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Abstract
As the population ages, concerns around age-related conditions such as dementia rise. Characterised by severe
cognitive impairment and thus significant reductions in cognitive functioning, beginnings of dementia can present in
midlife and cause considerable challenges such as reduced functionality. The aim of the present study was to better

understand the factors affecting cognitive functioning to inform a preventative focus.

The present cross-sectional study investigated relationships between socioeconomic status (represented by education,
income, current occupational status, and a composite variable) and cognitive functioning (measured using the ‘Kiwi’
Addenbrooke’s Cognitive Examination-Revised). This was assessed alongside sex and lifestyle-based modifiable
risk (measured using a short-form Lifestyle for Brain Health (LIBRA) index). Data was sourced from the 2010 New
Zealand Longitudinal Study of Ageing (NZLSA) cohort and included a subset of participants who had undertaken
the voluntary cognitive assessments (N = 869, aged 48-75, 46.7% male, 26.4% Maori).

Preliminary analyses (Kruskal-Wallis and Mann-Whitney) indicated that lower education, lower income,
non-employment, male sex, and higher LIBRA tertile (indicative of a less brain healthy lifestyle) were associated
with lower cognitive functioning. However, hierarchical multiple regression modelling indicated that, once
controlling for covariates, only higher educational attainment (B = 1.48, 95% CI =[1.16, 1.80], p < 0.001), female
sex (B=1.26,95% CI =[0.62, 1.89], p < 0.001), and lower LIBRA scores (B =-0.53, 95% CI =[-0.84, -0.22], p <
0.001) (along with covariates of younger age and non-Maori ethnicity) remained independently related to higher
cognitive functioning. While the main-effects model explained 19% of variance, interaction terms testing moderation

between independent variables were insignificant and unable to improve model fit.

Findings suggest independent variables of education, sex, and lifestyle-based modifiable risk (LIBRA scores) all
predict cognitive functioning individually, but not interactively. Thus, suggesting parallel and independent pathways
of influences. Strategies to increase brain health should therefore support targeted interventions that address each
factor directly and independently for healthier cognitive functioning. Future studies incorporating longitudinal data
that utilises the full 12 factor LIBRA scale may be able to reveal more nuanced interactions and identify those most

vulnerable.
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Chapter One: Introduction and Overview
This chapter will serve as an introduction and provide background for the present thesis. It will appraise the
research concerning the current population in Aotearoa, New Zealand, provide discussion on the significant public
health concerns of dementia, and also delve into an introduction of factors that may affect cognitive functioning

within these populations.

A Global and Local Overview of the Ageing Population

The ‘Silver Tsunami’ and the ‘greying population’ are both terms that refer to the phenomenon of an ageing
population. Over the past decades, this phenomenon has been recognised by many, with statements that the global
population is experiencing a profound shift towards an older demographic (Dye et al., 2017; Gu et al., 2021; Pais et
al., 2020). It is characterised by a sharp growth in the population of older adults aged 65 years and older. On a global
scale, adults within this age group comprised 9.3% of the population in 2020, with expectancies of an increase to
15.9% by 2050 (Gu et al., 2021). The shift in proportions towards an older population is not just a coincidence but a
product of factors such as a declining fertility rate (Beard et al., 2016; Gu et al., 2021) and modern advancements in
public healthcare, and health technology (Gu et al., 2021). Overall, the changes in demographics signal a reshaping
of society and suggest the need for structures that are able to better respond to the shifts in population proportion
towards an older demographic.

Similar demographic trends are also apparent in Aotearoa, New Zealand (New Zealand), where over the
past decades, significant shifts in the number of older adults, have resulted in numbers close to doubling from 0.44
million in 1998 to 0.74 million in 2020 (Parr-Brownlie et al., 2020). Within New Zealand, the older adult
demographic accounts for approximately 15% of the population (Parr-Brownlie et al., 2020), thus reflecting global
trends. Average life expectancies within New Zealand have risen to 80.0 years and 83.5 years, respectively for males
and females (Statistics New Zealand, 2021). While this is an average of life expectancies across New Zealand, the
isolated life expectancies for Maori (73.4 and 77.1 years, respectively for males and females) and Pasifika (75.4 and
79.0 years, respectively for males and females) are significantly lower (Statistics New Zealand, 2021). However,
Maori life expectancy has now been steadily increasing (Dudley et al., 2019). Regardless, discrepancies between
ethnic life expectancies (Blakely et al., 2005; Statistics New Zealand, 2021) are a major issue and are considered the
result of health disparities and health inequities brought about through historical injustice, systemic racism, and
present-day experiences, among others (Parr-Brownlie et al., 2020). Thus, the challenges of an ageing population in
New Zealand are more than simply accommodating for larger numbers of older adults, but also about addressing

inequitable health trajectories.

Implications of an Ageing Population and Middle Age Being a Critical Period

The demographic shift has presented unique sets of challenges for the health and well-being of older adults
which need to be addressed. Although it may be a common misconception that living longer equates to better health
for an extended period, this is, in general, not the case (Beard et al., 2016). This is because, in spite of increasing life

expectancies, there is evidence to support increases in disability and disease burden among this population which



affects quality of life (Chatterji et al., 2015). Consequently, advancing age and decreases in mortality are associated
with decreases in functionality (Wood et al., 2005).

However, changes in functionality are not limited to older adults alone. The middle-aged adults, or adults
between the ages of 45 and 64, also play a significant role in this shift, particularly due to many of the early signs of
age-related changes and risk factors of health conditions being exhibited during this age period (Brown et al., 2020;
Chatterji et al., 2015). Thus, an intervention or an administration of preventative health measures directed towards
this group may result in significant and long-term outcomes. On the other hand, to visualise its necessity, although
people are living longer, they are not necessarily gaining healthier life years (Chatterji et al., 2015). Thus, without
taking preventative action, this age group could experience greater impairments at old-age than their predecessors

(Brown et al., 2020).

Dementia: A Public Health Concern

As the population continues to age, the prevalence of neurodegenerative diseases such as dementia is also
expected to rise (Takechi & Yoshino, 2023). This trend positions dementia as a significant public health concern,
especially given the absence of an effective cure (Deckers et al., 2019a; Deckers et al., 2021; Zhang et al., 2022a). A
point to note in the definition of dementia is its classification as an umbrella term. Thus, not every type of dementia
is categorised as Alzheimer’s disease (AD), however, AD is the most common type of dementia accounting for 60%
of all cases followed by vascular dementia (VD) which accounts for 24 to 48% of all cases (Cherubini et al., 2010;
Emrani & Sundermann, 2025; Mielke et al., 2014). Dementia is a condition consisting of symptoms such as decline
in memory, changes in language and behaviour, and is essentially a state of progressive cognitive impairment
(Cherubini et al., 2010). Therefore, people living with dementia become increasingly dependent on others for
maintaining activities of daily life (Cherubini et al., 2010; Dyall, 2014), which has implications for quality of life and
disability (Canavan & O’Donnell, 2022; Murman, 2015; Zhang et al., 2022b).

Dementia is often thought of as an issue that accompanies older age with a smaller portion (5%) of
individuals at age 65 diagnosed with AD compared to those aged 85 years and above (40%) (Murman, 2015).
However, the beginnings of dementia have been found to present themselves during midlife (Dyall, 2014). Within
New Zealand, rates of dementia have also been observed to vary across ethnic groups. In 2011, 4% and 1.9% of
those with a dementia diagnosis were those of Maori and Pasifika populations, respectively (Dyall, 2014). While
these figures may seem low, it is important to note that only 60% of individuals received a formal dementia diagnosis
(Dyall, 2014) which suggests potential underreporting. Almost a decade later, evidence also indicates that the most
disadvantaged i.e. those that have an earlier onset of dementia (i.e. < 65 years) are those of Maori (19%), Pacific
(18%) and Asian (16.8%) populations, respectively (Ma’u et al., 2021b). Thus, tackling these disparities and
developing dementia care strategies that are culturally sensitive is a must and a crucial step to mitigate the impact of
population ageing on the health and well-being of all New Zealanders. But first, to effectively combat dementia, it is
critical to build knowledge within the New Zealand setting by first identifying conditions (such as cognitive

impairment) that precede it, as well as the various factors that interact and affect its development.



Cognitive Functioning, Cognition Impairment, and its Implications

The decline in cognitive functioning is a common manifestation of older age but is also regarded as a
critical component to maintain healthy ageing (the ability to sustain functional ability, both physically and mentally)
(Beard et al., 2016). However, declines in cognitive functioning can begin from the age of 45 (Dye et al., 2017).
Significant declines in cognitive functioning, referred to as cognitive impairment, is considered to be a hallmark of
dementia (Roberts et al., 2010). In a systematic review conducted by Pais et al. (2020), it was found that cognitive
impairment affected between 5.1% to 41.0% of people, globally. Although this range is large, the study results are of
considerable importance due to the scarcity in reported prevalence of cognitive impairment, particularly within the
New Zealand context.

Cognitive Impairment and its consequences are regarded as critical health care issues, particularly
concerning the older population, and can include a reduced quality of life, loss of independence and lower life
expectancy (Blazer et al., 2015). Not only does cognitive impairment have consequences associated with the
individual such as a decreased quality of life, but, similarly to dementia, it has ripple effects on an individual’s
community (Blazer et al., 2015), along with costs associated with society (Takechi & Yoshino, 2023; Wang et al.,
2023) which include but are not limited to medical, social care and family caregiver costs (Takechi & Yoshino,
2023). Thus, understanding the trajectory of declining cognitive functioning before it gets categorised as severe
cognitive impairment and the associated changes that take place across the lifespan is a crucial process to develop
interventions that may slow this trajectory. Essentially, it is important to better understand the nature and risk factors
of lowered cognitive functioning due to its limited treatment options (Zhang et al., 2022a). Therefore, research
within this field is important for working towards dementia prevention and is particularly important within regions

such as New Zealand which consists of a large multicultural population.

Key Determinants of Cognitive Health

The pathways of cognitive health are complex. Biological mechanisms include oxidative stress (Deary et
al., 2009; Fillit et al., 2002), neuronal loss (Fillit et al., 2002), hormonal dysregulation, and decline in immune
function which are all possible core factors of cognitive decline (Deary et al., 2009). Genetic predispositions,
particularly the APOE e4 allele, is a strong risk factor impacting brain health (Deary et al., 2009; Hugo & Ganguli,
2014). Additionally, inflammation is another key pathway where higher systemic inflammatory indices are linked to
mild cognitive impairment (Mian et al., 2024). However, genetic and biological predispositions are only part of the
larger picture. Social conditions and lifestyle behaviours also play a role in shaping cognitive trajectories which
reflects the broader interaction and influence of social and environmental contexts on health outcomes. Accordingly,
the present study will predominantly focus on the modifiable and contextual determinants of cognitive health.
Specific factors include socioeconomic factors, sex, and lifestyle modifiable factors. Here, sex is conceptualised as a
biological component within a biopsychosocial framework, interacting with social and behavioural contexts to
influence cognitive outcomes. This approach recognises that while biology provides a foundation for individual

differences, cognitive health is also shaped by social and environmental conditions.



Socioeconomic Status

Socioeconomic status (SES) is widely recognised as an influential factor affecting various aspects of health
and well-being, including cognitive health (Dyall, 2014; Koster et al., 2005). SES can be understood to be a
multidimensional measure of an individual’s access to available resources (Wang et al., 2023; Zhang et al., 2015).
Constructs of SES are not limited to individual-level SES factors such as education, income, and occupational status
but can also include household income and area-based SES factors such as area-based socioeconomic deprivation
(Rohr et al., 2024a).

In New Zealand, SES disparities remain substantial. Known for its diverse population and socio-cultural
dynamics, these SES disparities may be due to several factors including social opportunity and are reflected in recent
statistics. According to recent national statistics, approximately 8.5% of New Zealand households faced material
hardship (i.e. poverty), while 36.1% of households stated their income to be barely sufficient to get by (Statistics
New Zealand, 2024). These statistics indicate that the current New Zealand SES landscape is characterised by a mix
of both affluence and poverty, but a large percentage of the population is disadvantaged and lives either on or below
the poverty line which reflect broader structural inequities. This positions investigation of SES factors within the

New Zealand landscape as a critical factor for brain health.

Sex

Sex has long been implicated to be a significant factor influencing aspects of health which includes
cognitive health (Subramaniapillai et al., 2021). From a biological perspective, sex related differences in cognition
may be partly attributed to hormones and their neural-preserving effects (Mielke et al., 2014; Subramaniapillai et al.,
2021). However, biological factors alone cannot fully explain sex based differences in cognitive outcomes. A
potential explanation of sex influences on health could be due to gender opportunities in economic resources. Current
and historical differences between gender opportunities are well documented. In past decades, gender opportunities
have risen, from women being unable to pursue much education to women in the present day overtaking men in
terms of education and representing a significant part of the workforce (Bertrand, 2020; Jatrana, 2021). These gender
opportunities can have implications for an individual’s SES which then has implications for health and wellbeing
(Jatrana, 2021; Stephens et al., 2022), including cognitive health (Hasselgren et al., 2020). Moreover, differences in
health behaviours such as smoking and drinking are also present across the two sexes (Maylor et al., 2007; Mielke et
al., 2014). Overall, differences across health behaviours can also contribute to cognitive health outcomes which

underscores the necessity for sex to be examined alongside other lifestyle factors.

Lifestyle-Based Modifiable factors

In recent decades, lifestyle modifiable factors have gained increasing attention as key determinants in
cognitive ageing. A wide range of modifiable behaviours have been identified as impacting cognitive functioning
(Deckers et al., 2015; Livingston et al., 2020) with the recognition that they play a pivotal role in modulating
cognitive outcomes across an individual’s lifespan (Mian et al., 2024). This provides recognition that cognitive

outcomes are shaped by more than just genetic predisposition. As the name suggests, the term ‘modifiable factors’



refers to aspects of lifestyle and behaviour which the individual has the ability to change or control to improve their
health outcomes. This is in contrast to genetic predispositions, which makes lifestyle modifiable factors central to
dementia prevention strategies. Modifiable factors can include but are not limited to the likes of diet, exercise,
obesity, smoking, and alcohol consumption (Deckers et al., 2015; Ng et al., 2020). Collectively, in addition to others,
modifiable factors form the basis of dementia prevention strategies by targeting risk that is changeable rather than
irreversible pathology. Both global and local evidence suggest that past genetics, modifiable risk factors can account
for significant proportions of dementia cases which indicates substantial space for prevention (Livingston et al.,

2020; Ma’u et al., 2021a).

Summary

Overall, evidence indicates that cognitive functioning is a critical factor in healthy ageing. However, it is a
multifactorial outcome that is shaped by more than primarily biological processes alone. Three primary determinants
have been introduced and reviewed as impacting cognitive functioning substantially and include SES, sex, and
lifestyle-based modifiable factors. Together these determinants can interact through a biopsychosocial framework
which provides a foundation for understanding how intersectional (social, biological, behavioural) mechanisms
shape cognitive health and dementia risk in the New Zealand population. By examining these factors collectively and
exploring their interactions, it is possible to identify factors that interact to produce lower cognitive functioning. This

can have implications for modifying dementia risk in vulnerable populations.



Chapter Two: Cognition
The following chapter will serve as an introduction to the topic of cognitive functioning and its
fundamentality within human life. It identifies the various aspects of cognitive functioning and how its loss can have

significant impacts. It also identifies cognitive functioning in the New Zealand context.

Cognition

Cognition is a fundamental aspect of being human. Although a difficult term to describe, it is said to include
both crystallized (familiar and overlearned skills and resources) and fluid intelligence (problem solving of resources
that are less-practiced and newer) and refers to an individual’s ability to acquire, process and utilise information
(Aajami et al., 2020; Harada et al., 2013). It is composed of various cognitive abilities/functions and domains such as
attention, processing speed, memory, executive cognitive functioning and reasoning, language, and visuospatial
abilities (Aajami et al., 2020; Blazer et al., 2015; Harada et al., 2013; Murman, 2015) and the sum of all cognitive
functions is referred to as ‘cognitive functioning’ (Griva & Newman, 2021).

While cognitive functioning and functional status are treated as distinct constructs, there appears to be an
association between cognitive ability and the capacity and ability to function (i.e. everyday activities) (Knight, 2000;
Wood et al., 2005). Functionality refers to both motor function and being able to carry out activities of living (ADL)
which include ‘bathing, feeding, dressing and motor performance and instrumental activities’ of daily living (IADL)
which includes daily activities such as ‘cooking, cleaning, finances, and shopping’ (Knight, 2000, p. 1460). A loss in
functionality has many implications, including the loss of independence which is categorised as a critical component
in healthy ageing (Aajami et al., 2020; Blazer et al., 2015; Murman, 2015). Thus, optimal functioning within these
domains is regarded as a crucial aspect of independent living, maintaining a good quality of life and the ability to

sustain cognitive health (Blazer et al., 2015; Deary et al., 2009).

Cognitive Ageing

With age, people experience declines across various cognitive domains, a process that is referred to as
‘cognitive ageing’ (Blazer et al., 2015; Deary et al., 2009; Whalley et al., 2004). For instance, with age, Murman
(2015) suggest most prominent changes occur across cognitive domains of attention, memory (reduced capacity for
new learning, working, and prospective memory), executive function (reduced problem-solving, planning, and
mental flexibility), language (reduced speech comprehension in certain settings i.e. background noise, and verbal
fluency), and visuospatial abilities (reduced spatial orientation, and copying complex visual tasks). The patterns of
changes across cognitive domains are not equal across all individuals and across all brain regions and many
individual factors take place (Deary et al., 2009; Harada et al., 2013; Murman, 2015). Although cognitive changes
naturally present themselves with age, the heterogeneous nature of the cognitive decline is due to differing biological
and psychological factors and illnesses (Harada et al., 2013). However, it is critical to note that the gradual changes
within cognitive functioning that take place with cognitive ageing differ from the cognition changes that are
associated with neurodegenerative conditions such as dementia (Blazer et al., 2015). The declines within mental

functions (such as, but not limited to, executive functioning and processing speed) (Deary et al., 2009), which can



occur with age, are due to changes in the brain such as decreases in brain size, loss of grey matter and white matter
volume, and neuronal loss (Murman, 2015). While many of these changes are also common in normal cognitive
ageing, significantly higher losses and changes are present in individuals with cognitive impairment compared to
individuals with cognitive ageing (Murman, 2015). Therefore, to a certain degree, a loss in cognitive functioning
across some cognitive functions is to be expected with age. However, as its extent is not uniform, there is a need to

understand other influences.

Cognitive Decline and Cognitive Impairment

Due to the multitude of factors impacting cognitive functioning and its gradual nature of decline with age, it
may be difficult to determine the exact age at which cognition peaks and after which age it begins to decline. A study
by Salthouse (2009), suggests that the peak age of cognitive functioning may be between the ages of 22-27 years,
after which there may be a gradual decrease. Salthouse (2009) further report the occurrence of several cognitive
changes (across domains of memory, processing speed, and visuospatial abilities) taking place before the age of 60.
Similar observations have also been made by Murman (2015), who suggest that declines in fluid abilities may start
from as young of an age as 20 and crystallised abilities may increase until the age of 60.

Cognitive decline is a broad term that ranges in its description. While it can include the general gradual
decrease in cognitive functioning associated with age, it also includes more severe cognitive debilitations of
neurodegenerative diseases such as dementia (Prakash & Jha, 2016). The term ‘cognitive impairment’, which is often
used interchangeably alongside cognitive decline, refers to the decline in cognitive functioning such as the loss in
memory and other decreases in abilities and cognitive function such as concentration and learning, greater than what
is expected across an individual’s age category (Liang et al., 2021; Pais et al., 2020). Cognitive impairment is a broad
category and can imply any level of cognitive functioning from mild cognitive impairment (MCI) (which may not be
noticeable in clinical evaluations) to severe cognitive impairment such as that observed in dementia (Pais et al.,
2020; Zhang et al., 2022b). Although those with MCI may not meet the diagnostic criteria for dementia, they still
function at a reduced cognitive quality beyond the expected range for normal cognitive ageing for their age group
(Blondell et al., 2014; Liang et al., 2021; Mian et al., 2024). However, due to the similarities in risk factors (Roberts
et al., 2010) and symptoms such as cognitive impairment being a core aspect, MCI can be difficult to distinguish
from AD (Mian et al., 2024).

Although not all individuals with MCI progress to dementia, the risk has been shown to be 10 times higher
(Zhang et al., 2022b) compared to those with normal cognitive functioning (Gauthier et al., 2006 as cited in Murman,
2015; Zhang et al., 2022b). Thus, it comes as no surprise that MCI is often referred to as a hallmark and the
prodromal step to dementia (Blondell et al., 2014; Mian et al., 2024; Murman, 2015; Prakash & Jha, 2016; Yoshida et
al., 2012), particularly due to the diagnosis of dementia as a state of severe cognitive impairment (Hugo & Ganguli,
2014). Due to this possible pathway it becomes crucial to investigate and recognise the factors that contribute to
earlier or more rapid decline in cognitive functioning during midlife or older adulthood. The recognition of risk
factors allows for early intervention which, in turn, could aid morbidity compression (Chatterji et al., 2015) and is

particularly important given the current unavailability of a pharmacological or non-pharmacological cure (Deckers et



al., 2019a; Deckers et al., 2021; Kumar et al., 2021 as cited in Canavan & O’Donnell, 2022; Hugo & Ganguli, 2014).
When the above evidence is taken together, it suggests the importance of detecting risk factors before the progression

into cognitive impairment. Thus, the importance of assessing factors impacting cognitive functioning.

Cognitive Functioning and Healthy Ageing

Having outlined the implications of cognitive decline and cognitive impairment, the focus now shifts to
understanding cognitive functioning in the context of healthy ageing as well as factors that can help maintain it.
Healthy ageing refers to the retention of functional ability (World Health Organisation, 2020). Aspects such as
‘accumulated knowledge’ including the likes of general knowledge and accumulated knowledge over the lifetime
(Salthouse, 2009) and vocabulary, have been shown to increase with age (Fillit et al., 2002; Prakash & Jha, 2016;
Salthouse, 2009). Essentially, aspects of crystallized intelligence (i.e. familiar skills and resources) are said to be
preserved while decreases within fluid intelligence (i.e. problem solving of newer resources) are observed with
progressing age (Murman, 2015; Prakash & Jha, 2016). Despite these trends, many individuals maintain relatively
stable cognitive functioning well into later life, with variability occurring as a result of individuals and contextual
factors such as cognitive reserve, education, and lifestyle (Whalley et al., 2004; Fillit et al., 2002; Prakash & Jha,
2016). Evidence to suggest the impact of contextual lifestyle factors and their role in cognitive functioning is present.

Protective factors for cognitive decline are also present and can include, but are not limited to, having a
higher synaptic reserve (Murman, 2015), ongoing learning, increased and continued social engagement (Fillit et al.,
2002), and being partnered (Feng et al., 2014; Larnyo et al., 2022; Liu et al., 2019; Sommerlad et al., 2018;
Sundstrom et al., 2015; Zhang et al., 2022b). Overall, these findings highlight that cognitive functioning is shaped by
more than biology alone. Therefore, while changes in some cognitive domains is a normal part of ageing, significant
decline is neither universal nor inevitable. Rather, cognitive impairment is a reflection of the need for multifactorial
approaches that can take place as preventative measures or to help manage an already present manifestation of
cognitive decline. This underscores the need for attention to both individual characteristics as well as lifestyle factors

that can be modified which will be explored further in the following sections.

Ageing and Wellbeing in the New Zealand Context

While the above global evidence highlights the importance of maintaining cognition with age, local research
underscores similar concerns within New Zealand. There have been many large scale longitudinal studies that
provide insight into ageing, its trajectories, and health disparities in New Zealand. Key longitudinal studies within
the New Zealand context (incorporating present cohorts comprised of older adults) include the Christchurch Health
and Development Study, Dunedin Multidisciplinary health and Development Study, LILACS NZ, and the New
Zealand Health, Work and Retirement Study (HWR), which includes sub-study’s such as the New Zealand
Longitudinal Study of Ageing (NZLSA), among others (Parr-Brownlie et al., 2020). These studies consist of
extensive datasets and have tracked participants across decades to examine aspects such as health, psychological
development, social factors (Parr-Brownlie et al., 2020) as well as inform studies that incorporate cognition as a

component of health and ageing (Dyall, 2014; Poulton et al., 2015; Stephens et al., 2014; Towers & Stevenson,



2014). They are of critical importance to understand the influences of various factors on aspects of health and ageing
within the unique New Zealand context.

To demonstrate how the New Zealand population differs, Stephens et al. (2014) compared cognitive
functioning in older adults from New Zealand and the United States by using nationally representative datasets (i.e.
NZLSA and the US Health and Retirement Study). Measurement of cognitive functioning occurred by using
subscales of vocabulary, numeracy, orientation, serial 7s, immediate recall, and delayed recall. Of the participants
(aged 49-84), 1,018 were drawn from the NZLSA dataset and 3,325 were drawn from the US Health and Retirement
Study. It was found that older adults within New Zealand scored significantly higher on overall cognitive measures
than those in the US. This translated to a percentage difference of 9% between the two national samples. Additional
results demonstrated factors such as education, depression, exercise, alcohol consumption, diabetes, and stroke to all
be significant predictors of cognitive functioning across both countries. However, these factors were only able to
explain a small proportion of the overall difference between the two populations. Furthermore, the above variables
included in the regression (in addition to age and sex) were able to collectively account for 14% of the total
differences in cognition scores. The observed protective effects (i.e. higher cognitive scores) suggests differences
within the New Zealand population compared to other populations. This highlights the importance of continued work
focusing on the local population.

Differences within New Zealand and other OECD countries (such as the United States) may include the
presence of a pension system and publicly funded cover for health and injury which have led to lowered old-age
poverty as well as reductions in SES disparities in basic access to services (Towers & Stevenson, 2014). This is due
to schemes such as the New Zealand Superannuation Fund, KiwiSaver, as well as establishing health strategies that
aim to cushion the future age-related spending while aiming to improve care (Towers & Stevenson, 2014). In this
setting, the income and cognition association may be attenuated in later life as compared to countries without
universal pension or health cover. However, inequalities such as socioeconomic disparities have not diminished
(Statistics New Zealand, 2024). Additionally, New Zealand also presents a distinctive gender landscape which places
New Zealand in the top 15 of countries in terms of gender equalities i.e. Gender Empowerment Measure (Jatrana,
2021). When these unique contexts are taken together, it makes New Zealand and the studies conducted within its
population especially valuable for generating evidence that is reflective of the realities and social structures of the
country. This can then lead to the generation of policies that are more context specific to the New Zealand
population.

Within this broader framework, New Zealand based studies have identified several determinants of
cognitive health. These determinants include, but are not limited to SES (Rohr et al., 2024a; Stephens et al., 2022),
modifiable factors (i.e. diabetes, depression, exercise) (Rohr et al., 2024b; Stephens et al., 2014), and even suggest
ethnicity to be a component (Dyall, 2014; Zawaly et al., 2021) which particularly plays a role in an earlier onset of
dementia (Ma’u et al., 2021b). Overall, the findings highlight that despite the protective factors within New Zealand,
there are disparities that continue to play a role in shaping cognitive outcomes. Accordingly, the following chapters

will explore some of these factors in more depth.



Additional Factors Affecting Brain Health

Ethnicity

Ethnicity has been identified as an important factor influencing cognitive health. However, its influences
can be both direct and indirect. Studies have shown ethnic disparities in cognition (Diaz-Venegas et al., 2016;
Schwartz et al., 2004) with education acting as a key protective factor that can mitigate these effects (Diaz-Venegas
et al., 2016).

In New Zealand, ethnicity is representative of a salient determinant of poorer health outcomes due to the
significant effects of colonisation as well as systemic inequities (Parr-Brownlie et al., 2020). Ethnicity is particularly
significant given the disparities in dementia such as earlier onset (Ma’u et al., 2021b) as well as an increase in
dementia rates due to increases in the Maori ageing population (Dudley et al., 2019). Furthermore, Zawaly et al.
(2019), have found that Maori had lower cut-off scores on cognitive screening measures which was suggested to be a
result of disparities in lower access to education and cultural bias. Given these factors, it is important to account for

ethnicity-related differences in the present study.

Marital Status

Marital status has also been identified as a significant social factor influencing cognitive health. This may
be as a result of protective effects through higher social engagement which could increase cognitive reserve
(Sommerlad et al., 2018). For instance, factors such as being partnered can be a significant protective factor. In a
study by Liu et al. (2019) which examined 7,508 older adults, those that were not partnered (i.e. divorced or
widowed) were at a significant risk of cognitive impairment across cognitive domains of memory and orientation.
Similar results have also been gained by Feng et al. (2014) which suggested a 2.5 times higher likelihood of lower
cognitive functioning (measured using the Mini-Mental State Examination) in those that were not partnered (i.e.
single) compared to those that were partnered (i.e. married). Data was gained through an analysis of 2,498
individuals above the age of 55 years who took part in the Singapore Longitudinal Aging Study. Additionally,
gendered effects were observed such that the risk of cognitive impairment was significantly higher in men that were
not partnered (5-6.2 times) compared to those that were. This effect was not observed in women. Across studies, the
advantages of being partnered have been suggested to be a result of positive economic impacts, social engagement,
and psychological pathways (i.e. lower anxiety and depression) (Feng et al., 2014; Liu et al., 2019; Sundstrom et al.,
2015). An additional factor within the association between marital status and higher cognitive functioning may also
be a result of the positive effects of marriage on health behaviours (Sommerlad et al., 2018; Sundstrém et al., 2015).

Overall, marital status reflects a key social determinant in shaping cognitive ageing trajectories.
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Chapter Three: Socioeconomic Status
This chapter will introduce the factor of socioeconomic status which is not easily modifiable. It will assess
its impact on cognitive functioning as well as additional factors influencing this relationship. Finally, it will also

introduce the theoretical underpinnings driving this potential association.

Socioeconomic status (SES) is considered to be a largely non-modifiable multifaceted construct consisting
of economic and educational indicators (Wang et al., 2023; Zhang et al., 2015) with each indicator essentially
reflecting an individual’s social position (Wang et al., 2023). Through these avenues, SES is able to structure lifetime
access to material and psychosocial resources, health care, and other opportunities for cognitive stimulation, all of
which can shape risk and resilience for cognitive outcomes including cognitive impairment and dementia in later life
(Dyall, 2014; Wang et al., 2023). There are many ways to conceptualise SES as it can operate across multiple levels
such as individual, household, and the community. While individual level indicators can capture personal
experiences and have been used extensively, other constructs of SES include area-based SES factors, such as
neighbourhood deprivation indices which can also provide additional insights on cognitive functioning (Rohr et al.,
2024a).

To understand the specific role of SES on an individual’s cognitive functioning, there is a need to consult
individual level theoretical frameworks that can provide insight into mechanisms and pathways. The Cognitive
Reserve Theory developed by Stern (2009) can be used to help understand how SES can influence cognition. This
hypothesises that those with higher cognitive ability, through factors such as higher education, and cognitively
complex work (Deary et al., 2009; Marioni et al., 2012; Whalley et al., 2004; Zhang, 2006), as well as childhood
intelligence are more likely to have lower risks of dementia (Deary et al., 2009; Whalley et al., 2004). Additionally,
Marioni et al. (2012) determined through a longitudinal analysis of just over 13,000 older adults that a higher
cognitive state through experiences across the lifespan and higher SES factors (such as education and occupation)
along with higher social engagement can be protective and buffering factors against declining cognitive functioning.
This occurs through the pathway of later onset for impairments which offers slightly better chances of cognitive
recovery (but also a higher mortality once the process of severe cognitive impairment has begun) (Marioni et al.,
2012). The work by Marioni et al. (2012) displays the critical role of a higher cognitive reserve in the delay of the
cognitive impairment trajectory. Thus, inter-individual differences present in cognitive reserves and baseline
cognitive ability can be determined as significant determinants in an individual’s ability to buffer against structural
brain changes and thus maintain cognitive functioning in later life (Deary et al., 2009).

In addition to the cognitive reserve theory, inequalities can also be understood through the Andersen
behaviour theoretical model (1973). Within this model, access to healthcare can be a result of predisposing factors
(such as age and education), the resources that they have (enabling factors such as income and access to services),
and how much they believe the need is (need factors like health issues and disability) (Andersen & Newman, 1973).
According to this, those with lower SES may have fewer resources but greater health needs and greater barriers to
care which can lead to poorer health outcomes. While the Andersen model offers a strong individual-level

framework, it is limited without the consideration of broader lifelong and structural determinants within communities

11



(McMaughan et al., 2020). Such structural determinants could include systemic inequities that are particularly
relevant in New Zealand.

A newer framework that extends the foundations of the Andersen model is the Social Determinants of
Health framework (World Health Organization, 2008). The Social Determinants of Health framework broadens the
focus beyond individual-level access to care and incorporates the wider social, economic, and environmental
conditions. The determinants which include education, gender, income, employment, housing etc. all shape the
distribution of health opportunities and risks (World Health Organization, 2008). Within this framework, SES as well
as other factors such as gender, is positioned as more than simply an individual attribute, but rather is a reflection of
broader structural systems and policies that can generate inequities in health outcomes. When applied to cognitive
functioning, this perspective is reflective of exposures to disadvantage and how they can interact to influence brain
health.

Together, the Cognitive Reserve theory, the Andersen behaviour theoretical model, and the Social
Determinants of Health framework suggest the influences of SES on cognition through both reserve-building
pathways (education and complexity of cognitive demands) as well as indirect care and risk pathways (material
resources and healthcare access). Building on these theoretical foundations, empirical studies have examined how
SES and its indicators relate to cognitive functioning. This is critical in order to understand the influence of SES as a

critical factor within cognitive functioning.

SES and Brain Health

Understanding how SES is conceptualised and the informing frameworks provides a necessary foundation
to examine its relationship with cognitive functioning. Previous inclusions of SES have been as a covariate across
many studies, however, the focus has now shifted to examine its effect as a factor. Studies have consistently
associated lower SES with poorer cognitive functioning (Wang et al., 2023; Zhang et al., 2022b) with a meta-analysis
declaring a higher risk of lower cognitive functioning and dementia (by 31%) for those with lower SES compared to
those with higher SES (Wang et al., 2023). Recent multicentred studies have contributed to the understanding of the
link between SES and cognition. For example, a cross-national study by Larnyo et al. (2022) that utilised data across
five countries (China, Ghana, India, Russia, and South Africa), through meta-regression and a hierarchical multiple
linear regression has extended the SES and cognition link. Cognitive functioning was measured through standardised
scores across five tests (i.e. forward and backward digit span, immediate recall, verbal recall, and verbal fluency).
Results of the study found SES factors of income and education to be significant predictors of cognitive functioning
across diverse contexts. Within the study, even a single unit increase in either income (measured using household
income quintiles) or education (measured using ordered categories of level of schooling) was found to be associated
with an increase in cognitive functioning. The study also found other predicting factors (across data from some, but
not all countries) of cognitive functioning such as older age, sex (males performed better in cognitive functioning
scores), and lifestyle factors such as tobacco use, alcohol consumption and diet (higher consumption of fruits and
vegetables), among others. A key strength of this study was its multifactorial approach that considered a wide range
of variables reflective of a multifactorial nature of cognitive functioning. However, the cross-sectional nature of the

study did limit causal inference, particularly as decline in cognitive functioning is a dynamic process. Furthermore,
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the study does not take into consideration that each country likely has its own cultural norms, varying healthcare
systems, and education quality which may moderate the impact of SES on cognitive functioning and confound
cross-country comparisons. For instance, in some nations, those with a lower SES may still be able to afford access
to basic healthcare and education, whereas in other nations, it may correspond with severe deprivation. These
differences could obscure the SES and cognition relationship and suggest that the association is not universally
generalisable across diverse populations and may depend heavily on local structures.

Consistent with the main findings, a cross-sectional study by Zhang et al. (2022b) found that apart from age,
lower SES was supported as being a significant predictor of lower cognitive functioning among 345 adults aged 65
years and older. Within the study by Zhang et al. (2022b), cognitive functioning was assessed using the Montreal
Cognitive Assessment while SES was based on education, income, and occupation. The results of the study found
higher cognitive impairment in those in the lower SES (58.97%) than in medium (45.69%), or in the higher SES
group (27.68%). Additional factors such as marital status (being unmarried or without a partner), longer sleep
durations, and depression, among others, were also identified as contributors to lower cognitive functioning. These
findings reinforce the notion that SES is a key contributor to cognitive functioning but it operates alongside other
social and health-related factors. It also portrays higher SES being a protective factor against a decline in cognitive
functioning. A key strength of this study includes the incorporation of three indicators of SES which include
education, income, and economic status. This composite approach provides a more nuanced understanding of SES
compared to only single-variable indicators. However, it is also critical to note the recruitment of participants.
Participants within the study included those that were in nursing homes which likely meant lower health among
participants. Thus, while providing results that are complimentary to that of others, the study may not be
generalisable to the general population let alone the New Zealand context.

While international research has consistently demonstrated the association between SES, its indicators and
cognitive functioning, these findings are largely reflective of international contexts where social policy, healthcare
access, and education quality may differ from those observed in New Zealand. This is due to the unique
circumstances between New Zealand and other OECD countries such as its pension system and publicly funded
health coverage which contribute to lower disparities in older age (Towers & Stevenson, 2014). However,
inequalities have persisted. Socioeconomic disparities have presented themselves and are marked by more than a
third of the population's household stating that their income is not sufficient for the present cost of living (Statistics
New Zealand, 2024). Therefore evidence from New Zealand is critical to understand how socioeconomic conditions
can influence those residing within the country. A study conducted by Stephens et al. (2022) (drawing on data from
729 New Zealanders) applied a life course model that linked childhood SES to late-life wellbeing. The findings
showed that childhood SES was a critical component of wellbeing in later life with its effects mediated by factors
such as education and occupation and wealth as an adult. However, this trajectory was not simple, as moderating
effects were also observed. Key moderators included gender and ethnicity with non-Maori men showing the most
consistent trajectory from childhood SES to later-life wellbeing. However, a weaker effect was observed for Maori
men and women and non-Maori women. Overall, these results are suggestive of several factors such as gendered as

well as ethnic differences. Although this study focuses on general health outcomes rather than cognitive functioning
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specifically, the mechanisms identified (i.e. education, occupation etc) are able to underpin cognitive health research.
In this sense, the study provides contextual evidence for the present research which will extend these concepts into
the domain of cognitive functioning.

Recent research by Rohr et al. (2024a) uses New Zealand data to demonstrate the value of this perspective.
It was found that adults living in more socioeconomically deprived neighbourhoods exhibited lower cognitive
functioning and higher rates of cognitive decline over two years. These findings suggest that research on area-based
indicators, which extend beyond personal socioeconomic conditions, can be advantageous as they have been shown
to contribute to brain health. The findings can also deepen the understanding of contextual influences on cognitive
functioning and can be useful for policy implications. However, a critique of reliance on area-level proxies is that it
can risk ecological fallacy and mask within-area variability. This may be especially true when considering SES
alongside other individual level indicators (that more directly capture personal life experiences as well as individual
level outcomes such as cognitive functioning) where individual level SES indicators may be more conceptually
aligned.

Building on this conceptualisation, there is recognition that SES represents a collection of several SES
factors rather than being a singular indicator, as they impact an individual interdependently (McMaughan et al.,
2020). However, individual SES indicators can also act through non-identical mechanisms (Zhang et al., 2015). For
example, education’s reserve effect (Wang et al., 2023) in comparison to the resource effect observed for income
(Larnyo et al., 2022) as well as occupation shaping job autonomy (Duncan & Magnuson, 2012). Together, these
dimensions suggest that SES can have cumulative impacts on a person. However, each indicator can also be
reflective of its own divergent pathway and therefore may impact cognitive functioning through diverging pathways.

Among the SES indicators, education has frequently emerged as the strongest predictor of cognitive
functioning (Lee et al., 2003; Rodriguez et al., 2021), exerting a stronger effect than income and in some cases even
counteracting the negative impacts that low income exerts (Rodriguez et al., 2021). When investigating the
independent influence of education and income on cognitive functioning, Rodriguez et al. (2021) found both factors
to contribute to cognitive functioning (measured using the 10 Word List Learning Test) in older adults. The results
were derived by investigating data across the three longitudinal studies. However, while both education (based on
highest educational attainment) and income (net value of household assets) influenced cognitive functioning, income
had a weaker effect than education. The author reports that this can be a result of factors such as cognitive reserve,
not engaging in health behaviours that can negatively impact cognition, as well as individual factors such as higher
self-esteem (Rodriguez et al., 2021). This positions education as a strong and relatively stable component of SES,
given its impacts on labour and workforce participation, income (Hasselgren et al., 2020; Rodriguez et al., 2021), its
strong relation to cognitive reserve (Deary et al., 2009; Hasselgren et al., 2020; Wang et al., 2023), as well as its
correlation with health literacy, and the uptake of a healthier lifestyle (Wang & Conwell, 2022; Zhang et al., 2022b)
such as increased exercise and frequent health checkups (Park & Kang, 2008).

Income has also been identified to capture current material resources and the capacity to access services
(Larnyo et al., 2022; McMaughan et al., 2020). However, while income can be shaped by earlier life factors (such as

higher education) (Allin et al., 2009), it can vary with age as a result of retirement as well as institutional
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arrangements such as universal benefits. Regardless, higher income can lead to higher accumulations of wealth,
particularly with age (Allin et al., 2009) and has been associated with cognitive functioning such that higher income
can decrease the rate of cognitive decline (Marden et al., 2017). However, it is critical to note that within the results
of a systematic review by Wang et al. (2023), while both lower income and education were associated with cognitive
impairment and dementia, lower income by itself was unable to predict dementia. This confirms the differing
pathways of influence even among SES indicators.

Another critical SES indicator is employment status which straddles both pathways as it reflects educational
sorting while also providing opportunities for ongoing cognitive stimulation and social participation (Rodriguez et
al., 2024). Evidence suggests that continued employment, particularly in later life is associated with slower cognitive
decline, higher cognitive functioning as well as a reduced dementia risk (Bonsang et al., 2012; Takase et al., 2024).
Complementarily, in a meta-analysis by Vélez-Coto et al. (2021), it was indicated that unemployment was
significantly associated with lower cognitive functioning. This occurred through employment’s positive influences
on income security, cognitive stimulation as well as reduced stress of joblessness (Vélez-Coto et al., 2021). As such,
employment status can capture ongoing engagement as well as income security in a way that occupational prestige
alone may not. However, its use as a variable is not without limitations as it can conflate voluntary and involuntary
retirement as well as diverse employment conditions. In instances where retirement is taken into consideration,
Rodriguez et al. (2024) have found it to have positive influences on cognitive functioning such that its positive
effects on cognitive functioning are observed to be larger than those who are still working. In the study population of
158,144 participants derived from the German National Cohort, it was found that not being in paid employment was
also associated with lower cognitive functioning. Importantly, these effects were strongest when low income (also
independently associated with lower cognitive functioning) co-occurred with unemployment. Although the
anticipated pathways of influence were different (i.e. income affected finances while occupational status impacted
cognitive stimulation), this highlights that socioeconomic disadvantage is not merely additive. Rather, socioeconomic
disadvantage is both cumulative and interactive and can intersect to shape exposure and resources which collectively
determine cognitive health. Therefore, when considering SES, it is beneficial to consider multiple SES indicators
(together and separately) due to their complexities and interrelated effects on one another.

While the above evidence primarily highlights the main effects of SES and its indicators on cognition, there
is also evidence to consider SES as a moderator within other pathways for cognition such as pathways involving
health factors (Wang et al., 2023). To build on the presence of additional factors within the association between SES
and cognition, Koster et al. (2005) found that biomedical risk factors (such as but not limited heart disease, diabetes,
and hypertension) in older adults (70 - 79 years) were able to explain approximately 5% of the differences in declines
in cognitive function observed between low and high SES. This suggests that higher SES may not always equate to
cognitive health through better health outcomes. However, it is critical to note that there was a significant loss of
follow up data which may have led to an underestimate of the true mediating role of health factors within this study.
Implications of Koster’s study include the presence of additional pathways which extend beyond biomedical risks

such as cognitive reserve, care access and others.
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From a broader Social Determinants of Health perspective, socioeconomic position can shape exposure to
health risks. Marmot et al. (2008) highlight that differing health is not random, but rather a result of unequal access
to determinants, for example, education. However, the basis of the above study aligns with the Andersen model
where SES can shape both the exposure and the response to a health condition through access and enabling factors
(Andersen & Newman, 1973; McMaughan et al., 2020), thus a need to test for SES as a potential moderator in
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