified in this thesis. The 

potential for increased trait mindfulness to prevent cognitive decline and/or promote 

cognitive reserve through improved sleep quality and neuroprotection, rather than 

enhance cognitive performance in healthy individuals, may be its most important 

benefit in the context of cognitive ageing. Longitudinal research utilising 

neuroimaging and examining trait mindfulness change from MBI is essential for 

fully understanding its role in healthy cognitive ageing. However, the studies in this 

thesis did contribute to the current literature. Meta-analytic evidence showed MBI 

improves sleep quality in healthy older adults with subclinical sleep issues, and MBI 

was shown to be as effective for improving SCF as psychoeducation in older adults 

with SCD. Trait mindfulness was uniquely associated with better SCF, indicating it 

may protect against SCD progressing to cognitive impairment. 
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Appendix A – Search Strategy  
  

Search Terms: (Filter: 10 years)  

Keywords (intervention/exposure): “mindfulness-based intervention” OR “MBI” OR 

“MBSR” OR “MBCT” OR “mindfulness” OR “mindfulness-based stress reduction” 

OR “mindfulness-based cognitive therapy” OR “meditation”,   

AND (population of interest): “healthy elderly” OR “elderly” OR “older adults” OR 

“old adults” OR “ageing” OR “cognitive ageing” OR “cognitively healthy older 

adults”.   

AND/OR (cognitive function): “cognition”, “cognitive function”, “cognitive 

performance”, “cognitive abilities”.  

AND/OR (sleep quality): “sleep”, “sleep quality”.  

  

Other Sources  

Reference lists of review articles, included studies, authors’ own files and Google 

scholar.  
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Appendix B – Excluded Studies Table  

  
Participants: include studies where authors have reported the sample as older adults, 

and mean age exceeds 60. However, if the age range goes below 55 the study should be 

excluded. Exclude studies where the participants have a clinical diagnosis of mild cognitive 

impairment or worse. Exclude studies if participants have clinical diagnosis 

of depression/anxiety/mental illness. 

  

Intervention: The intervention should be based on MBSR/MBCT, or use similar 

mindfulness practices. Studies that implement interventions that do not teach any form of 

yoga/mindful movement and are shorter than 6 weeks should be excluded. Group sizes 

should be min. 10. Must have control group.  
 

Excluded Text  Reason for Exclusion  

Brisbon 2017  Age range 34+   

Fountain-Zaragoza 2016  Cross sectional – unsure where RCT data is taken from  

Fiocco 2015  Cross sectional   

Gard 2014  Average age <60  

Gross 2011  Age 18-65  

Haddad 2019  Secondary analysis of Wetherell (2017), duplicate data   

Huang 2019  Pre-post and no neuropsychological tests  

Wahbeh (2016)  Feasibility study, pre-post, <10 participants in each group  

Klee (2020)  Some self-report questionnaires were taken by 
participants but not recorded here (PSQI was one of 
them). However, age range was 50-85, despite average 
age being 60.   

Mallya 2019  Participants are carers aged 50+  

Foulk 2014  Exploratory pre-post design; no control  

Lenze 2014  Cognitive dysfunction   

Moynihan 2010  Abstract a duplicate of 2013 included study  

Prakash 2013  Correlational   

Visser 2014  Cross-sectional secondary analysis of Moynihan 
(2013) data  

Tam 2017  Intervention not based in MBSR, only 2 weeks long  

Sun 2013  Intervention not appropriate, not based on MBSR 

Wetherell 2017  Participants had clinical levels of anxiety or depression.  

Wetherell 2020  Pilot data from 1 of the intervention groups of the RCT 
(non-randomised)  

Isbel (2019)  MBI differs too much from MBSR – missing 
key component of mindful movement/hatha yoga. Focus 
is on EEG data.  

Isbel (2020)  MBI differs too much from MBSR – missing 
key component of mindful movement/hatha yoga. Focus 
is on EEG data.  

Malinowski (2017)  No yoga/mindful movement in MBI and participants were 
asked to practice mindfulness min. 10 minutes per day, 
5 days a week, less than asked in MBSR, and group 
sessions were not weekly. Cognitive status of 
participants unclear.  
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Zhang (2015)  Exclusion for cognitive status was dementia, so individuals 
with MCI could have been included. Didn’t use any yoga.  

Gothe (2016)  Only used hatha yoga and no other form of mindfulness 
practice, so deviates too much from MBSR/MBCT  
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Appendix C – Included Studies Table  

 

Table  

Characteristics of studies included in the systematic review 
Author (year) 

Country 

Intervention/ 

control 

Methods  Participant

s 

% 

Femal

e 

Outcomes of 

interest 

Notes 

        

Black et al. 

(2015)  

California, 

USA 

Mindfulness 

Awareness 

Practices vs. 

Sleep Education 

Hygiene 

Single-site, 

parallel-group 

RCT 

 

Weekly 2 hour 

mindfulness 

sessions for 6 

weeks. Daily 

home practice. 

 

Inclusion required 

>23 MMSE score 

and no current 

meditation 

practice 

 

 

 EG: 24  

 

CG: 25 

  

Age: >55, 

M=66.3. 

SD=7.4 

67% Sleep Quality 

(PSQI)a 

 
 

Mindfulness 

group also 

showed 

significant 

improvement 

relative to sleep 

education 

group on 

secondary 

health 

outcomes of 

insomnia 

symptoms, 

depression 

symptoms, 

fatigue 

interference, 

and fatigue 

severity. 

Gallegos et al. 

(2016)  

New York, 

USA 

MBSR vs. 

Waitlist control 

Secondary 

analysis from 

RCT of MBSR 

Program 

(Moynihan, 

2013) 

 

Weekly 2 hour 

mindfulness 

sessions for 8 

weeks. Daily 

home practice. 

One “all-day” 7 

hour retreat. 

 

Inclusion required 

>24 MMSE score 

 EG: 100 

 

CG: 100  

 

Age: >63, 

M=72.5 

SD=6.7 

62% Sleep Quality 

(PSQI)a 

 
 

Among 

participants 

with baseline 

PSQI score > 5, 

mean PSQI 

score decreased 

2.2 points from 

baseline to 

post-treatment 

for the MBSR 

group and .58 

points for 

control group. 

 

Among 

participants 

with baseline ≥ 

10 PSQI, mean 

PSQI score 

decreased 3.9 

points from 

baseline to 

follow-up for 

the MBSR 

group and .6 

points in the 

control group. 
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Mallya & 

Fiocco (2016) 

Toronto, 

Canada  

MBSR 

(altered) vs. 

Reading & 

Relaxation 

RCT  

 

Weekly 2.5 hour 

mindfulness 

sessions for 8 

weeks and daily 

home practice. 

No retreat. 

 

Excluded if any 

medical/psychiatri

c conditions that 

might 

significantly 

affect cognitive 

performance, such 

as a 

neurodegenerative 

disorder, recently 

diagnosed 

psychopathology, 

stroke, or 

diabetes. 

 EG: 57  

 

CG: 40 

 

Age: >60, 

M=69.26, 

SD=4.75 

74% Overall Cog. 

Function 

(MMSE)c 

 

Executive 

Function (Trail 

Making Tests 

A+B)c 

 

Verbal Fluency 

(Controlled Oral 

Word Association 

Task)c 

 

Verbal Memory 

(California 

Verbal Learning 

Test-Long Delay 

Free Recall)c 

 
 

 

Moynihan 

(2013)  

Virginia, 

USA 

MBSR vs. 

Waitlist Control 

RCT  

 

Weekly 2 hour 

mindfulness 

sessions for 8 

weeks. Daily 

home practice. 

One “all-day” 7 

hour retreat. 

 

Inclusion required 

>24 MMSE score 

 

 

 EG: 100  

 

CG: 101 

 

Age: >63, 

M=73.45, 

SD= 6.7 

62%  

 

Executive 

Function (Trail 

Making Test B/A 

ratio)a 

Also found 

significant 

rightward 

frontal alpha 

activation after 

MBI. 

Smart et al. 

(2016) 

British 

Columbia, 

Canada 

Mindfulness 

Training vs. 

Psychoeducatio

n, groups split 

further between 

SCD and 

healthy controls 

Single-blind RCT 

 

Weekly 2 hour 

mindfulness 

sessions for 8 

weeks. Daily 

home practice. 

Based on MBSR. 

 

Inclusion required 

>25 MMSE score 

 EG: 19  

 

CG: 17 

 

Age: 65-

80, 

M=69.8, 

SD=3.52 

53%  

Cognitive 

Complaints Index 

(composite 

measure of 

selected items 

from Geriatric 

Depression Scale, 

Memory 

Complaints 

Questionnaire, 

and Metamemory 

in Adulthood 

Questionnaire) c 

 

Attention stability 

(Reaction time on 

go/nogo task) a 

Found robust 

changes in 

percent brain 

volume change 

between 

mindfulness 

training and 

psychoeducatio

n 
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Key: EG=experimental group, CG=control group, RCT=randomized controlled trial, 

MBSR=mindfulness-based stress reduction, FFMQ=five facet mindfulness questionnaire, 

MAAS=mindfulness attention awareness scale, MMSE=mini-mental state exam, M=mean, 

SD=standard deviation, a=Significantly greater improvement for training versus control, 

b=Significant training effects for experimental group from BL to PT; no significant effect for 

controls, c=No significant intervention difference between experimental and control groups. 

Bubb (2014)  

Pennsylvania, 

USA 

MBSR 

(altered) vs. 

Waitlist 

control and 

Mind 

Aerobics 

RCT  

 

Weekly 2.5 hour 

mindfulness 

sessions for 8 

weeks and daily 

home practice. 

Unclear whether 

there was a 

retreat. 

 

Inclusion required 

>26 MMSE score 

 

 MBSR 

group: 15 

MBSR 

waitlist: 17   

 

Mind 

Aerobics 

group: 22 

Mind 

Aerobics 

waitlist: 16 

  

Age: >60, 

M=82.37 

SD=6.71 

84% Executive 

Function/Attentio

n (Trail Making 

Test, Stroop, 

ANT)c 

 

General 

Cognition 

Compositec 

 

Working Memory 

(WAIS-IV)c 

 

Verbal 

Compositec 

 

Processing Speed 

(Cancellation 

Time 

Composite)c 

 

Sevinc et al. 

(2021) 

Massachusett

s, USA 

Mindfulnes

s Training 

vs 

Cognitive 

fitness 

control 

RCT 

 

Weekly meetings 

lasted 1 h: 45 min 

meditation 

practice and 15 

min of check-in, 

practice 

instruction, and 

Q&A. 45 mins 

daily home 

practice with 

guided audio. No 

retreat. 

 

Inclusion required 

>27 MMSE 

 

 MBSR 

group: 72 

 

Cognitive 

fitness 

training: 

74 

 

Age: 65-

80, 

M=70.6 

SD=4.2 

54.5% Preclinical 

Alzheimer 

Cognitive 

Composite 

(PACC) b 

 

Free Recall (Free 

and Cued 

Selective 

Reminding Test)  

b 

 

Delayed Recall 

(Logical Memory 

IIa subtest from 

the Wechsler 

Memory Scale) b 

 

Executive 

Function (Digit 

Symbol 

Substitution Test 

from the 

Wechsler Adult 

Intelligence 

Scale) c 

 

Global cognition 

(MMSE) c 

 

Sleep quality 

(PSQI) c 

Greater 

improvement in 

the MBI group 

on the PACC 

was associated 

with a larger 

unique increase 

in intrinsic 

connectivity 

between the 

right 

hippocampus 

and 

posteromedial 

cortex and 

between the left 

hippocampus 

and lateral 

parietal cortex. 
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Chapter 3 Appendix 

Appendix D.........................................................Histogram of CDS scores at baseline 

Appendix E...............................................Assumption Checks for Mediation Analysis 
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Appendix G.......................................................Mediation Analysis PROCESS Output 

 

Appendix D 

Figure 

Histogram of CDS scores at Baseline 
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Appendix E 

Figures 

Assumption Checks for Mediation Analysis  
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Residuals Scatterplot 
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Appendix F 

Table  

Correlation Matrix of variables in Mediation Analysis 

Note. Int = Intervention; Educ = Years of Education; PSQI1, P1 = Pittsburgh Sleep 

Quality Index post-intervention; CDS0, C0 = McNair Cognitive Difficulties Scale 

baseline; CDS2, C2 = McNair Cognitive Difficulties Scale follow-up; MDRS0, M0 

= Mattis Dementia Rating Scale baseline; FFMQ0, F0 = Five Facet Mindfulness 

Questionnaire baseline. * Correlation is significant at the 0.05 level (2-

tailed). ** Correlation is significant (2-tailed).  

Scale Int Sex Educ  Age P1 C0 C2 F0 M0 Lyon Cologne Barca 

Int  1 

Sex  -.01 1 

Educ  .07 -.20* 1 

Age  -.09 -.06 -.08 1 

PSQI1  .07 .13 -.21* .24** 1 

CDS0  .07 .08 -.25** .22** .38** 1 

CDS2  .06 .00 -.19* .25** .35** .82** 1 

FFMQ0  -.05 -.15 .25** -.05 -.12 -.41** -.41** 1 

MDRS0  .13 .06 .25** -.32** -.05 -.12 -.20* .15 1 

Lyon  .00 .32** -.03 .04 .01 -.06 -.10 -.17* .17* 1 

Cologne  -.01 -.10 .10 -.08 -.01 -.12 -.04 .17* .18* -.37** 1  

Barca  .00 .04 .02 -.08 -.05 -.02 -.09 -.03 -.05 -.37** -.37** 1 
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Appendix G 

 

Mediation Analysis Output  

***************** PROCESS Procedure for SPSS Version 4.2 

*****************   

   

          Written by Andrew F. Hayes, Ph.D.       www.afhayes.com   

    Documentation available in Hayes (2022). www.guilford.com/p/hayes3   

   

********************************************************************

******   

Model  : 4   

    Y  : CDS2   

    X  : Int   

    M  : PSQI1   

   

Covariates:   

 Sex      Educ     Age      MDRS0    FFMQ0    CDS0     Lyon     Cologne  Barca   

   

Sample   

Size:  147   

   

********************************************************************

******   

OUTCOME VARIABLE:   

 PSQI1   

   

Model Summary   

          R       R-sq        MSE          F        df1        df2          p   

        .45        .20      10.76       3.47      10.00     136.00        .00   

   

Model   

              coeff         se          t          p       LLCI       ULCI   

constant     -12.24      13.38       -.91        .36     -38.71      14.22   

Int             .45        .55        .81        .42       -.64       1.54   

Sex             .75        .64       1.17        .24       -.52       2.01   

Educ           -.13        .08      -1.55        .12       -.29        .03   

Age             .10        .04       2.29        .02        .01        .19   

MDRS0           .05        .09        .60        .55       -.12        .23   

FFMQ0           .03        .04        .66        .51       -.06        .12   

CDS0            .06        .02       3.55        .00        .02        .09   

Lyon           -.09        .98       -.09        .93      -2.03       1.85   

Cologne         .33        .90        .36        .72      -1.46       2.11   

Barca          -.13        .88       -.14        .89      -1.87       1.61   

   

Standardized coefficients   

             coeff   

Int            .13   

Sex            .10   
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Educ          -.13   

Age            .19   

MDRS0          .06   

FFMQ0          .06   

CDS0           .32   

Lyon          -.01   

Cologne        .04   

Barca         -.02   

   

********************************************************************

******   

OUTCOME VARIABLE:   

 CDS2   

   

Model Summary   

          R       R-sq        MSE          F        df1        df2          p   

        .83        .68     156.03      26.17      11.00     135.00        .00   

   

Model   

              coeff         se          t          p       LLCI       ULCI   

constant      72.59      51.12       1.42        .16     -28.51     173.69   

Int             .80       2.10        .38        .71      -3.36       4.95   

PSQI1          -.11        .33       -.33        .74       -.75        .54   

Sex           -2.69       2.44      -1.10        .27      -7.51       2.14   

Educ           -.33        .31      -1.06        .29       -.95        .29   

Age             .31        .17       1.87        .06       -.02        .65   

MDRS0          -.38        .35      -1.11        .27      -1.07        .30   

FFMQ0          -.42        .17      -2.48        .01       -.75       -.08   

CDS0            .72        .06      11.54        .00        .60        .85   

Lyon          -3.11       3.73       -.83        .41     -10.49       4.28   

Cologne        -.25       3.44       -.07        .94      -7.06       6.55   

Barca         -1.92       3.35       -.57        .57      -8.55       4.70   

   

Standardized coefficients   

             coeff   

Int            .04   

PSQI1         -.02   

Sex           -.06   

Educ          -.06   

Age            .10   

MDRS0         -.06   

FFMQ0         -.14   

CDS0           .70   

Lyon          -.07   

Cologne       -.01   

Barca         -.04   

   

************************** TOTAL EFFECT MODEL 

****************************   

OUTCOME VARIABLE:   
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 CDS2   

   

Model Summary   

          R       R-sq        MSE          F        df1        df2          p   

        .82        .68     155.01      28.96      10.00     136.00        .00   

   

Model   

              coeff         se          t          p       LLCI       ULCI   

constant      73.92      50.80       1.46        .15     -26.53     174.38   

Int             .75       2.09        .36        .72      -3.39       4.88   

Sex           -2.77       2.42      -1.14        .25      -7.55       2.02   

Educ           -.32        .31      -1.03        .30       -.93        .29   

Age             .30        .16       1.84        .07       -.02        .63   

MDRS0          -.39        .34      -1.13        .26      -1.07        .29   

FFMQ0          -.42        .17      -2.51        .01       -.75       -.09   

CDS0            .72        .06      12.00        .00        .60        .84   

Lyon          -3.10       3.72       -.83        .41     -10.46       4.26   

Cologne        -.29       3.43       -.08        .93      -7.07       6.49   

Barca         -1.91       3.34       -.57        .57      -8.52       4.70   

   

Standardized coefficients   

             coeff   

Int            .04   

Sex           -.06   

Educ          -.05   

Age            .10   

MDRS0         -.07   

FFMQ0         -.14   

CDS0           .69   

Lyon          -.07   

Cologne       -.01   

Barca         -.04   

   

   

************** TOTAL, DIRECT, AND INDIRECT EFFECTS OF X ON Y 

**************   

   

Total effect of X on Y   

     Effect         se          t          p       LLCI       ULCI       c_ps   

        .75       2.09        .36        .72      -3.39       4.88        .04   

   

Direct effect of X on Y   

     Effect         se          t          p       LLCI       ULCI      c'_ps   

        .80       2.10        .38        .71      -3.36       4.95        .04   

   

Indirect effect(s) of X on Y:   

          Effect     BootSE   BootLLCI   BootULCI   

PSQI1       -.05        .28       -.64        .55   

   

Partially standardized indirect effect(s) of X on Y:   
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          Effect     BootSE   BootLLCI   BootULCI   

PSQI1        .00        .01       -.03        .03   

   

*********************** ANALYSIS NOTES AND ERRORS 

************************   

   

Level of confidence for all confidence intervals in output:   

  95.0000   

   

Number of bootstrap samples for percentile bootstrap confidence intervals:   

  5000   

   

NOTE: Standardized coefficients for dichotomous or multicategorical X are in   

      partially standardized form.   

   

------ END MATRIX -----   

 

 

 

 

 

 

 

 

 

 

 

 

 

 


