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ABSTRACT

Dementia is a progressive neurodegenerative disorder characterised by a sustained decline in
memory, thinking, and functional abilities, severely impacting daily life. It is often preceded by
a prolonged preclinical phase, potentially spanning up to two decades, during which cognitive
impairment may emerge. Cognitive impairment refers to a measurable decline in cognitive
function that does not yet meet the diagnostic criteria for dementia. These conditions not only
reduce the quality of life for affected individuals but also impose considerable emotional and
financial burdens on families and society. Despite rising awareness, the existing literature lacks
comprehensive exploration of the multifaceted risk factors and adverse health outcomes
associated with dementia and cognitive impairment. This thesis addresses these gaps by
investigating three critical aspects: (i) the prevalence and risk factors of dementia; (ii) the
adverse health outcomes, including self-care limitations, various health outcomes, and socio-
economic inequalities in health-related quality of life (HRQoL); and (iii) potential pathways for
improving the HRQoL of people living with cognitive impairment. The thesis is divided into
three themes comprising six chapters. Utilising data from two sources—the Survey of
Disability, Ageing, and Carers (SDAC) and the Household, Income and Labour Dynamics in
Australia (HILDA) survey—this research applies various econometric methods, including
multivariable logistic regression, pooled ordinary least squares (OLS), pooled ordered logit,
random effects models, generalised estimating equations, and the Wagstaff-Doorslaer-
Watanabe standard concentration index to assess the relationships rigorously. Key findings
reveal that older adults in major cities had higher odds of dementia than those in regional and
remote areas, and that chronic pain significantly increased the odds of developing dementia.
Furthermore, the co-occurrence of dementia and chronic pain demonstrated a synergistic
negative impact on self-care abilities. The analysis of health-related quality of life (HRQoL)
indicated significant pro-rich inequalities, and cognitive impairment was associated with lower
self-assessed health and health satisfaction. Importantly, engaging in physical activity 1-3 times
weekly was linked to significant improvements in physical and mental health components, as
well as overall health utility, among individuals with cognitive impairment. This research offers
vital evidence to inform Australian policymakers and guide the development of more effective
health interventions to reduce the impact of dementia and enhance health outcomes for those

living with cognitive impairment.
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CHAPTER 1: INTRODUCTION

1.1 Background

A significant hallmark of modern societies is the steady progress in extending human longevity
(Brito et al. 2023). Within a single century, life expectancy has dramatically increased globally,
with over 57 countries now surpassing an average lifespan of 80 years, compared to virtually
none a century ago (World Population Review 2025). This unprecedented longevity has
contributed significantly to population ageing, characterised by a growing elderly population
relative to younger cohorts (United Nations 2015). The global population aged 65 and over is
projected to increase significantly, rising from 10% in 2022 to 16% in 2050 (United Nations
2022). In Australia, the share of the population aged 65 and older is projected to increase to
21%—-23% by 2066, up from 16% in 2020 (Australian Institute of Health and Welfare 2023).
This demographic shift will result in a dramatic reversal of age ratios, with the elderly
population surpassing the number of children under 5 by more than double and approaching the
number of children under 12 by 2050 (United Nations 2022). While an extended lifespan can
facilitate personal and societal enrichment, enabling individuals to explore new endeavours and
maintain their active participation within the community (Grande et al. 2020), it is also
accompanied by a gradual deterioration in the physical and mental health of older adults,
leading to a growing need for medical and social care (Santoni et al. 2016).

The ageing population faces an elevated risk and prevalence of various age-related disorders,
including cancer, arthritis, cardiovascular diseases, and neurodegenerative conditions (Finch
2010). Older people are at greater risk of cognitive decline, which can affect their mental
processes such as memory, concentration, and problem-solving abilities (Pais et al. 2020a).
According to prior studies, approximately 40% of individuals aged 65 and older experience
some form of memory loss (Brayne et al. 1995; Aigbogun et al. 2017; Brito et al. 2020).
Furthermore, the likelihood of developing dementia increases significantly with age,
particularly between 65 and 90 years, doubling approximately every five years within this range
(Jorm and Jolley 1998).

Cognitive impairment constitutes a preclinical stage of the pathology, characterised by a
discernible decline in cognitive abilities that does not yet satisfy the diagnostic criteria for

dementia (Jessen et al. 2020). Dementia, a progressive neurodegenerative disorder, can exhibit



a preclinical phase that may extend for up to two decades prior to clinical manifestation (Gil-
Peinado et al. 2023). Dementia and cognitive impairment are among the leading causes of
disability and dependency among older adults, contributing significantly to the need for long-
term care. The financial burden of dementia, encompassing health and social care costs,
surpasses that of other chronic diseases such as cancer, cardiovascular disease, and stroke
(Amieva et al. 2005). Despite its profound societal and economic impacts, dementia research
has historically received less attention and funding compared to cancer and cardiovascular
disease. In Australia, dementia is recognised as a critical public health concern (Australian
Institute of Health and Welfare 2024). In 2022, dementia emerged as the second leading cause
of mortality in Australia, contributing to nearly 17,800 deaths, which was 9.3% of all deaths
(Australian Institute of Health and Welfare 2024). Notably, it was the primary cause of death
for women and the second for men, following coronary heart disease (Australian Institute of
Health and Welfare 2024). Given these alarming trends, exploring cognitive impairment and
dementia from an Australian perspective is both timely and essential for informing public health

strategies and guiding policy development.

The primary objective of this thesis is to examine key risk factors comprehensively, explore
adverse health outcomes, and improve the health-related quality of life (HRQoL) of people
living with dementia and cognitive impairment in Australia. Two studies within this thesis focus
on specific risk factors: geographic remoteness and chronic pain. The subsequent three studies
delve into the adverse health outcomes of people living with cognitive impairment and
dementia, specifically examining self-care limitations, socio-economic inequalities in HRQoL,
and the impact of different health outcomes on overall well-being. The final study investigates
the potential of physical activity in improving the HRQoL of people living with cognitive
impairment. This “PhD by publication” thesis contributes significantly to the existing literature
by generating methodological and empirical knowledge and offering valuable policy
recommendations for improving the health and well-being of individuals living with cognitive

impairment and dementia.

1.2 Definition of cognitive impairment and dementia, diagnosis and
classification

1.2.1 Cognitive impairment



A potential challenge in addressing memory concerns and cognitive impairment in healthcare
and research is how to define and measure them effectively (Molinuevo et al. 2017). Recent
efforts have aimed to standardise terminologies, using “subjective memory complaints” (SMC)
or “subjective cognitive decline” (SCD), both of which refer to self-reported experiences of
memory or cognitive decline that are not detected through objective measurements or
assessments (Steinberg et al. 2013). In contrast, people with MCI do show a clear decline in
cognition based on objective assessments, but it is not intense enough to impair daily
functioning or to be considered dementia (Gauthier et al. 2006). MCI serves as an intermediary
state between normal cognitive changes owing to ageing and the decline characteristic of
dementia (Reisberg et al. 2008; Wang et al. 2014). The risk of developing dementia is markedly
higher for individuals with MCI than for the general population (Petersen et al. 2014), with an
annual progression rate estimated between 10% and 15% (Farias et al. 2009; Xue et al. 2017).
In this thesis, the term “cognitive impairment” is used to encompass various phrases describing
objective cognitive decline that does not meet the criteria for dementia. Figure 2 provides a

visual representation of the case definitions and how they fit within the dementia pathway.

Progression

(N _ (N (N

Memory concern

Cognitive impairment
(including mild
cognitive impairment)

A A

Reversal

Normal cognitive

. Dementia
aging

(including subjective
memory concern

Figure 1: The potential pathways of progression and reversal in dementia development

Source: (Hallam 2023)

1.2.2 Dementia

The term “dementia” originated from the Latin word demens, meaning “without mind” (Assal,
2019). Dementia is not a natural part of the ageing process, nor is it one particular disease.
Dementia is a broad term encompassing a range of symptoms caused by abnormal brain changes
associated with various conditions, including AD, leading to cognitive decline, impaired daily

functioning, and impacts on behaviour, emotions, and relationships (Alzheimer’s Association



2024; National Institute of Neurological Disorders and Stroke 2024). AD is the most common
cause of dementia, accounting for 60-80% of cases, followed by vascular dementia, which
results from microscopic bleeding and blockages in the brain (Alzheimer’s Association 2024).
Other conditions, such as thyroid problems and vitamin deficiencies, can cause cognitive
impairment but are not considered dementia, with some being reversible, while mixed dementia
occurs when multiple types of dementia are present simultaneously. Different types of dementia

are shown in Figure 3.

Types of Dementia

U Alzheimer’s

U Vascular

U Lewy body

U Frontotemporal

U Others, including Huntington’s

U Mixed dementia: Dementia from
more than one cause

Dementia is an umbrella
term for loss of memory
and other thinking

abilities serve enough to
interfere with daily life

Figure 2: Different types of dementia

Source: (Alzheimer’s Association 2024)

1.2.3 Diagnosis and classification

The conceptualisation of dementia and its subsequent classification have been refined through
the progressive accumulation of evidence derived from clinicopathological investigations and
the postulated etiological factors. Two major diagnostic classification systems used for
dementia diagnosis are the World Health Organization (WHO)’s International Classification of
Diseases, Tenth Revision (ICD-10) and the American Psychiatric Association’s Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5). In 2011, the National Institute



on Aging and the Alzheimer’s Association (NIA-AA) introduced new diagnostic criteria for
dementia, Alzheimer’s disease (AD), and mild cognitive impairment (MCI) (McKhann et al.
2011; Albert et al. 2013), while a separate working group proposed criteria for preclinical AD,
which refers to the early disease stage detectable through brain biomarker analysis (Sperling et
al. 2011). In addition to the NIA-AA, an international working group also proposed research
diagnostic criteria for AD. Similarly to the NIA-AA criteria, this framework defines three stages
of AD: preclinical AD; prodromal AD (which corresponds to MCI owing to AD in the NIA-
AA criteria); and AD dementia (Dubois et al. 2014). While acknowledging the nuanced
variations on the conceptualisation of these stages, this thesis does not examine these
distinctions further. The diagnostic guidelines, as illustrated in Figure 1, delineate a spectrum

of cognitive stages, encompassing normal cognition to dementia.

This framework is based on diagnostic criteria proposed by Sperling et al. (Henriksen et al.
2014) for preclinical dementia, Petersen et al. (Benichou and Gail 1990) for MCI) and Albert
et al. (Neergaard et al. 2016) for revised MCI classification. The figure is adapted from
(Andersen et al. 1993), with the concept of SNAP (Subjective Normal Aging Plus) introduced
by Jack et al. (Gray 1988). In this context, SNAP encompasses common amyloid-negative
neurodegenerative conditions such as cerebrovascular disease, hippocampal sclerosis, and
preclinical brain lesions associated with frontotemporal dementia (FTD) and Lewy body
dementia (LBD).



Normal
cognition

Preclinical
dementia

Prodromal
dementia

Dementia

F

Brain Aging
! T 3
Stage 1: Asymptomatic amyloidosis SNAP*:
High PET amyloid tracer ratention, Low CSF ARy Suspected
T non-AD patho-
physiology
Stage 2: Amyloidosis and Neurodegeneration Normal AR
Dysfunction on FDG-PETHunctional MRI, High C5F tau/p-tau, |+ biomarkers.
Cortical thinning, Hippocampal atrophy on siructural MRI Abnormal
neurodegeneration
biomarkers

I

Stage 3: Amyloidosis and Neurodegeneration

and subtle cognitive decline
Subtle change from baseline cognitive level
Does not yet meet the cntena for MCI

Sperling, 2011

Mild Cognitve Impairment (MCI) — Core Clinical Criteria
3. Intact activities of daily living

1. Subjective memory complaint

h 4
Stable or reversible impairment |-.....

2. Impairment in cognitive domain(s) 4 Not demented
Pdiersen, 2004
k. r
Non-amnestic || Amnestic MCI due to AD MCI with other
McCli MCI Positive etiology
MNonmemory Memory biomarker(s) Negative biomarkers
Potorson, P004 s Albert, 2011
! S— —
| ! H‘i‘i“h _
! i
1 TN T
+ P _ _ _ _ —— e e I
Vascular Alzheimer’s Dementia (other etiology)
dementia disease FTD, LBD, Parkinson
dementia, Depression

Figure 3: An overview of cognitive stages progressing from normal cognition to

dementia.

Source: (Neergaard 2017)

1.3 The state of cognitive impairment and dementia

1.3.1 Prevalence of cognitive impairment

Abbreviations: CSF: Cerebrospinal fluid; FDG: Fluorodeoxyglucose; MCI: Mild Cognitive

Impairment; MRI: magnetic resonance imaging; PET: positron emission tomography.

A central vision of the National Dementia Action Plan 2024-2034 is to recognise MCIs, even
those not classified as dementia, as an opportunity for primary care intervention, providing
guidance on dementia awareness and promoting healthier lifestyle choices (Department of
Health and Aged Care 2024). It is crucial to gain a deeper understanding not only of the number
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of individuals living with dementia but also of those experiencing cognitive impairments that
do not meet the criteria for a dementia diagnosis. Examining the prevalence and incidence of
memory concerns and cognitive impairment can provide valuable insights into the scope of this
issue and its potential impact on affected populations. While research on the prevalence of
memory concerns and cognitive impairment in primary care and community settings remains

limited, a few studies have addressed this area.

The COSMIC (Cohort Studies of Memory in an International Consortium) research, published
in 2015, utilised data from cohort studies conducted across various countries, standardised the
data using uniform criteria, and reported the prevalence of cognitive impairment (Sachdev et
al. 2015). The COSMIC study comprised a cohort of 39,387 cognitively unimpaired individuals
aged 60 years and older, recruited from a diverse range of 16 studies conducted across 15
countries. Memory concerns were reported by 6% to 52% of participants across the studies,
with an average prevalence of approximately 24-25% (Rohr et al. 2020). A previous systematic
review encompassing 80 studies estimated that the global prevalence of cognitive impairment
varies widely, ranging from 5.1% to 41% in community-dwelling older adults, with a median
prevalence of 19% (Pais et al. 2020b). In Australia, a recent study in Australia found that around

10.16% of adults aged 50 and older had moderate cognitive impairment (Keramat et al. 2023).

1.3.2 Prevalence of dementia

Globally, dementia affected more than 55 million people in 2020, with projections indicating
that this number would nearly double every 20 years, reaching 78 million by 2030 and 139
million by 2050 (Alzheimer’s Disease International 2017). The OECD estimated that the
prevalence of dementia in Australia was 13.2 cases per 1,000 population in 2021, slightly less
than the OECD average of 15 per 1,000 population and ranking 12th lowest out of 38 countries
(Australian Institute of Health and Welfare 2024). Given the projected growth and ageing of
the Australian population, the number of people living with dementia is anticipated to increase
significantly. Applying the prevalence rates derived by the Australian Institute of Health and
Welfare (AIHW) to Australian Bureau of Statistics (ABS) population projections for the period
2023 to 2054, it is estimated that the number of people with dementia in Australia will be more
than double, rising from just over 411,100 in 2023 to 849,300 in 2054 (Australian Institute of



Health and Welfare 2023). This projected increase is further broken down by gender, with an
estimated 315,500 men and 533,800 women living with dementia by 2058. Figure 4 depicts the

estimated prevalence of dementia in the Australian population from 2024 to 2054, with data

disaggregated by gender.
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Figure 4: Projected number of Australians living with dementia from 2024 to 2054,
disaggregated by gender

Source: (Australian Institute of Health and Welfare 2024)

1.3.3 Factors influencing cognitive impairment and dementia

Cognitive impairment represents a preclinical stage of dementia, often emerging up to two
decades before clinical diagnosis. The preclinical phase of the disease presents the most
opportune window for the potential application of disease-modifying or neuroprotective
therapies, thus emphasising the paramount importance of early detection of cognitive
impairment (Ramos et al. 2021). Despite the lack of a definitive treatment for dementia, which
remains an unstoppable progression, certain risk and protective factors associated with the

disease can be modifiable (Livingston et al. 2020; Ramos et al. 2021).

Risk factors influencing the onset and progression of cognitive impairment and dementia are
broadly classified into two categories: non-modifiable and modifiable. Non-modifiable factors

are those that cannot be changed, such as age, genetics, and biological sex. Modifiable factors,



on the other hand, are subject to individual or societal intervention, and include not only
lifestyle-related risks but also socio-economic determinants such as education and occupation.
Although factors like education and occupation are often described as "difficult-to-modify,"
especially in older populations, economic theory—rparticularly Grossman's model of health
demand—suggests these are indeed modifiable over the life course (Grossman, 2017).
According to this model, health is a function of both exogenous depreciation (e.g., age,
genetics) and endogenous factors like past health investments, including educational attainment
and occupational choices, which significantly shape an individual’s health trajectory in later
life. Individual risk of developing dementia can differ significantly. Age emerges as the most
prominent risk factor, with the risk of developing Alzheimer’s or vascular dementia doubling
approximately every five years (Nichols et al. 2022). Genetic factors can influence an
individual’s vulnerability to developing dementia (Fan et al. 2019). Although age and genetic
predisposition are non-modifiable, research highlights several modifiable lifestyle choices that
significantly impact the risk of developing dementia. The Lancet Commission 2020 initially
identified 12 modifiable risk factors for dementia, including a lack of education, head injury,
physical inactivity, smoking, excessive alcohol consumption, hypertension, obesity, diabetes,
hearing loss, depression, infrequent social contact, and air pollution (Livingston et al. 2020).
Livingston and colleagues posited that up to 40% of dementia cases could be potentially averted
through the successful mitigation of these 12 identified modifiable risk factors. The recent
Lancet Commission report supports adding vision loss and high cholesterol as potentially
modifiable risk factors for dementia (Livingston et al. 2024). Building upon the 12 factors
identified by the Lancet Commission, Alzheimer’s Disease International, and the WHO, the A-
to-Z Dementia Knowledge list incorporates additional factors to enhance the memorability of
factors influencing cognitive impairment and dementia (Morley et al. 2015; Prince et al. 2016;
World Health Organization 2017; Livingston et al 2020).

These factors are categorised as follows:

Non-modifiable factors: Age, gender, and genetics.

Modifiable factors:

Health and lifestyle: Physical inactivity, poor diet, smoking, excessive alcohol consumption,

poor sleep hygiene.



Socioeconomic and cognitive engagement: Education, occupation, cognitive stimulation (e.g.,

reading, social interaction), and dementia awareness.

Clinical and environmental: Chronic diseases (e.g., hypertension, diabetes), hearing loss,
obesity, certain medications (e.g., anticholinergics, benzodiazepines), brain injuries, air

pollution, infections, and vision loss.

1.3.4 Burden of dementia in Australia

Dementia constitutes a major chronic disease of the 21st century, imposing substantial health,
social, and economic burdens on individuals, families, and society. Dementia ranks as the
second leading cause of disease burden in men aged 85 and older, and the leading cause in
women of the same age group. The total burden of disease from dementia is now equally
attributed to disability associated with living with the condition (years lived with disability) and
premature mortality caused by the disease (years of life lost). As the prevalence of dementia is
projected to rise significantly in the coming decades, these costs are expected to escalate. In
2016, the total economic burden of dementia in Australia was substantial, reaching $14.25
billion, which translated to an average cost of $35,550 per person with dementia (Brown et al.
2017). Direct costs, including healthcare and caregiving expenses, comprised 62% of the total
economic burden (Brown et al. 2017). Conversely, indirect costs, primarily attributable to lost
productivity among individuals with dementia and their caregivers, accounted for the remaining
38% (Brown et al. 2017). The implementation of initiatives that prioritise dementia prevention,
early intervention, timely diagnosis, and community-based support is of paramount importance.
These initiatives offer the potential for substantial long-term benefits, including significant
reductions in direct healthcare costs and productivity losses, while simultaneously enhancing
the quality of life for individuals with dementia and their families.

1.4 Theoretical framework

In this subsection, | discuss some theoretical frameworks that underpin the key research

questions of the thesis

1.4.1 Human development model of disability
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The human development model of disability, health, and well-being, rooted in Amartya Sen’s
(1982, 1992) capability approach, emphasises empowering individuals to achieve their full
potential and lead fulfilling lives. This model adopts a holistic perspective on disability and
well-being, incorporating social, economic, and environmental factors to enhance health and
quality of life. It builds on emerging evidence from social epidemiology (Marmot, 2005) and
disability research (Burchardt 2004; Terzi 2005; Mitra 2006).

The following explanation outlines key concepts from the theory through a probabilistic lens.

These concepts can be statistically represented as equation (i):
D=f(P,ES)+e (i)

where D, P, E, and S represent disability, personal, environmental/resources, and
societal/structural factors respectively, and e is the random error.

The human development model outlines critical factors influencing well-being, categorised into
personal factors, resources, and structural/environmental factors outlined in Figure 5. Personal
factors include demographic attributes such as age, gender, race, and personality traits, with
some being fixed and others modifiable. Resources encompass goods, services, and information
that individuals either possess or access through networks. Structural/Environmental factors
refer to physical, social, economic, and environmental contexts, ranging from immediate
surroundings to broader societal conditions. These components interact dynamically, shaping
an individual’s capabilities and functioning. The model serves as a practical framework for

designing policies to improve disability and health outcomes in real-world contexts.

[ Risk factors of disability ]
|
! ]

[ Personal Factors ] [ Structural/Environmental ]

Factors

Physical

Interaction Epidemiological
temporal flow

Health deprivations (disabilities/impairments and/or
health conditions)

Figure 5: Human development model of disability
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1.4.2 International Classification of Functioning, Disability, and Health (ICF) model

The WHO’s International Classification of Functioning, Disability, and Health (ICF)
framework evaluates disability at the individual and population levels by examining the
interaction between environmental and personal factors, influenced by health conditions
(Surendiran et al. 2022). Environmental factors include physical, social, and attitudinal
elements such as homes, workplaces, and societal structures, while personal factors involve
traits like age, gender, and lifestyle (World Health Organization 2007). These factors
collectively describe an individual’s functioning. The ICF model applies universally, not just
to those with disabilities, and helps provide insights into health and functioning across different

contexts. The specifics of the ICF model are illustrated in Figure 6.

Personal Environmental
Factors Factors
[ |

Body functions Activities Participation
and Structures (Activity (Participation
(Impairments) limitations) restrictions

I |

Health conditions

(disabilities/disorders/diseases)

Health Related
Quality of Life

Human Development
Across Time

Figure 6: Modified IFC model

1.4.3 Rawls’ social contract theory

A quintessential example of contractarian theory is John Rawls’ theory of justice, which posits
that individuals implicitly enter into a contract with society, thereby establishing a framework
of rights and obligations (Rawls 1971, 2001). Rawls defines justice as “fairness”, emphasising
that societal structures must be designed to ensure equitable distribution of the burdens and
benefits of social cooperation among all members. To achieve this, Rawls proposes two

fundamental principles of justice:

(1) Everyone has an equal right to the most extensive basic liberties compatible with similar

liberties for all; and
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(2) Social and economic inequalities are permissible only if they benefit the least advantaged
members of society while ensuring equal opportunities for all.

Critics contend that applying Rawls’ principles may lead to resource depletion within a
community by allocating significant healthcare resources to cases with limited potential for
improvement. Furthermore, they argue that it may be unjust to allocate resources to individuals
whose poor health stems from their own risky behaviours or choices (Le Grand 1987; Mooney
1987).

1.4.4 Egalitarianism

Egalitarianism, an ideology that views equality as essential for justice, is founded on the
principle of inherent human equality. While strict egalitarianism, with its emphasis on equal
distribution for all, presents limitations, “luck egalitarianism™ offers a refined perspective,
focusing on rectifying inequalities stemming from factors beyond individual choice and effort
(Dworkin 1981a, 1981b; Anderson 1999). Luck egalitarianism contends that inequalities in
well-being should be attributed solely to individual choices and not to circumstances beyond
one’s control. This philosophy distinguishes between outcomes resulting from “brute luck”
(unforeseen events like accidents) and those arising from deliberate choices (such as engaging
in risky behaviour). Two distinct approaches to implementing luck egalitarianism emerge. The
first emphasises the principle of equality of opportunity, aiming to create a “level playing field”
by ensuring equal access to resources and opportunities for all (Arneson 1989; Roemer 1998).
The second approach, inspired by Sen’s (1982, 1992) capability approach, emphasises
individual freedom as the primary moral concern. This perspective defines well-being in terms
of an individual’s capabilities and actual achievements, rather than simply their material

possessions or resources.

The Human Development Model of Disability and the International Classification of
Functioning, Disability, and Health (ICF) model provide the conceptual foundation for
understanding the multifactorial nature of dementia and cognitive impairment, as well as their
impact on individual functioning and self-care (addressing RQs 1-3 and RQ 5). These models
support the investigation into how chronic conditions and contextual factors contribute to
functional limitations and health outcomes over the life course. Furthermore, Rawls’ Social
Contract Theory and principles of Egalitarianism underpin RQs 4 and 6 by guiding the analysis
of socio-economic inequalities in health-related quality of life (HRQoL). These theories

emphasize fairness and justice in the distribution of health and resources, which align with the
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thesis’s focus on identifying and addressing disparities in HRQoL among older Australians,

particularly those living with cognitive impairment.

1.5 Objectives and research questions

This thesis aims to conduct a comprehensive analysis of risk factors, adverse health outcomes,
and potential improvements for older Australians living with dementia and cognitive
impairment. To achieve this aim, the following specific research objectives (ROs) have been

established:

RO 1: Examine changes in dementia prevalence and its association with geographic remoteness.
RO 2: Explore age or gender differences in the relationship between chronic pain and dementia.
RO 3: Investigate the association between dementia and chronic pain with self-care limitations.
RO 4: Examine socio-economic inequalities in HRQoL and the contribution of cognitive
impairment.

RO 5: Explore the association between cognitive impairment and health outcomes among older
Australians.

RO 6: Investigate the relationship between physical activity and HRQoL among older

Australians with cognitive impairment.

To achieve its objectives, this thesis aims to address key research gaps identified in the existing
literature, which are outlined in detail within the literature review section of each study. To
bridge these gaps, several research questions (RQs) have been formulated, each serving as a
foundation for a distinct empirical investigation. These studies not only provide robust
justifications for the research undertaken but also yield findings that offer valuable insights for

policy development. The formulated research questions are as follows:

RQ 1: What are the changes in dementia prevalence in Australia? How is geographic
remoteness associated with the risk of dementia?

RQ 2: What is the association between chronic pain and dementia? How does that association
vary by age and gender?

RQ 3: How can co-occurring dementia and chronic pain affect self-care limitations?

RQ 4: Are there any inequalities in HRQoL among older Australians? If such inequality exists,

what is the contribution of cognitive impairment?

14



RQ 5: What is the association between cognitive impairment and various health outcomes, such
as general health, mental health, self-assessed health, and health satisfaction, among older
Australians?

RQ 6: How does physical activity influence (HRQoL) among older Australians living with

cognitive impairment?

1.6 Overview of methods

This section outlines the research design and data collection process.

1.6.1 Data sources

This thesis utilised two datasets: the Survey of Disability, Ageing and Carers (SDAC), a cross-
sectional dataset, and the Household, Income and Labour Dynamics in Australia (HILDA)

survey, a longitudinal dataset.

The SDAC dataset was employed to address the research questions related to dementia. It is the
only publicly accessible dataset in Australia containing dementia-related data and is a nationally
representative household survey conducted by the ABS. Households for the SDAC were
selected using a stratified, multi-stage area sampling approach designed by the ABS. Data
collection was carried out by trained interviewers using computer-assisted personal interviews.
Details of the development of survey instruments and data collection methodologies can be
found in other sources (Australian Bureau of Statistics 2015, 2018). The survey covered all
Australian states and territories, encompassing both urban and rural areas, and included
individuals residing in private households as well as institutional settings such as nursing
homes, hospitals, and retirement communities. The SDAC provides comprehensive data on the
prevalence of disability and the support needs of individuals with disabilities. It offers a detailed
socio-economic and demographic profile of individuals with disabilities, older adults, and
caregivers, enabling comparisons with the general population. The SDAC survey has been
conducted periodically in Australia since 1981. Although earlier iterations were conducted in
1988, 1993, 1998, 2003, 2009, and 2012, this thesis focuses specifically on the 2015 and 2018
surveys, as these were the only years that included data on dementia, a key exposure variable

in the analysis.

The HILDA survey was utilised to address the research questions related to cognitive

impairment. This dataset was chosen primarily because it includes information on cognitive
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impairment and related health outcomes. Additionally, it provides comprehensive data on
socio-demographic and lifestyle characteristics, such as age, gender, education, marital status,
employment status, ethnicity, and health behaviours like smoking and alcohol consumption at
various time points. Another key advantage of using the HILDA dataset is its status as a
nationally representative, household-based longitudinal survey, making it well-suited for
addressing the research questions. The HILDA survey is comparable to other prominent
household panel surveys, including the Panel Study of Income Dynamics (PSID) in the United
States, the British Household Panel Survey (BHPS), and the German Socio-Economic Panel
(SOEP). Conducted annually, the survey gathers data from adult members of the same
households, focusing on three primary domains: economic and subjective well-being; labour
market dynamics; and family life. The survey collects extensive information on topics such as
wealth, retirement, fertility, health, education, skills, job-related discrimination, non-co-
residential family relationships, health insurance, diet, and material deprivation. Data are
collected through self-completion questionnaires and face-to-face interviews conducted by
trained interviewers with household members aged 15 years or older. Initiated in 2001, the
HILDA survey collected data from 19,914 individuals across 7,682 households under the
ethical guidelines of the University of Melbourne. Since then, it has gathered annual
information from over 17,000 Australians. The sample households are selected using multi-
stage sampling techniques to ensure representation of the Australian population. Detailed
descriptions of the HILDA sampling methods and survey procedures are available elsewhere
(Wooden et al. 2002). To explore the research questions related to cognitive impairment, the
thesis restricted its analysis to waves 12 (2012) and 16 (2016) of the HILDA survey, the only
waves containing pertinent questions. Wave 12 was treated as the baseline, and wave 16 was

used as the follow-up survey.

1.6.2 Study design

This thesis comprises a combination of cross-sectional and longitudinal studies, employing a
diverse array of health economics and epidemiological methods to address various research
questions. Table 1 provides a concise overview of the research focus, research questions, study
designs, data sources, analytic samples, and methodologies utilised across the six studies.
Subsequently, Figure 7 outlines the studies associated with each research theme, including

details on their publication status and journal submissions.

16



Table 1: Research questions, study designs, data sources, analytic samples, and methods of the six studies at a glance

with a final
pooled sample
0f 40,752
participants

Research | Study Research questions (RQ) Study design Data source Analytical Methods
focus sample
Study 1 How does geographic remoteness associate Cross- SDAC,; 2 waves 20,671 and Multivariable
with the risk of dementia? sectional (2015 and 2018) 20,081 logistic regression
individuals in
2015 and 2018,

© respectively
=
(<5}
S
(<5}
©
©
2
kS
_c_“é Study 2 | What is the association between chronic pain Cross- SDAC; 2 waves 20,671 Multivariable
X and dementia? sectional (2015 and 2018) | participants in | logistic regression,
= 2015 and Multiplicative
g 20,081 in 2018, interaction
3
=
(<5}
©
>
L
a
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Average marginal

effect, Generalised

estimating equation
(GEE)

Research | Study Research questions (RQ) Study design Data source Analytical Methods
focus sample
Study 3 How can co-occurring dementia and chronic Cross- SDAC; 2 waves 20,671 Ordered logistic
pain affect self-care limitations? sectional (2015 and 2018) | participants in | regression, Average
2015 and marginal effect
c 20,081 in 2018,
e with a final
1S
= pooled sample
= of 40,752
S .
S participants
= Study 4 | Are there any inequalities in HRQoL among Cross- HILDA; 2 5,247 and 5,614 Ordinary Least
g older Australians? If inequality exists, what is sectional waves unique Squares, Wagstaff-
3 the contribution of cognitive impairment? wave 12 (2012) individuals Doorslaer-
o and wave 16 from 2012 and | Watanabe standard
c (2016) 2016, concentration index
2 respectively
& Study 5 | What is the association between cognitive Longitudinal, HILDA; 2 11,146 person- Longitudinal
% impairment and various health outcomes, retrospective waves year random-effects
g such as general health, mental health, self- study wave 12 (2012) observations GLS regression
2 assessed health, and health satisfaction, and wave 16 from 7,035 model, Random
= among older Australians? (2016) unique effect ordered
§ individuals logistic regression,
3
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Research | Study Research questions (RQ) Study design Data source Analytical Methods
focus sample

Study 6 How does physical activity influence Longitudinal, HILDA; 2 1,168 person- Random-effects
c HRQoL) among older Australians living with | retrospective waves year GLS regression,
= cognitive impairment? study wave 12 (2012) observations random effect
g = and wave 16 from 985 generalised
Q g (2016) unique persons | estimating equation
°T (GEE)
3
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Research Theme 1

Prevalence and risk factors of
dementia

Research Theme 2

Adverse health outcomes of
dementia and cognitive
impairment

Research Theme 3
Improvement in HRQoL of

people living with cognitive
impairment

Published
PLoS ONE

Published
Value in Health

Published
Journal of Affective Disorders

Published
Social Science and Medicine

( Paper 1 )
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Paper 2
Age and gender differences in the relationship between chronic pain and
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L chronic pain with self-care limitations in older Australians )
(" Paper 4 )
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Paper 6
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Figure 7: Research theme and study papers included in the thesis

Published
Quality of Life Research
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1.7 Conceptual framework of the thesis

Dementia and cognitive impairment are influenced by various factors and impose significant
health and economic burdens on individuals and society. The conceptual framework of this
thesis, depicted in Figure 8, was adapted from the Australian Health Performance Framework
(AHPF) to explore the risk factors and adverse health outcomes associated with dementia and
cognitive impairment. While it does not aim to encompass all possible determinants, the
framework visualises key factors contributing to these conditions and their impacts on different
health outcomes. The determinants of the health domain in the conceptual framework
encompass socio-economic factors, health behaviours, personal biomedical characteristics, and
environmental influences that affect individuals’ health status. Under this domain, this thesis
investigates specific risk factors, including (i) geographic remoteness and (ii) chronic pain, and
their impact on dementia among older Australians. The health system domain addresses aspects
such as effectiveness, safety, appropriateness, continuity of care, accessibility, efficiency, and
sustainability, capturing the healthcare system’s activity, quality, and performance. The health
status domain reflects population health conditions, functionality, well-being, and mortality. In
alignment with this context, the thesis conducts four studies examining: (i) the relationship
between dementia and self-care limitations; (ii) cognitive impairment and socio-economic
inequalities in HRQoL,; (iii) cognitive impairment and self-reported health outcomes; and (iv)
the impact of physical activity on HRQoL among individuals with cognitive impairment. The
health system context domain highlights demographic factors, community and social capital,
governance and structure, financing, workforce, infrastructure, and research and evidence

required to support the planning of a sustainable healthcare system.
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Figure 8: Conceptual framework for the risk factors of dementia and cognitive impairment and their adverse health outcomes (Based on
Australian Health Promotion Framework and Performance Logic Model)
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1.8 Contribution of the research

This research makes several significant contributions to the existing body of knowledge on

dementia and cognitive impairment in Australia.

m Prevalence and Risk Factors

This research contributes to a more accurate understanding of dementia prevalence and
identifies key risk factors within the Australian context. Previous studies on dementia
prevalence in Australia have been limited by methodological variations and reliance on data
primarily from aged care institutions. This research addresses these limitations by utilising a
nationally representative dataset encompassing both household and institutional care settings.
This provides a more comprehensive and accurate picture of dementia prevalence in Australia.
Investigating the influence of geographic remoteness and chronic pain on dementia expands
upon existing literature on dementia risk factors in Australia. Previous research has primarily
focused on established risk factors such as age, family history, and lifestyle factors. This
research contributes new insights into the unique risk factors that may be particularly relevant
within the Australian context, such as the impact of geographic remoteness on access to
healthcare and the prevalence of chronic pain conditions. These findings have important
implications for the development of targeted prevention strategies, such as improving access
to healthcare services in rural and remote areas and addressing the prevalence of chronic pain

conditions through community-based programs and pain management initiatives.

m Adverse Health Outcomes

This research significantly advances our understanding of the adverse health outcomes
associated with dementia and cognitive impairment. By exploring the impact of these
conditions on self-care limitations, socio-economic inequalities in HRQoL, and the broader
health outcomes of cognitive impairment, this research contributes to a more comprehensive
understanding of the burden of these conditions. These findings build upon existing literature
by providing a more nuanced understanding of the complex interplay among dementia,
cognitive impairment, and health outcomes in the Australian context. This knowledge informs
the development of more effective and person-centred care models that address the

multifaceted needs of individuals living with dementia and their caregivers.
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m Potential for Improvement in HRQoL

The findings of this research have important implications for policy and practice. The research
on the potential benefits of physical activity in enhancing the HRQoL of individuals with
cognitive impairment informs the development of evidence-based policies and interventions

aimed at improving the well-being of this population.

By addressing these critical research questions and contributing new knowledge to the field,
this research has a significant impact on our understanding of dementia and cognitive
impairment in Australia and informs the development of more effective prevention, diagnosis,

and management strategies for these conditions.

1.9 Thesis structure

This PhD thesis follows a thesis by publication format, comprising nine chapters. The working

titles and a brief overview of each chapter are outlined below.

Chapter 1—Introduction—provides an overview of the study, presenting the problem
statement, research objectives, research design, theoretical framework, conceptual framework,

and scope of the research.

Chapter 2—Literature Review—mnarrates a brief review of the literature and the identifying
research gaps in the existing evidence and conveys the research aims and motivations of the

thesis.

Chapter 3, Paper 1—Changes in the Prevalence of Dementia and its Association with
Geographic Remoteness—explores recent changes in the prevalence of dementia in Australia.
This study also investigates geographic remoteness as a potential risk factor for developing

dementia.

Chapter 4, Paper 2—Age and Gender Differences in the Relationship Between Chronic Pain
and Dementia Among Older Australians—explores the link between chronic pain and
dementia, with an additional focus on whether this relationship differs across age groups and

genders.

Chapter 5, Paper 3—Beyond the Sum of Their Parts: The Combined Association of Dementia
and Chronic Pain with Self-Care Limitations in Older Australians—examines the relationship
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among dementia, chronic pain, and self-care limitations, with a particular emphasis on the

combined effects of dementia and chronic pain on these limitations.

Chapter 6, Paper 4—Socio-Economic Inequalities in Health-Related Quality of Life and the
Contribution of Cognitive Impairment in Australia: A Decomposition Analysis—investigates
the influence of socio-economic inequalities on HRQoL by applying concentration indices.
The unique contribution of this research is its integration of cognitive impairment into the
analysis, supported by a longitudinal examination of factors influencing HRQoL disparities,

with critical implications for healthcare policy development.

Chapter 7, Paper 5—Cognitive Impairment and Self-Reported Health Outcomes Among Older
Adults: Longitudinal Evidence from Australia—explores the hypothesis that cognitive
impairment is linked to a decline in several health outcomes, including general health, mental
health, self-rated health, and health satisfaction among older Australians. Additionally, the
study examines whether the association between cognitive impairment and health outcomes

varies across subgroups based on age and gender.

Chapter 8, Paper 6—Staying Active, Staying Sharp: The Relationship Between Physical
Activity and Health-Related Quality of Life for People Living with Cognitive Impairment—
investigates the association between physical activity and HRQoL among older Australians
with cognitive impairment. Findings from this research can inform evidence-based policies
aimed at enhancing the HRQoL of individuals with cognitive impairment, ultimately
contributing to more effective and equitable resource allocation within future health

interventions.

Chapter 9—Conclusion and Policy Implications—encompasses chapter summaries, a
presentation of key findings, policy recommendations, a discussion of contributions to the field

of research, study limitations, and concluding remarks.

References

The references for Chapters 1, 2, and 9 are consolidated and placed at the end of the thesis.
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CHAPTER 2: LITERATURE REVIEW

There is a growing literature that focuses on the risk factors and adverse health outcomes of
people with cognitive impairment and dementia. Several interventional studies have been
completed, and the WHO released its first guidelines for reducing the risk of cognitive decline
and dementia. The focus has been given to the early identification, risk reduction, and well-
being of people living with cognitive impairment and dementia (World Health Organization
2019). This chapter aims to provide a comprehensive literature review of the risk factors,
adverse health outcomes, and potential solutions for people living with cognitive impairment
and dementia. This in-depth review of existing knowledge serves as a crucial foundation,
providing a clear rationale for the research questions and methodologies employed in the

subsequent studies conducted within this thesis.

2.1 Geographic remoteness and dementia

Despite the projected increase in dementia patients worldwide from almost 50 million in 2017
to 131.5 million in 2050 (Alzheimer’s Disease International 2017), the future prevalence and
incidence of dementia are both unknown. In countries such as the United Kingdom, Sweden,
Spain, the Netherlands, France, Nigeria, and the United States, most research has found a
probable drop or stability in dementia prevalence and incidence estimates over time (Wu et al.
2017). Japan, on the other hand, showed an increased prevalence of dementia (Dodge et al.
2012; Ohara et al. 2017). In a systematic review, Stephan et. al. (2021) concluded that the
evidence of secular changes in dementia prevalence and incidence is equivocal, with
contradictory findings in specific countries using various (and in some cases the same) datasets
(e.g., the United States, the United Kingdom, and Sweden) (Stephan et al., 2018). Prior
research investigating trends in dementia prevalence within the Australian context has been
relatively limited. In 2010, a seminal study conducted by Anstey et al. employed data from two
National Surveys of Mental Health and Wellbeing (NSMHW) conducted by the ABS and the
Dynamic Analyses to Optimising Ageing (DYNOPTA) longitudinal study to estimate the
prevalence of dementia among the population aged 65 and older (Anstey et al. 2010).
Australian dementia prevalence estimates, derived from DYNOPTA, NSMHW 1997, and
NSMHW 2007, were compared to those from European meta-analyses. However, the

reliability of these estimates for future projections was questionable, as they assumed a static
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age-specific prevalence rate despite an ageing population. Limited research, primarily a
retrospective analysis of long-term care residents, has examined temporal trends in dementia

prevalence in Australia (Harrison et al. 2020).

Geographic disparities in the incidence of non-communicable disease are critical for public
health interventions because they reveal illnesses with higher-than-average prevalence or “hot
spots”. A prior study reported a within-country disparity in the prevalence of AD in western
European countries (Russ et al. 2015). Another systematic review and meta-analysis found that
dementia prevalence is greater in rural areas (Russ et al. 2012). This research was conducted
in the United States, Canada, the United Kingdom, Italy, Turkey, Nigeria, China, Peru, Mexico,
and India. Previous research identified several environmental factors as potential risk factors
for dementia. Notably, studies have demonstrated an association between exposure to elevated
levels of air pollution in urban environments and cognitive decline, as well as an increased risk
of AD (Chin-Chan et al. 2015; Costa et al. 2017). Recent research has demonstrated a potential
positive association between access to green spaces and cognitive performance (Zijlema et al.
2017; Cherrie et al. 2018). This association may be more pronounced in areas with greater
access to green spaces, typically found outside urban centres. Furthermore, research findings
indicate that individuals residing in close proximity to major roads exhibit an elevated risk of
dementia, even after controlling for the potentially confounding effects of air pollution (Chen
et al. 2017). This evidence suggests that dementia may exhibit a higher prevalence in urban
environments, contrary to the findings of most prior research. Notably, the Sax Institute’s 45
and Up Study, conducted among residents of New South Wales, represents the only Australian
study specifically investigating the influence of geographic location on AD risk (Astell-Burt et
al. 2020). Utilising multilevel longitudinal analysis, the study demonstrated a significantly
lower risk of AD among individuals residing in rural and outlying locations compared to those

residing in metropolitan areas.

2.2 Chronic pain and dementia

Emerging evidence from observational and experimental studies suggests a link between
chronic pain and an increased risk of neurocognitive impairment, including AD and related
dementias (Berryman et al. 2013; Cao et al. 2019; Cravello et al. 2019; Khalid et al. 2020,
2022; Kao et al. 2021). Cross-sectional studies have consistently demonstrated a significant

correlation between chronic pain and a decline in overall cognitive function. For instance, a
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previous study reported a notably higher incidence of cognitive impairment (Adjusted Odds
Ratio: 1.88) among individuals experiencing neuropathic pain compared to the general Spanish
population (Povedano et al. 2007). Consistent with other cross-sectional studies, a recent study
conducted in China demonstrated a significant association between frequent pain and an
increased risk of dementia development. Individuals reporting frequent pain exhibited a 1.34-
fold higher likelihood of developing dementia compared to those without pain (Duan et al.
2024). A study conducted in the United States demonstrated that adults experiencing pain
interference, regardless of osteoarthritis presence, exhibited an increased risk of developing
Alzheimer’s disease and related dementias (ADRD) (lkram et al. 2019). Furthermore, a study
conducted in the United States demonstrated a statistically significant association between pain

interference and a decline in overall cognitive performance (van der Leeuw et al. 2016).

The relationship between chronic pain and cognitive decline is currently being investigated
more extensively through a growing body of longitudinal cohort studies (Whitlock et al. 2017;
Kao et al. 2021; Rouch et al. 2022; Tian et al. 2023). A longitudinal cohort study encompassing
10,065 older adults in the United States revealed that individuals experiencing persistent pain
exhibited a more pronounced decline in memory function over time, with a 9.2% steeper
decline in memory scores compared to those without pain. Furthermore, this cohort
demonstrated a significantly higher prevalence of dementia (7.7%) among individuals with
persistent pain (Whitlock et al. 2017). Consistent with previous findings, a Taiwanese study
demonstrated a significantly elevated risk of dementia development among individuals aged
over 50 years experiencing pain. The adjusted hazard ratio for dementia development in this
population was 1.21 (95% CI: 1.15-1.26), indicating a 21% increased risk compared to
individuals without pain (Kao et al. 2021). A recent study demonstrated a significant
association between the number of chronic pain conditions experienced by individuals and an
elevated risk of developing dementia and AD (Tian et al. 2023). It is essential to acknowledge
that the existing literature on the association between chronic pain and cognitive impairment
exhibits some inconsistencies, with certain studies failing to demonstrate a significant
relationship (Veronese et al. 2018; Rouch et al. 2022). These studies posit that pain may
represent a related factor or an early symptom of dementia, rather than a primary etiological
factor (Kumaradev et al. 2021). Two recent meta-analyses have yielded divergent findings
regarding the relationship between chronic pain and cognitive decline. While one meta-
analysis, encompassing 37 studies, demonstrated a significant association (Xueying Zhang et

al. 2021), another meta-analysis of 10 longitudinal cohort studies failed to establish a robust
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association (de Aguiar et al. 2020). These discrepancies may be attributed to variations on
research design, methodologies employed for assessing pain and cognitive function, the
characteristics of the study populations, and the diagnostic criteria for dementia employed
across the included studies.

2.3 Dementia, chronic pain, and self-care limitations

Previous research has consistently identified cognitive impairment as a significant predictor of
subsequent declines in Activities of Daily Living (ADL) (Barberger-Gateau and Fabrigoule
1997; Pedone et al. 2005; McGuire et al. 2006). Utilising the World Health Organization
Disability Assessment Schedule 2.0, a Taiwanese study demonstrated that individuals with
dementia experienced significant functional limitations across all six key domains of activity
(Huang et al. 2016). Furthermore, research conducted within the United States has
demonstrated a significant association between cognitive impairment and an increased risk of
functional decline, encompassing both ADLs and Instrumental Activities of Daily Living
(IADLs) (McGrath et al. 2020). A study conducted in Taiwan, employing the IADL scale,
demonstrated that medication management and shopping emerged as the most discriminating
activities in differentiating between individuals with MCI and those with normal cognitive
function (Lee et al. 2019).

Prior research has consistently demonstrated a significant association between pain and
functional limitations (Eggermont et al. 2014; Makris et al. 2014; Stamm et al. 2016;
Valderrama-Hinds et al. 2017). Individuals with musculoskeletal conditions, such as
osteoarthritis and chronic back pain, frequently experience limitations in their ability to
perform specific ADLs. These limitations often include difficulties with tasks such as heavy
chores, bending, kneeling, and ascending stairs (Stamm et al. 2016). Another study revealed a
significant association between mobility impairment, characterised by difficulties such as
walking a quarter mile or climbing stairs, and the presence of limiting back pain (Makris et al.
2014). Functional limitations, particularly those affecting the upper and lower extremities, are
frequently reported among older adults experiencing arthritic pain. These limitations can
manifest as difficulties performing activities such as raising arms above shoulder level, lifting

heavy objects, and manipulating small objects (Valderrama-Hinds et al. 2017).

Multimorbidity, defined as the presence of multiple diseases within a single individual,

represents a prevalent and debilitating health condition among older adults, frequently resulting
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in a progressive decline in functional capacity over time (Marengoni et al. 2009). Individuals
with dementia frequently exhibit multimorbidity, characterised by the coexistence of multiple
health conditions, including diabetes, osteoporosis, a history of falls and fractures, and heart
failure (Welsh 2019). AD, recognised as the most prevalent form of dementia, frequently
presents in conjunction with chronic pain (Cao et al. 2019). Recent research findings indicate
that the presence of chronic pain in multiple body regions constitutes a significant risk factor
for the development of dementia (Harris 2023; Haque et al. 2024). Previous research has
consistently demonstrated that both dementia and chronic pain independently constitute
significant risk factors for declines in ADLs. However, the literature examining the combined
impact of co-occurring dementia and chronic pain on self-care limitations remains relatively
limited. While some studies conducted in the United States have investigated the impact of
other co-occurring conditions, such as visual or auditory impairments, in conjunction with
dementia, the specific influence of co-occurring dementia and chronic pain on self-care
limitations remains understudied (Patel et al. 2020; Assi et al. 2021). A United States study
found that adults with dementia and self-reported visual impairment exhibited poorer
functional activity than expected when considering the individual impacts of each condition
alone (Patel et al. 2020). Another cross-sectional study demonstrated that adults with dementia
and concomitant dual sensory impairments, encompassing both visual and auditory
impairments, exhibited a significant increase in both mobility limitations and restrictions in

self-care activities (Assi et al. 2021).

2.4 Socio-economic inequalities in health-related quality of life and the
contribution of cognitive impairment

Among the key indicators for assessing health inequalities across socio-economic groups,
health-related quality of life (HRQoL) has gained significant prominence (Djarv et al. 2013;
Arcaya et al. 2015; Rezaei et al., 2018) . Prior research has consistently established a positive
correlation between socio-economic status (SES) and HRQoL (Kind et al. 1998; Burstrom et
al. 2001; Djarv et al. 2013). Previous research has highlighted the significant impact of various
factors on HRQoL, including age, healthcare access, financial status, education, chronic illness,
and lifestyle factors such as physical activity and smoking. While existing literature extensively
explores the primary determinants of HRQoL across different social groups, research
specifically examining socio-economic inequalities in HRQoL is limited. Notably, an Iranian

study investigating socio-economic inequality in HRQoL identified a pattern of “pro-rich
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inequality”, where individuals with low HRQoL experienced greater disparities in health
outcomes across socio-economic groups (Rezaei et al. 2018). The study identified income, a
sedentary lifestyle, the presence of chronic health conditions, and lack of health insurance
coverage as the four primary determinants of health inequalities among individuals
experiencing low HRQoL. These findings are consistent with the observation of a widening
disparity in health outcomes across the socio-economic gradient in Australia, indicating a

deterioration in health equity (Flavel et al. 2022).

While prior research has established an association between cognitive impairment and reduced
HRQoL in older adults, as evidenced by studies conducted in China, Sweden, and Turkey, the
literature lacks a comprehensive understanding of the mechanisms through which cognitive
impairment contributes to health inequalities across different socio-economic strata (Johansson
et al. 2012; Akdag et al. 2013; Pan et al. 2015). The CDC HRQOL-4 served as the primary
instrument for assessing HRQoL in the Turkish study, whereas the EQ-5D was utilised in the
Chinese and Swedish studies. However, it is important to note that other studies have yielded
findings that diverge from this pattern. For instance, research has demonstrated that cognitive
impairment may not exert a significant impact on HRQoL in specific populations, such as
residents of long-term care facilities (Elliott et al. 2009), individuals with dementia (Banerjee

et al. 2009), and older Canadians residing in institutionalised settings (Davis et al. 2015).

A recent longitudinal study conducted within the Australian context utilised the SF-36 and SF-
6D instruments to investigate the association between cognitive decline and HRQoL in a cohort
of older Australian adults (Keramat et al. 2023). The findings of this study indicated a
significant association between cognitive impairment and a decline in HRQoL. However, the
study did not delve into the specific mechanisms through which cognitive impairment may

contribute to socio-economic inequalities in HRQoL.

2.5 Cognitive impairment and health outcomes

Understanding the intricate relationship between cognitive impairment and health outcomes is
of critical significance, as it has profound implications for patient care. This knowledge will
empower healthcare providers to predict accurately and manage effectively the needs of
individuals with cognitive impairment, thereby potentially mitigating disease progression and
enhancing overall well-being. It is noteworthy that nearly 40% of individuals with cognitive

impairment reported that their medical practitioners were unaware of their condition,
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highlighting a critical gap in current clinical practice (Chodosh et al. 2004). Self-assessed
health, representing an individual’s subjective evaluation of their overall health status,
constitutes a widely utilised metric for assessing health outcomes in various research contexts.
Empirical evidence supports the validity of self-assessed health as an independent indicator of
health status, even among individuals experiencing the early stages of dementia or MCI
(Walker et al. 2004). Prior research has employed a diverse range of measures to assess self-
reported health outcomes, including measures of general health (Lee 2000; Dwyer-Lindgren et
al. 2017), mental health (Lee 2000), self-assessed health (Hu et al. 2016) and health satisfaction
(Paul et al. 2016).

Cognitive impairment has been demonstrated to be associated with a spectrum of adverse
health outcomes, including an elevated risk of mortality, an increased likelihood of developing
dementia, heightened rates of disability and hospitalisation, and a subsequent decline in overall
quality of life (Chen et al. 2022; Pike et al. 2022; Keramat et al. 2023). Prior longitudinal
research has consistently demonstrated a significant association between cognitive function
and physical performance in older adult populations. Notably, cognitive measures have been
shown to possess predictive value regarding declines in both ADLs and IADLs (Tabbarah et
al. 2002; Wang et al. 2002; Atkinson et al. 2007). Cognitive impairment has been identified as
a significant risk factor for a range of mental health conditions, including depression and
anxiety, as demonstrated by previous research (Yates et al. 2013). Furthermore, a recent study
conducted by Stone et al. (2023) revealed that individuals with cognitive disorders, including
autism spectrum disorder, attention-deficit/hyperactivity disorder, and memory impairments,
exhibit lower levels of subjective well-being and health satisfaction when compared to the

general population.

2.6 Physical activity and health-related quality of life in people living with
cognitive impairment

Individuals with cognitive impairment are more likely to be physically inactive (Vancampfort,
Stubbs et al. 2017), which can increase their risk of further cognitive decline (Aichberger et al.
2010) and the development of dementia (Grande et al. 2014). Physical inactivity, compounded
by chronic illnesses, has profound adverse effects on health and well-being, leading to reduced
physical performance, poorer overall health, and diminished HRQoL (Megari 2013;
Vancampfort, Koyanagi et al. 2017). HRQoL is a crucial measure for understanding the health
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and well-being of older adults, offering insights into their overall quality of life as they age,

and guiding the prevention and management of various illnesses (Chai et al. 2010).

Regular physical activity has well-documented physical and mental health benefits (Marquez
et al. 2020). Both cross-sectional (Anokye et al. 2012; Brown et al. 2014; Halaweh et al. 2015)
and longitudinal studies (Balboa-Castillo et al. 2011; Xuxi Zhang et al. 2021) consistently show
that engaging in the recommended levels of physical activity enhances HRQoL, particularly in
the general older population. Additionally, a recent systematic review highlighted that frequent
physical activity improves functional mobility, independence, balance, and social interactions,
and reduces anxiety, in older adults (Baldelli et al. 2021). While some studies in Australia have
shown a positive relationship between physical activity and HRQoL, their focus has largely
been on the general population (Perales et al. 2014) or on older people with disabilities
(Keramat et al. 2022).

For individuals with cognitive impairment and dementia, physical activity emerges as a
protective factor, positively influencing both cognitive and non-cognitive functions (Laurin et
al. 2001; Wang et al. 2014; Demurtas et al. 2020). A meta-analysis of 18 randomised controlled
trials revealed that physical activity significantly improves cognitive function and quality of
life in people living with dementia (Groot et al. 2016). Moreover, physical activity is a cost-
effective and low-risk intervention to enhance brain health and cognitive function in older
adults (Angevaren et al. 2008). Compared to the general population, individuals with
disabilities, including those with cognitive impairment, can experience even greater benefits
from physical activity, improving their overall well-being and quality of life (Rosenbaum et al.
2014; Groot et al. 2016). The WHO recommends that older adults engage in at least 150
minutes of moderate-intensity aerobic activity or 75 minutes of vigorous-intensity activity
weekly, combined with strength training, to help mitigate cognitive decline (World Health
Organization 2010). However, despite national efforts to promote physical activity, only 18%
of Australian adults met the recommended guidelines in 2022 (Australian Institute of Health
and Welfare 2022). This underscores the urgent need for targeted interventions to promote
physical activity, particularly among those with cognitive impairment, to improve their

HRQoL and overall health outcomes.
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2.7 Research gap

Dementia prevalence is steadily increasing in Australia, posing a significant public health
challenge. Understanding the risk factors associated with dementia is crucial for developing
effective preventive strategies. However, existing studies in the Australian context have
significant limitations. Specifically, there is limited evidence on dementia risk factors within
the older population using nationally representative datasets. For instance, the role of
geographic remoteness and chronic pain as potential contributors to dementia risk remains

underexplored.

While the global literature provides some insights into the association between dementia and
its adverse health outcomes, these relationships have received limited attention in the
Australian context. Notably, the links between dementia and cognitive impairment with self-
care limitations and health outcomes—such as general health, mental health, health
satisfaction, and self-assessed health—remain unexplored. Additionally, the role of cognitive
impairment in contributing to socio-economic inequalities in HRQoL has been insufficiently
investigated, particularly through longitudinal research designs. Moreover, the potential of
physical activity as an intervention to enhance the well-being of individuals living with

cognitive impairment has yet to be comprehensively examined in Australia.

This study aims to address these critical gaps in the literature by leveraging data from two
nationally representative surveys: the SDAC and the HILDA survey. It provides the first
systematic investigation into the risk factors, adverse health outcomes, and improvement in
HRQoL of people living with cognitive impairment and dementia in Australia. By employing
both cross-sectional and longitudinal research designs, this research generates robust evidence
to inform policies and interventions aimed at mitigating the burden of dementia and improving

quality of life for affected populations.
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CHAPTER 3: PAPER 1 - CHANGES IN THE PREVALENCE
OF DEMENTIA AND ITS ASSOCIATION WITH
GEOGRAPHIC REMOTENESS

3.1 Introduction

This chapter presents the first study of the thesis, focusing on recent changes in the prevalence
of dementia and the role of geographic remoteness as a potential risk factor. Despite its growing
public health significance, the precise prevalence of dementia in Australia remains uncertain
owing to varying methodologies and the absence of a single reliable data source. While the
AIHW provides national-level data, limited insights exist regarding differences within the
country, particularly between urban and remote areas. Most previous studies have relied on
aged care institutional data, which often exclude household populations, leading to potential
underestimations. This study is the first to analyse dementia prevalence trends in Australia
using a nationally representative dataset encompassing both household and institutional care
accommodations. Additionally, it explores the relationship between geographic remoteness

and dementia, addressing the unique challenges posed by Australia’s vast geographic distances.
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Abstract

Background

The exact prevalence of dementia in Australia is ambiguous. Australia is a vast continent
with a small population, and 80% of the population live in five cities. This study explores
recent changes in the prevalence of dementia. It also investigates geographic remoteness
as a potential risk factor for developing dementia.

Methods

Survey of Disability, Ageing and Carers (SDAC), a nationally representative database, was
used to conduct this study. A total of 74,862 and 65,487 individuals from 2015 and 2018,
respectively, were considered for this study. A multivariable logistic regression model was
used to evaluate the association between dementia and geographic remoteness for older
adults aged 65 years and over.

Results

The results reveal that from 2015 to 2018, the prevalence of dementia among adults aged
65 years and older was higher in 2018 (5,229 per 100,000) than in 2015 (5,099 per
100,000). Significant geographical differences in the prevalence of dementia are observed
among Australian adults, and this trend appears to be increasing. Furthermore, the unad-
justed model revealed that, in 2015, older adults living in major cities had 1.29 (AOR: 1.29,
95% ClI: 1.17-1.41) times higher odds of having dementia compared with their counterparts
from outer regional and remote areas. In 2018, the adjusted model found that older adults
living in major cities had 1.12 (AOR: 1.12, 95% CI: 1.01-1.25) times elevated odds of having
dementia than their peers living in outer regional and remote areas.
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Abbreviations: ABS, Australian Bureau of
Statistics; AOR, Adjusted Odd Ratio; Cl, Confidence
Interval; DYNOPTA, Dynamic Analyses to Optimise
Ageing; NSMHW, National Surveys of Mental
Health and Wellbeing; SDAC, Survey of Disability,
Ageing, and Carers; WHO, World Health
Organization.

Conclusion

There is a rising prevalence of dementia in Australia. Further investigation is required to
identify the causes of this increase. Increased public health initiatives should concentrate on
behavioural characteristics and contextual environmental factors to ameliorate this trend.

Introduction

Despite the projected increase of people living with dementia worldwide from approximately
55 million in 2020 to 139 million in 2050 [1], it is unknown how the prevalence of dementia
will be in the future. According to the literature, there is no indication that the age-specific
prevalence of dementia will change globally [2]. Nevertheless, the World Health Organization
warned that estimates might not be reliable, particularly for older age groups [3]. For example,
most research has found that estimates of the prevalence and incidence of dementia have likely
decreased or remained stable over time in countries such as Nigeria, the Netherlands, the
United Kingdom, Spain, Sweden, and the United States [4]. Japan, on the other hand, showed
an increased prevalence of dementia [5, 6]. An earlier systematic review also concluded that
the evidence on secular changes in dementia prevalence and incidence is equivocal, with con-
tradictory findings in specific countries using various (and in some cases the same) datasets
(e.g., the USA, the UK, and Sweden) [7]. Increasing education levels and implementing public
health initiatives targeted at improving cardiovascular health are some changes to the primary
causes of dementia risks that may help to lower prevalence rates. Conversely, a Western diet
and an increase in sedentary behaviour may be responsible for a rise in dementia prevalence in
several countries, including Japan [8].

Only a few previous studies have tried to determine trends in dementia prevalence in Aus-
tralia. In 2010, Anstey and colleagues used information from two National Surveys of Mental
Health and Wellbeing (NSMHW) conducted by the Australian Bureau of Statistics (ABS) and
Dynamic Analyses to Optimising Ageing (DYNOPTA), a longitudinal study, to estimate the
expected prevalence of dementia among individuals aged 65 years and older [9]. Later, these
results were compared with estimates of the prevalence of dementia derived from meta-analy-
ses of European studies. The Australian estimates found that the prevalence rates of probable
dementia for those aged 65 to 69 years were, respectively, 3.78%, 6.22%, and 4% in three dis-
tinct surveys: DYNOPTA, NSMHW 1997, and NSMHW 2007. In these surveys, the prevalence
of probable dementia among those aged 70 to 74 years was 5.16%, 9.09%, and 5.02%, respec-
tively. DYNOPTA estimations were 10.63%, 16.32%, and 22.36% for the age groups of 75 to
79, 80 to 84, and 85 to 89, respectively. However, the NSMHW survey revealed less conformity
with the meta-analyses, even though the DYNOPTA dataset was comparable to estimates
obtained from meta-analyses, indicating that these are untrustworthy sources of information
for forecasts. Since the population is expected to continue to age and it is assumed that the
age-specific prevalence of dementia will not change, projection estimates for the future scale of
dementia are mostly based on these assumptions. Only one recent study has looked at changes
in dementia prevalence over time in Australia. However, it was a retrospective analysis of older
adults who exclusively used long-term care [8]. According to the authors, age- and sex-stan-
dardized prevalence (95% confidence interval) of dementia decreased for those utilising long-
term care from 50.0% (49.6, 50.5) in 2008 to 46.6% (46.0, 47.2) in 2014 and for those utilising
home care from 25.9% (25.0, 26.5) in 2005 to 20.9% (20.2, 21.7) in 2014.

Geographic disparities in the incidence of non-communicable diseases are critical for pub-
lic health interventions because they reveal illnesses with higher-than-average prevalence or
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’hot spots’ [10]. Most Western European nations have within-country disparities in Alzhei-
mer’s disease, according to a previous study [11]. However, a systematic review found that
only a few studies have investigated the environmental causes of Alzheimer’s disease [12].
According to a previous systematic review and meta-analysis, those who have lived or cur-
rently reside in rural settings are more likely to have dementia [13]. This research was con-
ducted in the United States, Canada, the United Kingdom, China, India, Italy, Nigeria,
Turkey, Peru, and Mexico.

Prior studies have identified several environmental contributors as risk factors for demen-
tia. For example, the concentration of air pollution in metropolitan areas may degrade cogni-
tive function and raise the risk of Alzheimer’s disease [14, 15]. According to recent studies,
being around green space may improve cognitive performance [16, 17], which is more preva-
lent outside of cities. Furthermore, even after controlling for air pollution, those who live close
to major roads have been found to have an increased risk of dementia [18]. This evidence
implies that dementia is more prevalent in urban than rural areas, notwithstanding the find-
ings of most preceding studies. The Sax Institute’s 45 and Up study data for residents of New
South Wales was the only Australian study to examine differences in Alzheimer’s disease risk
based on geography [19]. The study found that the risk of Alzheimer’s disease was lower in
rural and outlying locations compared to metropolitan cities using multilevel longitudinal
analysis.

The precise prevalence of dementia is currently unknown in Australia because of multiple
methodologies and the absence of a single reliable data source [20]. The Australian Institute of
Health and Welfare provides data on dementia prevalence at the national level. Still, little is
known regarding geographic remoteness and within-country differences, such as remote area
living versus cities. Earlier studies on dementia prevalence in Australia were conducted using
routinely collected aged care institutional data. However, this is the first study to look at trends
in dementia prevalence in Australia using a nationally representative dataset that includes
household and institutional care accommodation components. Investigating the relationship
between geographic remoteness and dementia in Australia might also be prudent because of
the significant geographic distances encountered. Therefore, this study intends to examine
trends in dementia prevalence in Australia from 2015 to 2018 and to establish a link between
dementia risk and geographic remoteness.

The present study is novel since it includes the distribution and comparison of dementia
prevalence across Australian cities and rural-urban areas and the association between geo-
graphic remoteness and dementia using a nationally representative dataset for the first
time.

Methods
Data source and settings

The current study uses microdata from the Survey of Disability, Ageing, and Carers (SDAC), a
nationally representative household survey conducted by the ABS. A stratified, multi-stage
area sample created by the ABS was used to choose the households. Computer-assisted per-
sonal interviews were used to gather data by trained interviewers. Instrument development
and data collection methods adopted by the ABS are specified elsewhere [21, 22]. The survey
was conducted in all states and territories, in both urban and rural locations. It included people
who resided in private residences/households and institutions, including nursing homes, hos-
pitals, and retirement communities. The SDAC includes data to assess the prevalence of dis-
ability and the need to aid persons with disabilities. It also provides a socioeconomic and
demographic profile of individuals with disabilities, older adults, and caregivers compared to
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the general population. In addition, the dataset contains information about individuals with
disabilities, long-term health conditions, and older adults.

Study participants

Following comparable surveys conducted in 1981, 1988, 1993, 1998, 2003, 2009, 2012, and
2015, the 2018 SDAC is the seventh national survey. However, information concerning
dementia, the primary variable of interest, is available only in 2015 and 2018. Therefore, this
study considered data from these two rounds. The total sample comprised 74,862 and 65,487
individuals from private (e.g. houses and flats) and non-private dwellings (e.g. hotels and
motels), and institutional cared accommodation establishments (e.g. hospitals and residential
aged care) in 2015 and 2018, respectively. The study participants aged 65 years and older num-
bered 20,671 and 20,081 in 2015 and 2018, respectively. Distribution of the participants are
displayed in Fig 1.

Qutcome variable

The primary focus of the current study is dementia, which was ascertained by self-reported
and carer responses to the question "do you/persons have dementia?". The answer came from
a binary choice of "yes" or "no". A follow-up question was to ask who else in the household had
dementia. Dementia data was collected from both households and cared accommodation. The
data obtained from the household component, which includes both private and non-private
dwellings, is primarily derived from self-reported responses. Alternatively, a proxy, such as a
carer, may provide the information in cases where the individual of interest is unable to
respond on their own behalf. However, in the context of cared accommodation, the survey is
not reliant on self-reporting, but rather is administered by carer who is obligated to document
any chronic medical conditions. The scope of the gathered data was confined to the knowledge
that can reasonably be anticipated from medical, nursing, and administrative records accessi-

ble to staff.

Exposure variable

Geographic remoteness was the exposure of interest measured by the Accessibility Remoteness
Index of Australia (ARIA). The ABS reclassified it into the following categories: i) "major city,"
(ii) "inner regional area,” (iii) "outer regional,” (iv) "remote”, and (v) "extremely distant" [23].

[ survey of Disabity, Ageing and Carer (5DAC) |

SDAC 2015 { SDAC 2015

[ 373862 |« ol survey pasticipats tallage grovp) } o eesas |
Participants reported as Participants reported as
having dementia having dementia
(Allage group) (All age group)
L = 6,053
(5,531 from cared (5,777 from cared
accommodation, and accommodation, and
289 from private and non- 276 from private and pon-
private dwelling) ! private dwelling)
‘Total survey participants (ageing 65 years
and older)
Partcipants eporied 25 Ry craad
having dementia s Caiel
(Ageing 65 years and older) (Ageing 65 \;;:;m older)
n=5,662 .
(5,409 from cared (5,615 from cared

ac and accommodation, and 257
253 from private and noa- from private and non-
private dwelling) private dwelling)

Fig 1. Distribution of study participants and year of survey.

https://doi.org/10.1371/journal pone.0289505.g001
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Due to the small numbers in each group, individuals from "outer regional," "remote," and
"very remote" areas in the SDAC dataset were combined into one category as "outer regional
or remote area."

Confounders

The SDAC’s cared-accommodation component collected limited data than the household
component since some topics were either unsuitable for proxy data collection or irrelevant to
people living in cared-accommodation [24]. Thus, this study could not sustain all potential
confounders to conduct a complete case analysis because most data on people with dementia
came from care accommodation. Covariates included in this study were age (65-69, 70-74,
75-79, 80-84, and 85 years or older), sex (male and female), and country of birth (Australia,
English-speaking countries, and non-English-speaking countries).

Estimation strategies

The current study uses Basic Confidentialised Unit Records Files from the 2015 and 2018 data-
sets for cross-sectional analysis. A weighted percentage was used to ensure that the individual
estimate conforms to an independently determined distribution of the Australian population.
The STATA command "svy set” was utilised in the analysis to handle the intricate survey
design.

The characteristics of the study subjects have been compiled as frequency (n) and weighted
percentage (%) with 95% confidence intervals (CIs). The chi-square test was used to examine
the bivariate correlation between the primary variable of interest and covariates associated
with the outcome variable. Only those predictors with a statistically significant level of 5% or
less in the bivariate analysis were included in the adjusted model.

Multivariable logistic regression models examined the association between dementia and
geographic remoteness. The logistic regression results were expressed as adjusted and unad-
justed odds ratios (ORs) with 95% ClIs, and a P-value at <0.05 level was found to be statistically
significant. STATA 16 (Stata Corp LLC) was used to conduct the analysis, including cross-tab-
ulation, regression, and summary statistics.

Results

Fig 2 displays the changes in the prevalence of dementia for older Australians from 2015 to
2018. Fig 2 also shows that the prevalence rate of dementia among people aged 65 years and
older increased from 5,099 per 100,000 in 2015 to 5,229 per 100,000 in 2018.

Fig 3 illustrates the state-wise change in the prevalence (overall) of dementia in Australia.
New South Wales, Victoria, and Western Australia observed an increased prevalence of
dementia from 2015 to 2018. Victoria experienced a noticeable increase in the prevalence of
dementia from 4,881 per 100,000 in 2015 to 5,637 per 100,000 in 2018. However, during the
study period, South Australia, Tasmania, Northern Territory, Queensland and the Australian
Capital Territory showed a decreasing trend in dementia prevalence.

Fig 4 demonstrates the changes in the prevalence (overall) of dementia from 2015 to 2018
by geographic remoteness. A substantial increase in the prevalence of dementia in major cities
has been observed (from 5,010 in 2015 to 5,590 in 2018 per 100,000). Fig 4 also reveals that
dementia among people living outer regional and remote areas dropped from 4,810 to 3,760
per 100,000 between 2015 and 2018.

Table 1 shows the changes in the prevalence of dementia in Australia by age and gender
from 2015 to 2018. The overall prevalence of dementia rose from 0.84% to 0.89%. In addition,
the prevalence of dementia among Australians aged 65 years and older increased from 5.10%
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Fig 2. Changes in prevalence of dementia (per 100,000) in Australia, 2015-2018.
https://doi.org/10.1371/journal.pone.0289505.g002

to 5.23%. In both years, the largest prevalence was observed among individuals aged 85 years
and older. Male prevalence of dementia increased while female prevalence decreased among
older Australians.

Table 2 describes the socio-demographic characteristics of older adults with dementia that
changed between 2015 and 2018. In both years, around 47-48% of older adults with dementia
was found in the age group of 85 years and older. Among older adults with dementia, the pro-
portion of women was found higher compared to men (62.33% vs 37.67% in 2015 and 57.54%
vs 42.46% in 2018). The percentage of older adults with dementia climbed Australia’s major

Australian Capital Territory
Northern Territory
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Western Australia
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]
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Fig 3. Changes in the prevalence of dementia (per 100,000) by state, 2015-2018.
https://doi.org/10.1371/journal.pone.0289505.g003
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Fig 4. Changes in the prevalence of d ia (per 100,000) by geographic remoteness in Australia, 2015-2018.
https://doi.org/10.1371/journal pone.0289505.9004

cities from 65.97% in 2015 to 71.78% in 2018, whereas it decreased in inner regional, outer
regional, and remote areas during the study period. In comparison with 2015, persons with
dementia who were born in Australia decreased in 2018; however, at the same time, the preva-
lence of dementia among those who were born in either English-speaking (except Australia)
or other non-English speaking countries showed substantial increases.

Table 3 displays the unadjusted and adjusted multivariate logistic regression analyses for
the association between dementia and geographic remoteness in 2015 and 2018. In 2015,
although the adjusted model showed no significant association between dementia and geo-
graphic remoteness, the unadjusted model showed a significant association that older adults
living in major cities had 1.29 (AOR: 1.29, 95% CI: 1.17-1.41) times higher odds of having

Table 1. Weigh e by age and sex in Australia.
SDAC 2015 SDAC 2018

n % (95% CI) n % (95% CI)
Dementia prevalence (overall) 74,862 0.84 (0.78-0.89) 65,487 0.89 (0.82-0.96)
Dementia prevalence (age 65 years and older) 20,671 5.10 (4.76-5.46) 20,081 5.23 (4.85-5.64)
Dementia prevalence by Age
Below 65 years 54,191 0.07 (0.05-0.09) 45,406 0.07 (0.04-0.10)
65-69 years 3,823 0.85 (0.60-1.22) 3,406 0.87 (0.59-1.28)
70-74 years 3,135 2.20 (1.67-2.89) 3,357 1.99 (1.49-2.66)
75-79 years 2,972 3.90(3.21-4.72) 2,854 5.29 (4.36-6.39)
80-84 years 3,183 8.81(7.58-10.21) 3,056 8.02 (6.81-9.42)
85 years and older 7,558 19.07 (17.52-20.73) 7,408 19.83 (17.95-21.86)
Dementia prevalence by Sex (overall)
Male 34,987 0.65 (0.57-0.73) 30,302 0.77 (0.68-0.88)
Female 39,875 1.02 (0.94-1.11) 35,185 1.00 (0.91-1.10)
Dementia prevalence by Sex (age 65 years and older)
Male 8,033 4.12 (3.65-4.65) 7,831 4.74 (4.17-5.38)
Female 12,638 5.96 (5.50-6.45) 12,250 5.66 (5.18-6.18)

https://doi.org/10.1371/journal.pone.0289505.t001
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Table 2. Weighted sample characteristics of participants reported as having dementia (aged 65 years and older).

SADC 2015 SADC 2018
Dementia (n = 5,662) Dementia (n = 5,872)

n % (95% CI) P Value n % (95% CI) P Value
Age
65-69 years 161 5.41(3.82-7.61) <0.001 186 5.11(3.51-7.39) <0.001
70-74 years 302 10.48 (8.09-13.46) 398 9.98 (7.56-13.07)
75-79 years 603 13.59 (11.33-16.22) 644 18.25 (15.30-21.62)
80-84 years 1,076 21.61 (18.85-24.65) 1,119 19.05 (16.37-22.05)
85 years and older 3,520 48.92 (45.52-52.32) 3,525 47.60 (43.78-51.46)
Sex
Male 1,710 37.67 (34.30-41.17) <0.001 1,875 42.46 (38.81-46.19) <0.001
Female 3,952 62.33 (58.83-65.70) 3,997 57.54 (53.81-61.19)
Accessibility and remoteness index
Major cities in Australia 3,787 65.97 (62.62-69.17) <0.001 4,111 71.78 (68.12-75.16) <0.001
Inner regional Australia 1,265 23.21 (20.38-26.30) 1,182 20.92 (17.95-24.23)
Outer regional and remote area 610 10.82 (8.89-13.10) 579 7.31(5.41-9.79)
Country of birth
Australia 3,797 65.76 (62.48-68.90) <0.002 3,728 58.65 (54.71-62.78) <0.001
Other English Speaking Countries 718 10.94 (9.20-12.96) 733 13.29 (10.83-16.22)
Non-English-speaking countries 1,147 23,30 (20.45-26.41) 1,411 28.06 (24.65-31.85)

Abbreviations: CI: Confidence Interval

https://doi.org/10.1371/journal.pone.0289505.1002

dementia compared with their counterparts from outer regional and remote areas. In 2018,
both unadjusted and adjusted models showed a significant association between dementia and
geographic remoteness. The adjusted model revealed that, in 2018, older adults living in major
cities had 1.12 (AOR: 1.12, 95% CI: 1.01-1.25) times elevated odds of having dementia com-
pared with their peers living in outer regional and remote areas.

Discussion

Over the three-year study period, the results demonstrate variations in the prevalence of demen-
tia in Australia. They showed a significant regional disparity in frequency and an overall upward
trend in dementia. Secondly, using cross-sectional nationally representative data, it was revealed
that dementia was associated with geographic remoteness and that individuals residing in major
cities had a higher risk of developing the disease than those in outer regional and rural locations.

The results demonstrate that the prevalence of dementia increased in Australia from 2015
to 2018. This result is consistent with eight extensive population studies conducted in Japan
between 1985 and 2012, where all causes of dementia prevalence among those aged 65 years
and over were increasing which ranged from 5.6% to 11.3% [6]. However, a study in the
United States of America found that camulative hazard rates of dementia were 3.6, 2.8, 2.2,
and 2.0 per 100 persons during the first (the late 1970s to early 1980s), second (late 1980s to
early 1990s), third (late 1990s to early 2000s) and fourth (late 2000s to early 2010s) epochs,
respectively [25]. Other studies in the United Kingdom [26], Sweden [27], and Spain [28] for
men alone, have also found a decrease in the prevalence or incidence of dementia. In addition,
another study in the Netherlands reported a reduction in the prevalence of dementia, albeit
without statistically significance [29].
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Table 3. Multivariate analysis for the adjusted association between dementia and geographic remoteness.

SDAC 2015 SDAC 2018
n = 20,671 n = 20,081
UOR (95%CI) AOR (95%CI) UOR (95%CI) AOR (95%CI)

Age
65-69 years 1.0 (Reference) 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)
70-74 years 242" (1.99-2.95) 2.42%% (1.99-2.95) 2.33%%% (1.94-2.79) 2.33%%* (1.94-2.79)
75-79 years 5.79%** (4.83-6.94) 5.71%** (4.76-6.85) 5.04** (4.25-5.99) 5.01%** (4.22-5.96)
80-84 years 11.62** (9.76-13.82) 11.37*7* (9.55-13.53) 10.00™** (8.48-11.8) 9.81""* (8.32-11.57)
85 years and older 19.83™* (16.83-23.37) 18.99%" (16.11-22.4) 15.72%** (13.46-18.34) 1519 (13-17.73)
Sex
Male 1.0 (Reference) 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)
Female 1.68™** (1.58-1.8) 1.23%%*(1.14-1.32) 1.54%%* (1.44-1.64) 1.18™** (1.1-1.26)

Accessibility and remoteness index

Major cities in Australia

1.29*** (1.17-1.42)

1.06 (0.96-1.19)

1.20%¥*(1.08-1.33)

1.12%(1.01-1.25)

Inner regional Australia

1.28%** (1.15-1.43)

1.11 (0.98-1.25)

0.99 (0.88-1.11)

0.99 (0.87-1.12)

Outer regional and remote area
Country of birth

1.0 (Reference)

1.0 (Reference)

1.0 (Reference)

1.0 (Reference)

Australia

1.0 (Reference)

1.0 (Reference)

1.0 (Reference)

1.0 (Reference)

Other English Speaking Countries

Non-English-speaking countries

0.89% (0.81-0.98)
1.09* (1.01-1.18)

0.97 (0.87-1.07)
1.16™** (1.06-1.27)

0.95 (0.86-1.04)
1.32%%%(1.22-1.42)

0.97 (0.88-1.07)
1.27%%%(1.17-1.37)

Abbreviation: UOR: Unadjusted Odds ratio; AOR: Adjusted Odds Ratio; CI: Confidence Interval

P values:
P 0.001,
**P<0.01;
*P<0.05

https://doi.org/10.1371/journal.pone.0283505.1003

In contrast to our findings, earlier Australian research, along with those of the majority of
high-income nations, showed a downward trend in dementia prevalence. For example, in one
retrospective study, dementia prevalence among older adults aged 65 years and older who
used long-term aged care services between 2005 and 2014 was investigated [8]. According to
that study, aged care service users in Australia experienced a decline in age- and sex-standard-
ised dementia prevalence, which fell from 50% in 2008 to 46.6% in 2014. However, earlier in
2010, Anstey and colleagues compared the prevalence rates of dementia based on meta-analy-
ses from European research to the probable dementia prevalence rates from the two most
important sources of population-based data in Australia [9]. The study concluded that the
incidence of dementia doubles approximately every five years within the age range of 70 to 84
years. However, the rate of escalation decelerates beyond this age range.

The observed rising trends in dementia could be due to a variety of factors. Earlier studies
considered only those individuals who accessed long-term care while this study employed a
nationally representative SDAC dataset. The aged care assessments employed in earlier studies
may have only captured around 80% of people with dementia, according to a prior study using
Australian-linked health data [30]. Hence, it is possible that previous studies underreported
dementia from an Australian perspective. The time frame of the analysis could be another fac-
tor. Earlier research used datasets from 2008 to 2016, but this analysis included data from 2015
to 2018.

Age is considered the most significant risk of dementia [31], and the percentage of people
aged 65 years and older in Australia with dementia rose from 12.2% to 15.7% over the 20 years
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between 1998 and 2018 [32], this may be a contributing factor to the growing prevalence of
dementia. Additionally, the prevalence of diabetes, high blood pressure, obesity, undernutri-
tion, depression, and brain injuries have increased over time in Australia; this may be a factor
in the rise in dementia rates [8]. Additionally, rising public knowledge of dementia may have
made functional and cognitive deficits that could have previously been written off as ‘normal
ageing’ now be included as dementia [6]. Recent research indicates that overall, 88% of Austra-
lians can recognise the symptoms of dementia from the written clinical vignettes [33], an
increase from 82% in a study conducted a decade ago [34]. Dementia might become more
prevalent if persons with a stroke or Transient Ischemic Attack (TTA) survive longer due to
advancements in medical care [6].

This study results also revealed that older Australians living in major cities had a higher risk
of dementia than those living in rural and outlying regions. In contrast to our findings, a prior
study using cross-sectional data claimed that the rate and frequency of Alzheimer’s disease
were greater in the countryside than in urban settings [13]. However, our results are consistent
with a prior Australian study where the authors used multi-level longitudinal analysis and con-
cluded that after adjusting for socio-demographic and geographic disadvantages as confound-
ers, compared to rural and remote places, major cities had a higher risk of Alzheimer’s disease
[35]. In addition, the findings of this study are consistent with research from Spain and the
UK, which found that the prevalence of Alzheimer’s disease was lower in rural areas than in
urban ones [36, 37]. In Australia, it was estimated that as of June 2020, two-thirds of older peo-
ple (aged 65 years and older) lived in major cities (66%, 2.7 million) [38]; this is the most likely
cause of the elevated incidence of dementia in metropolitan areas. Another potential explana-
tion for the higher risk of having dementia in urban areas might be environmental factors. For
example, earlier research identified chronic noise exposure, air pollution, and a paucity of
green space as probable risk factors for cognition reduction, which are more prevalent in met-
ropolitan areas [16-18, 39, 40].

It is possible that people residing in urban areas have a greater understanding of dementia
due to their higher levels of education and income, which could explain the higher rates of
people reported as having dementia in major cities compared to inner regional and outer
regional areas. Prior research found that a higher level of education is a predictor of increased
dementia knowledge [41-43]. In Australia, there are educational disparities, as 72% of students
in metropolitan areas, 65% of students in regional areas, and 36% of students in remote areas
complete secondary school [44]. Moreover, people residing in major cities were more likely to
hold a bachelor’s degree or higher (36%) than those residing in inner regional areas (21%),
outer regional areas (19%), and remote and very remote areas (18%) [45]. Furthermore, people
with higher incomes have greater access to dementia-related information and, thus, increased
dementia knowledge [41]. In 2017-18, the average weekly income and average household net
worth of Australians living outside of capital cities were 19% and 30% lower, respectively, than
those residing in capital cities [46].

The study findings have critical public health ramifications because they showed a statisti-
cally significant link between dementia and living in cities. Governments in Australia, particu-
larly those at the federal, state, territorial, and local levels, can play an essential role in
developing and delivering dementia-specific policies and services. Additionally, state and terri-
tory governments could provide additional funding for vital services such as memory clinics,
geriatric assessments and home visits for older adults, services for older adults’ mental health,
hospital-to-residential aged care transition services, and assistance for those who are exhibiting
behavioural and psychological signs of dementia. These policies align with findings of the 2019
Aged Care Quality and Safety Royal Commission [47].
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Prior research indicates that green spaces and increasing the number of urban trees could
lower dementia risk [19, 48] by encouraging physical activity, social interaction, and network
building while simultaneously reducing exposure to air pollution. Councils could develop
standalone urban forest strategies or integrate the conservation of urban forests into municipal
strategic planning statements to ensure that residents and communities have healthier environ-
ments. For Greater Sydney councils, the NSW Government has provided updated tree canopy
data (2019) which can be treated as a foundation for developing urban forest initiatives [49].

The main strength of this study is the use of the SDAC dataset, a nationally representative
sample of the population [50], in examining Australia’s dementia prevalence. Much of the
prior information regarding dementia prevalence in Australia was derived from studies con-
ducted using routinely collected aged care assessment data. However, individuals with demen-
tia residing at-home were ignored in earlier research. This is the first study in Australia that
used a nationally representative dataset that covers households and cared accommodation
components to examine changes in the prevalence of dementia. Further, this study considers a
new geographic characteristic, geographic remoteness, to check its association with dementia
using a nationally representative dataset.

It is essential to consider the study’s limitations. First, the utilisation of self-report or proxy-
reporting poses a significant challenge, especially in cases where an individual’s cognitive abili-
ties are compromised, leading to a prolonged and uncertain diagnosis process. In addition, the
presence of stigma may cause individuals to be hesitant to identify themselves. The SDAC may
lead to underestimating mild and moderate dementia within the household population. Identi-
fying individuals with dementia, especially at advanced ages, presents additional challenges
due to co-occurring health conditions that obscure the symptoms of dementia. The aforemen-
tioned challenges are likely to have an impact on the information obtained through self-
administered or proxy-based questionnaires. Although the cared accommodation component
of the SDAC is considered as a strength of Australian data, it lacks comprehensive information
regarding the socio-demographic characteristics of its residents. Furthermore, within the
realm of cared accommodation, there may exist obstacles to the acquisition of a dementia diag-
nosis. However, the implementation of the Aged Care Funding Instrument (ACFI) within resi-
dential aged care has the potential to enhance identification practices in this sector, thereby
leading to enhancements in the cared accommodation component of the SDAC [51]. Second,
due to the cross-sectional research design, this study was unable to identify the causal pathways
between dementia and geography. Third, the adjusted model of dementia and geographic
remoteness had to be restricted to accessible confounders to provide a complete case analysis
because most of the dementia data were collected from aged care accommodations and infor-
mation on several socio-economic characteristics were not available. After considering these
constraints, the results imply that future research should focus on prospective longitudinal
studies to explore further the prevalence and the role of geography over time.

Conclusion

Using a nationally representative data set, this study has revealed changes in the prevalence of
dementia among Australian older adults by examining individual and geographical character-
istics. This study has shown substantial differences in dementia prevalence among Australians
during the study period. It was shown that there is a significant geographic disparity in the
prevalence of dementia in Australia. Estimates from multivariable logit models support the
finding that people who live in large cities have a greater risk of dementia than those living in
outer regional and remote areas. Public health initiatives that are geographically focused and
health education that encourages awareness and a healthy lifestyle could aid in halting
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Australia’s rising dementia rate. This study adds to the scant body of knowledge about regional
variations in dementia prevalence in Australia.

Author Contributions

Conceptualization: Rezwanul Haque.

Data curation: Rezwanul Haque.

Formal analysis: Rezwanul Haque.

Investigation: Rezwanul Haque.

Methodology: Rezwanul Haque.

Software: Rezwanul Haque.

Supervision: Khorshed Alam, Jeff Gow, Christine Neville.
Validation: Khorshed Alam, Jeff Gow, Christine Neville.
Writing - original draft: Rezwanul Haque.

Writing - review & editing: Rezwanul Haque, Khorshed Alam, Jeff Gow, Christine Neville.

References

1. Alzheimer’s Disease International. Dementia statistics. 2021 [cited 9 Sep 2022]. https://www.alzint.org/
about/dementia-facts-figures/dementia-statistics/

2. Prince M, Ali GC, Guerchet M, Prina AM, Albanese E, Wu YT. Recent global trends in the prevalence
and incidence of dementia, and survival with dementia. Alzheimers Res Ther. 2016; 8: 1—13. hitps://doi.
org/10.1186/513195-016-0188-8 PMID: 27473681

World Health Organization. Dementia a public health priority. Geneva; 2012.

Wu YT, Beiser AS, Breteler MMB, Fratiglioni L, Helmer C, Hendrie HC, et al. The changing prevalence
and incidence of dementia over time-current evidence. Nat Rev Neurol. 2017; 13: 327-339. https:/doi.
0rg/10.1038/nrmeurol.2017.63 PMID: 28497805

5. OharaT, HataJ, Yoshida D, Mukai N, Nagata M, lwaki T, et al. Trends in dementia prevalence, inci-
dence, and survival rate in a Japanese community. Neurology. 2017; 88: 1925-1932. https:/doi.org/10.
1212/WNL.0000000000003932 PMID: 28424272

6. Dodge HH, Buracchio TJ, Fisher GG, Kiyohara Y, Meguro K, Tanizaki Y, et al. Trends in the prevalence
of dementia in Japan. Int J Alzheimers Dis. 2012; 2012: 1-11. https:/doi.org/10.1155/2012/956354
PMID: 23091769

7. Stephan BCM, Birdi R, Tang EYH, Cosco TD, Donini LM, Licher S, et al. Secular trends in dementia
prevalence and incidence worldwide: A systematic review. Journal of Alzheimer’s Disease. 2018; 66:
653-680. https://doi.org/10.3233/JAD-180375 PMID: 30347617

8. Harrison SL, Lang C, Whitehead C, Crotty M, Ratcliffe J, Wesselingh S, et al. Trends in prevalence of
dementia for people accessing aged care services in Australia. Journals of Gerontology—Series A Bio-
logical Sciences and Medical Sciences. 2020; 75: 318-325. https://doi.org/10.1093/gerona/glz032
PMID: 30873518

9. Anstey KJ, Burns RA, Birrell CL, Steel D, Kiely KM, Luszcz MA. Estimates of probable dementia preva-
lence from population-based surveys compared with dementia prevalence estimates based on meta-
analyses. BMC Neurol. 2010; 10: 1-12. 1471-2377/10/62

10. Keramat SA, Alam K, Al-Hanawi MK, Gow J, Biddle SJH, Hashmi R. Trends in the prevalence of adult
overweight and obesity in Australia, and its association with geographic remoteness. Sci Rep. 2021; 11:
1-9. https://doi.org/10.1038/541598-021-90750-1 PMID: 34059752

11.  Russ TC, Gatz M, Pedersen NL, Hannah J, Wyper G, Batty GD, et al. Geographical variation in demen-
tia: Examining the role of environmental factors in Sweden and Scotland. Epidemiology. 2015; 26: 263—
270. https://doi.org/10.1097/EDE.0000000000000230 PMID: 25575031

12.  Killin LOJ, Starr JM, Shiue IJ, Russ TC. Environmental risk factors for dementia: a systematic review.
BMC Geriatr. 2016; 16: 1-28. https://doi.org/10.1186/s12877-016-0342-y PMID: 27729011

PLOS ONE | https://doi.org/10.1371/journal.pone.0289505  August 2, 2023 12/14

47



PLOS ONE

Changes in the prevalence of dementia in Australia and its association with geographic remoteness

13.

14,

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Russ TC, Batty GD, Hearnshaw GF, Fenton C, Starr JM. Geographical variation in dementia: System-
atic review with meta-analysis. IntJ Epidemiol. 2012; 41: 1012-1032. https://doi.org/10.1093/ije/dys 103
PMID: 22798662

Chin-Chan M, Navarro-Yepes J, Quintanilla-Vega B. Environmental pollutants as risk factors for neuro-
degenerative disorders: Alzheimer and Parkinson diseases. Front Cell Neurosci. 2015; 9: 124, htips:/
doi.org/10.3389/fncel.2015.00124 PMID: 25914621

Costa LG, Cole TB, Coburn J, Chang YC, Dao K, Roqué PJ. Neurotoxicity of traffic-related air pollution.
Neurotoxicology. 2017; 59: 133—139. https://doi.org/10.1016/j.neuro.2015.11.008 PMID: 26610921

Cherrie MPC, Shortt NK, Mitchell RJ, Taylor AM, Redmond P, Thompson CW, et al. Green space and
cognitive ageing: A retrospective life course analysis in the Lothian Birth Cohort 1936. Soc Sci Med.
2018; 196: 56-65. https://doi.org/10.1016/j.socscimed.2017.10.038 PMID: 29128786

Zijlema WL, Triguero-Mas M, Smith G, Cirach M, Martinez D, Dadvand P, et al. The relationship
between natural outdoor environments and cognitive functioning and its mediators. Environ Res. 2017;
155: 268-275. https://doi.org/10.1016/j.envres.2017.02.017 PMID: 28254708

Chen H, Kwong JC, Copes R, Tu K, Villeneuve PJ, van Donkelaar A, et al. Living near major roads and
the incidence of dementia, Parkinson’s disease, and multiple sclerosis: a population-based cohort
study. The Lancet. 2017; 389: 718—726. https://doi.org/10.1016/S0140-6736(16)32399-6 PMID:
28063597

Astell-Burt T, Navakatikyan MA, Feng X. Urban green space, tree canopy and 11-year risk of dementia
in a cohort of 109,688 Australians. Environ Int. 2020; 145. https://doi.org/10.1016/j.envint.2020.106102
PMID: 32979811

Australian Institute of Health and Welfare. Dementia in Australia. In: Australian Institute of Health and
Welfare [Internet]. 2021 [cited 10 Sep 2022]. https:/www.aihw.gov.au/reports/dementia/dementia-in-
aus/contents/summary

Australian Bureau of Statistics. Survey of Disability, Ageing and Carers, Australia, 2015. In: Australian
Bureau of Statistics [Internet]. 2015 [cited 7 Sep 2022]. https://www.abs.gov.au/methodologies/
disability-ageing-and-carers-australia-first-results-methodology/2015

Australian Bureau of Statistics. Survey of Disability, Ageing and Carers, Australia, 2018. In: Australian
Bureau of Statistics [Internet]. 2018 [cited 7 Sep 2022]. https://www.abs.gov.au/methodologies/
disability-ageing-and-carers-australia-summary-findings/2018

Australian Bureau of Statistics. The Australian Statistical Geography Standard Remoteness Structure.
2016 [cited 7 Sep 2022]. https://www.abs.gov.au/websitedbs/D3310114.nsf/home/remoteness
+structure

Australian Bureau of Statistics. Explanatory Notes: Disability, Ageing and Carers, Australia: Summary
of Findings, 2015. 2015 [cited 8 Sep 2022]. https://www.abs.gov.au/ausstats/abs @ .nsf/Lookup/4430.
OExplanatory+Notes12015

Satizabal CL, Beiser AS, Chouraki V, Chéne G, Dufouil C, Seshadri S. Incidence of Dementia over
Three Decades in the Framingham Heart Study. New England Journal of Medicine. 2016; 374: 523—
532. https://doi.org/10.1056/NEJMoa1504327 PMID: 26863354

Matthews F, Arthur A, Barnes LE, Bond J, Jagger C, Robinson L, et al. A two-decade comparison of
prevalence of dementia in individuals aged 65 years and older from three geographical areas of
England: results of the Cognitive Function and Ageing Study | and Il. The Lancet. 2013; 382: 1405—
1412. https://doi.org/10.1016/S0140-6736(13)61570-6 PMID: 23871492

Qiu C, von Strauss E, Backman L, Winblad B, Fratiglioni L. Twenty-year changes in dementia occur-
rence suggest decreasing incidence in central Stockholm, Sweden. Neurology. 2013; 80: 1888—1894.
https://doi.org/10.1212/WNL.0b013e318292a2f9 PMID: 23596063

Lobo A, Saz P, Marcos G, Dia JL, De-La-Camara C, Ventura T, et al. Prevalence of dementia in a south-
ern European population in two different time periods: The ZARADEMP Project. Acta Psychiatr Scand.
2007; 116: 299-307. https://doi.org/10.1111/].1600-0447.2007.01006.x PMID: 17803760

Schrijvers EMC, Verhaaren BFJ, Koudstaal PJ, Hofman A, lkram MA, Breteler MMB. |s dementia inci-
dence declining? Trends in dementia incidence since 1990 in the Rotterdam Study. Neurology. 2012;
78: 1456—1463. https://doi.org/10.1212/WNL.0b013e3182553be6 PMID: 22551732

Flicker L, Visvanathan R, Ratcliffe J. Timely Diagnosis for Dementia: The Need for Specialists. J

Am Med Dir Assoc. 2016; 17: 462—-463. hitps://doi.org/10.1016/].jamda.2016.02.031 PMID:
27049775

Alzheimer’s Society. Risk factors for dementia. 2021. https://www.alzheimers.org.uk/sites/default/files/
pdf/factsheet_risk_factors_for_dementia.pdf

Australian Bureau of Statistics. Australian Demographic Statistics. In: Australian Bureau of Statistics
[Internet]. 2018 [cited 31 Aug 2022]. https://www.abs.gov.au/AUSSTATS/abs @ .nsf/Previousproducts/

PLOS ONE | https://doi.org/10.1371/journal.pone.0289505  August 2, 2023 13/14

48



PLOS ONE

Changes in the prevalence of dementia in Australia and its association with geographic remoteness

33.

34,

35.

36.

37.

38.

39.

40,

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

3101.0Feature%20Article 1Jun%202018#:~:text=0ver%20the%20past%20two%20decades,2.2%
25)%20t0%20reach%20503%2C700.

Nagel AK, Loetscher T, Smith AE, Keage HA. What do the public really know about dementia and its
risk factors? Dementia. 2021; 20: 2424-2440. https://doi.org/10.1177/1471301221997301 PMID:
33745347

Low L, Anstey KJ. Dementia literacy: Recognition and beliefs on dementia of the Australian public. Alz-
heimer’'s & Dementia. 2009; 5: 43—49. hitps://doi.org/10.1016/j.jalz.2008.03.011 PMID: 19118808

Astell-Burt T, Feng X. Is the risk of developing Alzheimer's disease really higher in rural areas? A multi-
level longitudinal study of 261,669 Australians aged 45 years and older tracked over 11 years. Health
Place. 2018; 54: 132-137. https://doi.org/10.1016/j.healthplace.2018.09.003 PMID: 30265942

Bermejo-Pareja F, Benito-Ledn J, Vega S, Medrano MJ, Roman GC. Incidence and subtypes of demen-
tia in three elderly populations of central Spain. J Neurol Sci. 2008; 264: 63-72. https://doi.org/10.1016/
}.Jns.2007.07.021 PMID: 17727890

Matthews F, Brayne C, Arie T, Bond J, Copeland J, Day N, et al. The incidence of dementia in England
and Wales: Findings from the five identical sites of the MRC CFA study. PLoS Med. 2005; 2: 0753—
0763. https://doi.org/10.1371/journal.pmed.0020193 PMID: 16111436

Australian Institute of Health and Welfare. Older Australians. In: AIHW, Australian Government [Inter-
net]. 2021 [cited 6 Sep 2022]. https://www.aihw.gov.au/reports/older-people/older-australia-at-a-
glance/contents/diverse-groups-of-older-australians/regional-remote-communities

Tzivian L, Jokisch M, Winkler A, Weimar C, Hennig F, Sugiri D, et al. Associations of long-term expo-
sure to air pollution and road traffic noise with cognitive function—An analysis of effect measure modifi-
cation. Environ Int. 2017; 103: 30-38. hitps://doi.org/10.1016/j.envint.2017.03.018 PMID: 28363096

Minzel T, Gori T, Babisch W, Basner M. Cardiovascular effects of environmental noise exposure. Eur
Heart J. 2014, 35: 829-836. https://doi.org/10.1093/eurheartj/ehu030 PMID: 24616334

Joo SH, Jo IS, Kim HJ, Lee CU. Factors Associated With Dementia Knowledge and Dementia Worry in
the South Korean Elderly Population. Psychiatry Investig. 2021; 18: 1198-1204. https://doi.org/10.
30773/pi.2021.0295 PMID: 34965705

Roberts JS, McLaughlin SJ, Connell CM. Public beliefs and knowledge about risk and protective factors
for Alzheimer's disease. Alzheimer's & Dementia. 2014; 10. https:/doi.org/10.1016/}.jalz.2013.07.001
PMID: 24630852

Low L-F, Anstey KJ, Lackersteen SM, Camit M, Harrison F, Draper B, et al. Recognition, Attitudes and
Causal Beliefs regarding Dementia in Italian, Greek and Chinese Australians. Dement Geriatr Cogn
Disord. 2010; 30: 499-508. https://doi.org/10.1159/000321667 PMID: 21252544

Perry LB. Educational inequality in Australia. 2018.

Australian Bureau of Statistics. Education and Work, Australia. In: ABS [Internet]. 2022 [cited 8 Jun
2023]. https:/www.abs.gov.au/statistics/people/education/education-and-work-australia/latest-release

Australian Institute of Health and Welfare. Rural and remote health. 7 Jul 2022 [cited 8 Jun 2023].
https://www.aihw.gov.au/reports/rural-remote-australians/rural-and-remote-health

Royal Commission. Royal Commission into Aged Care Quality and Safety. 2019. https://agedcare.
royalcommission.gov.au/system/files/2020-06/WIT.0144.0001.0001.pdf

Markevych |, Schoierer J, Hartig T, Chudnovsky A, Hystad P, Dzhambov AM, et al. Exploring pathways
linking greenspace to health: Theoretical and methodological guidance. Environ Res. 2017; 158: 301-
317. https://doi.org/10.1016/j.envres.2017.06.028 PMID: 28672128

Local Government NSW. Policy-Urban Greening. 2021 [cited 7 Sep 2022]. https://www.Ignsw.org.au/
Public/Public/Policy/Urban-Greening/Urban-Greening.aspx

Schofield D, Shrestha RN, Zeppel MJB, Cunich MM, Tanton R, Veerman JL, et al. Economic costs of
informal care for people with chronic diseases in the community: Lostincome, extra welfare payments,
and reduced taxes in Australia in 2015-2030. Health Soc Care Community. 2019; 27: 493-501. hitps://
doi.org/10.1111/hsc. 12670 PMID: 30378213

Australian Institute of Health and Welfare. Dementia in Australia: National data analysis and develop-
ment. Canberra; 2006.

PLOS ONE | https://doi.org/10.1371/journal.pone.0289505  August 2, 2023 14/14

49



3.2 Links and implications

The significance of this study lies in its potential to fill critical knowledge gaps in dementia
research, offering a more comprehensive understanding of prevalence trends and risk factors.
By identifying the association between geographic remoteness and dementia, this study
provides valuable evidence for policymakers and healthcare professionals to design targeted
interventions and allocate resources more effectively, particularly for underserved and remote
populations. Furthermore, understanding these trends is vital for planning future healthcare
services and improving outcomes for individuals living with dementia across diverse settings

in Australia. The subsequent chapter identifies another risk factor of dementia.

Note: Appendix A presents a selection of newspaper clippings and images from television
interviews, illustrating the significant media attention and broad public engagement generated

by the research presented in this chapter.
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CHAPTER 4: PAPER 2 - AGE AND GENDER DIFFERENCES
IN THE RELATIONSHIP BETWEEN CHRONIC PAIN AND
DEMENTIA AMONG OLDER AUSTRALIANS

4.1 Introduction

This chapter presents the second study of the thesis, which examines the association between
chronic pain and dementia. The study also explores whether this relationship varies by age and
gender. Chronic pain is a debilitating condition that disproportionately affects older adults and
IS hypothesised to increase the likelihood of cognitive impairment. However, limited
quantitative research has been conducted in Australia to explore the relationship between

chronic pain and dementia.

The primary objective of this study was to investigate whether chronic pain is associated with
heightened odds of dementia among older Australians, while also identifying potential age and
gender differences in this association. By addressing these gaps, this study provides crucial
insights into the interplay between chronic pain and dementia, which may have been

overlooked in previous research.
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Objectives: Chronic pain is a highly debilitating condition that affects older adults and has the
potential to increase their odds of experiencing cognitive impairment. The primary objective of this
study was to examine the correlation between chronic pain and dementia. Additionally, this
research endeavors to ascertain whether the association between chronic pain and dementia
differs by age and gender.

Methods: Cross-sectional data were derived from the Survey of Disability, Ageing, and Carers. A
total of 20 671 and 20 081 participants aged 65 years and older in 2015 and 2018, respectively,
were included in this study. The pooled association between chronic pain and dementia was
assessed using a multivariable logistic regression model. Furthermore, the study also examined the
multiplicative interaction effects between chronic pain and age, as well as chronic pain and gender,
with dementia.

Results: The pooled analysis demonstrated that chronic pain was associated with a heightened
odds of dementia (adjusted odds ratio 1.95; 95% CI 1.85-2.05) among older Australians compared
with their counterparts without chronic pain. The interaction effect indicated that individuals with
chronic pain across all age groups exhibited increased odds of living with dementia. Additionally,
women with chronic pain had higher odds of dementia compared with their counterparts without
chronic pain and being male.

Conclusions: A continuous, coordinated, and tailored healthcare strategy is necessary to determine
the pain management goals and explore early treatment options for chronic pain in older adults,
particularly in groups with the greatest need.

Keywords: Australia, chronic pain, dementia, older adults, SADC.
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dementia.® According
to the Lancet Com-

Dementia, a pressing and growing public health concern, refers
to a range of conditions that impair memory, cognition, and the
capacity to perform everyday activities. Dementia is one of the
prominent contributors to disability and dependency among older
adults, affecting an estimated 55 million individuals globally.'
Nearly 1 in every 12 people aged 65 years or older in Australia
are diagnosed with dementia,” and the prevalence of dementia is
projected to increase almost 2-fold by 2058, mostly because of the
phenomenon of population aging.® In 2022, dementia accounted
for 4.4% of Australia’s disease burden and ranked as the second
most prevalent cause of death in the country, contributing to 9.6%
of all recorded fatalities.”

Despite extensive clinical research spanning many decades,
a definitive cure for dementia remains elusive, and the avail-
ability of effective disease-modifying medications is still lack-
ing.” Currently, there is a growing emphasis on preventive and
early intervention strategies, which include rigorous methods
to identify and address the modifiable risk factors linked to

mission’s estimation,
approximately 40% of
dementia cases glob-
ally might be averted
or postponed by
addressing 12 critical
risk factors.” The risk

e Research on chronic pain and
cognitive decline shows mixed
results. Some studies suggest a
positive relationship, with chronic
pain potentially increasing the risk
of cognitive impairment and
dementia. However, other studies
have not found a clear connection.
No prior study in Australia
examined the age and gender
differences in the relationship
between chronic pain and
dementia.

Our findings demonstrate that
chronic pain was associated with an
increased odds of dementia among
older Australians. We found that
this relationship exists across all age
groups with varying magnitudes.
Additionally, women with chronic
pain had higher odds of dementia
compared with their male
counterparts without chronic pain.

This article emphasizes the need for
a comprehensive healthcare
approach for chronic pain
management in older adults. It
suggests a continuous, tailored
strategy to assess pain and explore
early treatment options. This
proactive approach aims to
minimize potential cognitive
decline associated with chronic
pain, ultimately informing
healthcare decisions by prioritizing

factors are lower
educational  levels,
impairment of hear-
ing, midlife hyper-
tension, midlife obesity, excessive intake of alcohol, diabetes,
brain injury resulting from a severe and distressing event, to-
bacco consumption, depression, social exclusion, lack of
physical exercise, and exposure to air pollution. However, there
is an urgent need to identify and target additional modifiable
dementia risk factors for the implementation of preventive
strategies.

early intervention and potentially
reducing future cognitive
complications.

1098-3015/Copyright ® 2024, International Society for Pharmacoeconomics and Outcomes Research, Inc. Published by Elsevier Inc. This is an open access article

under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Chronic pain, defined as prolonged and recurring pain lasting
for at least 3 months, is one of the most prevalent and significant
worldwide health conditions, particularly among older adults.®®
The prevalence of chronic pain among older adults residing in
the community is estimated to range from 25% to 50% on a global
scale’ and up to 83% in residential aged-care facilities."" Earlier
research has indicated that a substantial percentage of older
Australians, ranging from 29.9% to 36.2%, experience chronic
pain.'? Prior research also indicated that pain in older adults may
impair cognitive performance because of its capacity to demand
attention and potentially compete for attentional resources."
According to this research, the presence of pain affects other di-
mensions of cognitive performance as well. There is a potential for
pain to coincide with or worsen cognitive decline that is associ-
ated with age-related changes in brain function.'* Because of the
potential harm that pain may do to cognition, as well as the
increasing awareness of the influence of age-related alterations in
brain function on the deterioration of balance and movement,'*'®
it is critical to comprehend the link between chronic pain and
cognition in older adults.

There is a growing body of data from observational and
experimental studies indicating that chronic pain can be associ-
ated with an increased susceptibility to neurocognitive impair-
ment and the development of Alzheimer's disease and related
dementia.>'’-?! Several cross-sectional studies have established a
correlation between chronic pain and a decline in overall cognitive
abilities. For instance, a prior study reported that the incidence of
cognitive impairment was significantly higher (adjusted odds ratio
[AOR] 1.88) in people with neuropathic pain compared with the
reported prevalence in the general Spanish population.* Among
other cross-sectional studies, a recent Chinese study found that
individuals who frequently report pain exhibit a 1.34 times higher
likelihood of developing dementia when compared with those
who do not report any pain.”’ Similarly, another study in the
United States revealed that adults who experience pain interfer-
ence, even without osteoarthritis, are more likely to develop
Alzheimer’s disease and related dementia (ADRD).”* Furthermore,
another United States study identified a statistically significant
association between pain interference and overall cognitive
impairment.' The link between chronic pain and cognitive
decline is further studied by a growing number of recent longi-
tudinal cohort studies.'®***" For example, a longitudinal cohort
study using a sample of 10 065 older persons in the United States
found that those with persistent pain experienced a steeper
decline in memory scores (9.2%) over time and had a significantly
higher prevalence of dementia (7.7%) compared with those
without persistent pain.*® Likewise, a Taiwanese study showed
that people aged over 50 years experiencing pain had a greater
risk (adjusted hazard ratio 1.21; 95% CI 1.15-1.26) of developing
dementia compared with those without pain.'® A recent study also
found that having more chronic pain sites was linked to an
elevated risk of dementia and Alzheimer’s disease.”” It is crucial to
highlight that the current evidence on the link between chronic
pain and cognitive impairment is not always consistent. Some
studies have found no link between pain and cognitive decline or
dementia.”®*® These studies propose that pain might be a related
factor or an early symptom rather than a direct catalyst of de-
mentia.”® Furthermore, 2 recent meta-analyses yielded conflicting
results. One of the meta-analyses, which examined 37 study re-
sults, discovered a connection between chronic pain and cognitive
decline®® However, another meta-analysis of 10 longitudinal
cohort studies, revealed no association between chronic pain and
an increased risk of cognitive decline.*' Differences in the research
design, methods of assessing pain and cognition, composition of

W 2024

the study population, and criteria for diagnosing dementia be-
tween studies may contribute to these divergent findings.

The age and gender disparities in the association between
chronic pain and the risk of dementia are most likely due to
biological factors, such as sex hormones, and pain perception, as
well as the cumulative effects of aging. Female sex hormones,
particularly estrogen, play a well-established role in both pain
perception®** and cognitive function.*® Estrogens offer various
advantages for brain health by acting as antioxidants, promoting
DNA repair, stimulating the production of growth factors, and
regulating blood flow in the brain.>* Therefore, the natural decline
in estrogen levels following menopause could contribute to a
stronger association between chronic pain and dementia in
women. Prior research established a connection between the
decline in sex hormones after menopause and the higher rates and
severity of Alzheimer's disease observed in women compared
with men.**** In addition, women typically exhibit a greater pain
sensitivity,”® which may lead to an increase in anxiety and ten-
sion.*? A previous study discovered that women are more likely to
experience both depression and anxiety when suffering from
chronic pain,*** potentially worsening the pain’s impact on the
brain and heightening the risk of cognitive decline. Age is another
crucial factor influencing the association between chronic pain
and dementia risk. Both chronic pain*® and dementia prevalence**
rise dramatically with aging. The cumulative burden of chronic
pain over a lifetime, particularly in older adults, could exacerbate
cognitive decline. A study from Ireland investigated the interac-
tion between age and chronic pain, discovering that older adults
with chronic pain experienced more significant cognitive decline
than their healthy peers of the same age and younger adults with
chronic pain.** A separate study determined that the risk of ADRD
is elevated by chronic pain (hazard ratio 1.23) and that the inci-
dence of ADRD was substantially higher in women and increased
with age.*®

To the best of our knowledge, there has been limited quanti-
tative study on the relationship between chronic pain and de-
mentia in Australia. The purpose of this research was to
investigate the hypothesis that chronic pain is associated with
heightened odds of dementia among older Australians. This study
also aims to determine whether there are any age or gender dif-
ferences in the association between chronic pain and the odds of
dementia. The research findings will have significant implications
in the development of well-informed interventions aimed at
promoting independence and healthy aging among older adults in
Australia and comparable jurisdictions.

This article used data obtained from the Survey of Disability,
Ageing, and Carers (SDAC) in 2015 and 2018. The SDAC provides
data for evaluating the prevalence of disability and the require-
ment for supporting individuals with disabilities in Australia.
Additionally, it provides a comprehensive analysis of the socio-
economic and demographic characteristics of those with disabil-
ities, older adults, and caregivers in comparison with the overall
population. SDAC collected data from both household and care
accommodations.”” The information collected from the household
settings encompasses many forms of residential accommodation,
such as self-care facilities for retired or elderly individuals, as well
as other private homes, including houses, apartments, condo-
miniums, garages, tents, and other buildings utilized as personal
residences. In contrast, cared accommodation encompasses
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several facilities, including hospitals, residential aged-care estab-
lishments, components of retirement villages that provide care
services, aged-care hostels, psychiatric institutions, and other
residential settings, such as group homes catering to those with
disabilities. The survey sample was selected using multistage
sampling procedures.

The SDAC 2018 is the ninth nationwide comprehensive survey
conducted since its inception in 1981. The surveys carried out in
1988, 1993, 1998, 2003, 2009, 2012, and 2015 were meticulously
crafted to systematically collect comparable data pertaining to
disability, aging, and carers in Australia. The current research was
limited to 2 specific survey rounds conducted in 2015 and 2018
because those were the only rounds for which data on dementia,
the outcome variable being studied, were available. The total
sample size in 2015 encompassed 74 862 individuals, whereas it
comprised 65 487 individuals in 2018. The research specifically
targeted persons aged 65 years and older Australian. Therefore,
the final sample size for the study was 20 671 individuals in 2015
and 20 081 individuals in 2018. Figure 1 depicts the distribution of
the study participants.

Data on dementia, the primary outcome variable, were ob-
tained from both households and care accommodations. In the
household survey questionnaire, SDAC used a self-reported
question “Count persons identified as having dementia/Alz-
heimer’s in the household.” The responses to the survey questions
were coded in binary form, in which 0 denoted “no,” and 1
denoted “yes.” Data from the household component, covering
both private and nonprivate dwellings, primarily relied on self-
reported responses.*® In cases which the individual in question
could not provide the information, a proxy, often a caregiver, may

Study participant distribution and survey year.
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have supplied it. Notably, in the context of cared accommodation,
the survey methodology differs because it is not reliant on self-
reporting but is instead administered by the carers, who recor-
ded the details related to self-care and chronic medical conditions.
In this study, data on dementia were mostly derived from the
cared accommodation component. For instance, in 2015, 95.53% of
participants with dementia data were from cared accommodation
settings, whereas only 4.47% were community dwelling. This
distribution remained steady in 2018 (95.57% vs 4.43%). Although
the dementia assessment approach in different settings varies
somewhat, we expect little variation in dementia measurement
throughout the sample owing to the bulk of data coming from
cared accommodations that adhere to standardized procedures.

Chronic pain was the exposure of interest and SDAC used the
question “Do you/anyone in the household have chronic or
recurrent pain or discomfort?” in the household questionnaire to
collect the information. The patient must have had recurrent pain
during the preceding 12 months to meet the criteria for chronic
pain. The answers to the questions were documented in binary
form, with 0 indicating “no” and 1 indicating “yes.” The responses
were collected from both household and care accommodation and
were based on self-reported responses or a proxy such as a
caregiver or a carer who is required to record any self-care and
chronic medical conditions in care accommodation.

The study was unable to include all potential confounders
because of data availability constraints because data on dementia
were mostly gathered from cared accommodation, and data about
certain variables were either proved not appropriate for proxy
data or were irrelevant to individuals residing in such care set-
tings.”” The study incorporated the following covariates: age,

| Survey of Disability, Ageing and Carer (SDAC) |

Survey Year | | SDAC 2015 | l SDAC 2018 | Pooled |
Total survey
participants (all N=74,362 N=65,487 | N=140,349
age groups)
n=54,191 samples n=45,406 samples 1n=99,597 samples
| excluded from the excluded from the excluded from the
analysis (participants analysis (participants i analysis (participants
aged below 65 years) aged below 65 years) aged below 65 years)
y A,
n=20,671 n=20,081 n=40,752
Number of (10,673 from cared (10,810 from cared (21,483 from cared
participants aged ydation and accommodation and accommodation and

65 years or above

9,998 from private
and non-private
dwelling)

9,271 from private
and non-private
dwelling)

19,269 from private
and non-private
dwelling)

54




4 VALUE IN HEALTH

gender, accessibility remoteness index of Australia, country of
birth, and state. Building on prior research, this study classified
age into 3 distinct groups: individuals aged 65 to 74 were cate-
gorized as the “youngest old,” those aged 75 to 84 as the “middle
old,” and those aged 85 and above as the “oldest old.”*""' The
accessibility remoteness index of Australia was classified by the
Australian Bureau of Statistics into 5 categories: (1) “major city,”
(2) “inner regional area,” (3) “outer regional,” (4) “remote,” and (5)
“extremely distant.”>? In this study, because of the small number
of individuals in each group, individuals from “outer regional,”
“remote,” and “extremely distant areas” in the SDAC data set were
merged as “outer regional or remote area.”

This study used basic confidential unit records files extracted
from the 2015 and 2018 SDAC data sets for conducting a cross-
sectional analysis. Descriptive statistics, encompassing fre-
quencies (n) and percentages (%), along with corresponding 95%
confidence intervals (Cls), were utilized to present the pooled
characteristics of the study sample. Because of the complexity of
the survey design, survey weights were used in this study to
generate accurate variance estimates. The study made use of the
population weight calculated by the Australian Bureau of Statistics
for the data set because it offers a more comprehensive view of
any given result by including the entire population. Further details
on the SDAC study, including sampling and population weighting,
can be found elsewhere.”’ The “svyset” STATA command was used
to coordinate the intricate survey design during the analysis.

The study used multivariable logistic regression models to
explore the association between chronic pain and dementia. The
test outcomes are displayed in the form of odds ratio (OR),
accompanied by 95% CIs and the respective P values for each
variable. A predictor was considered statistically significant if the P
value associated with a specific exposure was equal to or less than
.05 in the multivariate regression analyses. The analysis was
conducted using STATA 16 (Stata Corp LLC), which involved per-
forming cross-tabulation, regression, and summary statistics.

Table 1 illustrates the weighted background characteristics of
the study participants in 2015, 2018, and pooled data. The pooled
prevalence of dementia among older adults in Australia was 5.17%.
Between 2015 and 2018, there was an observed increase in the
prevalence of dementia, with rates rising from 5.10% to 5.23%.
However, the prevalence of chronic pain decreased during this
time, from 32.50% in 2015 to 30.38% in 2018. Table 1 (pooled)
indicates that 56.81% of the participants were aged 65 to 74 years,
53.26% were female, and 67.08% were living in the major cities in
Australia. Most older Australians were born in Australia (64.64%)
and residing in New South Wales (33.22%).

Figure 2 represents the weighted changes in the prevalence of
dementia by age and gender from 2015 to 2018. There was a
consistent rise in dementia prevalence in males across all age
groups (youngest old: 13%, middle old: 15%, oldest old: 15%).
However, females experienced fluctuating dementia prevalence: a
20% decrease in the youngest-old group, a 2% increase in the
middle-old group, and no change in the oldest-old group. Age and
gender-stratified prevalence of dementia from 2015 to 2018 is
presented in Appendix Figure 1 in Supplemental Materials found
at https://doi.org/10.1016/j.jval.2024.07.022.

Figure 3 depicts changes in the prevalence of chronic pain by
age and gender from 2015 to 2018. Overall, there was a decrease in
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chronic pain prevalence for both males and females during this
period. The most significant decline occurred in females aged
oldest old (9.27%), whereas the least change was observed in
middle-aged females (1.57%). In the youngest-old group, there was
a significant decline of 8.75% among males.

The weighted prevalence of dementia among individuals with
and without chronic pain over time is presented in Appendix
Figure 2 in Supplemental Materials found at https://doi.org/10.1
016/j.jval.2024.07.022. The results showed an increase in the
prevalence of dementia among older Australians living with
chronic pain from 9.10% in 2015 to 9.28% in 2018. This study also
explored the number of people without dementia and chronic
pain for a more comprehensive picture. Appendix Tables 1 and 2
in Supplemental Materials found at https://doi.org/10.1016/j.
jval.2024.07.022 detail these findings using bivariate statistics.

Table 2 exhibits both unadjusted and adjusted multivariate
logistic regression analyses, investigating the pooled association
between dementia and chronic pain. Both the unadjusted and
adjusted models demonstrate that older adults suffering from
chronic pain exhibited a greater odds of living with dementia. The
unadjusted analysis indicated that individuals experiencing
chronic pain had 1.07 times elevated odds (OR 1.07; 95% CI 1.02-
1.12) of living with dementia in comparison with those without
chronic pain. These likelihoods were even higher in the adjusted
model in which individuals with chronic pain had 1.95 times (AOR
1.95; 95% ClI 1.85-2.05) greater odds of living with dementia
compared with those without chronic pain.

Table 3 displays the results from the adjusted logistic regres-
sion models, which aim to elucidate the group comparison in the
interaction effect between chronic pain and age, and chronic pain
and gender, with dementia. The findings from model 1 indicate
that individuals with chronic pain across all age groups exhibited
significantly increased odds of living with dementia compared
with those without chronic pain and the youngest old counter-
parts, and the magnitude of this association was higher with
advancing age. For example, the youngest-old, middle-old, and
oldest-old individuals with chronic pain, had a 3.40 (AOR 3.40;
95% CI 2.98-3.87), 12.60 (AOR 12.60; 95% CI 11.25-14.10), and
staggering 19.99 times (AOR 19.99; 95% CI 17.94-22.28) higher
odds of living with dementia, respectively, compared with their
counterparts with youngest old and no chronic pain. Model 2
additionally showed that women with chronic pain had 2.41 times
higher odds (AOR 2.41; Cl 2.24-2.60) of living with dementia
compared with those without chronic pain and being male.

This study offered novel insights into the association between
chronic pain and dementia in at-risk Australian communities,
specifically among older Australians. Using a multivariable logistic
regression model, this article investigates the pooled association
between chronic pain and dementia from a nationally represen-
tative data set. According to SDAC, the cross-sectional study found
that around 31% of older Australians had chronic pain in 2018.
During both study periods of 2015 and 2018, the prevalence of
chronic pain was higher among women than men. The pooled
association revealed that older Australians who experienced
chronic pain had a greater odds of living with dementia compared
with those without chronic pain. The study also found that in-
dividuals with chronic pain across all age groups had higher odds
of living with dementia compared with those without chronic
pain and the youngest old counterparts, and this magnitude of
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Background characteristics of the study participants in 2015, 2018, and pooled data.

Outcome

variable

Dementia

No 15009 3365573 94.90 (94.54-95.24) 14 209
Yes 5662 180 787 5.10 (4.76-5.46) 5872
Exposures and covariates

Chronic pain

No 9928 2393742 67.50 (66.50-68.48) 9363
Yes 10 743 1152 618 32.50 (31.52-33.50) 10718
Age

Youngest old 6958 2008 677 56.64 (55.47-57.80) 6763
(65-74)

Middle-old 6155 1073 990 30.28 (29.24-31.35) 5910
(75-84)

Oldest old 7558 463 693 13.08 (12.40-13.78) 7408
(85 and above)

Gender

Male 8033 1654433 46.65 (45.95-47.36) 7831
Female 12638 1891 927 53.35 (52.64-54.05) 12 250
Accessibility and remoteness index

Major cities in 13 505 2378 783 67.08 (65.86-68.27) 13 472
Australia

Inner regional 4535 760 614 21.45 (20.39-22.54) 4448
Australia

Outer regional 2631 406 963 11.48 (10.72-12.27) 2161
and remote area

Country of Birth

Australia 13872 2 285 906 64.46 (63.29-65.61) 13 228
English Speaking 2853 523733 14.77 (13.97-15.60) 2709
Countries

Non-English- 3946 736 721 20.77 (19.78-21.80) 4144
speaking

countries

State or territory

New South Wales 5470 1189 051 33.53 (32.26-34.82) 5901
Victoria 4543 892 056 2515 (24.03-26.31) 4761
Queensland 2994 680 240 19.18 (18.16-20.25) 3144
South Australia 2979 293 550 8.28 (7.75-8.84) 2030
Western Australia 2403 336 270 9.48 (8.86-10.15) 2800
Tasmania 1260 93 610 2.64(2.39-2.91) 895
Northern 225 14 076 0.40 (0.33-047) 133
Territory

Australian Capital 797 47 508 1.34(1.20-1.49) M7

Territory

association increased with age. Additionally, women with chronic
pain had a higher odds of living with dementia compared with
those without chronic pain and being male.

The study’s findings, which indicate an association between
chronic pain and dementia, are consistent with earlier research
demonstrating an increased odds of dementia among persons
experiencing chronic pain or pain-related disorders,'®?2-2445:53
Using comparable analytic methods to this study, a cross-
sectional study conducted in the United States revealed that
adults who experience pain interference, even without osteoar-
thritis, are more likely to develop ADRD.? Specifically, individuals
with pain interference alone have 144 times higher odds of
developing ADRD, whereas those with both pain interference and

3704 791 94.77 (94.36-95.15) 29 218 7070 364 94.83 (94.56-95.09)
204 426 5.23 (4.85-5.64) 11534 385213 5.17 (4.91-5.44)
2721 548 69.62 (68.59-70.63) 19 291 5115291 68.67 (67.89-69.32)
1 187 669 30.38 (29.37-31.41) 21 461 2 340 286 31.39 (30.68-32.11)
2226 825 56.96 (55.75-58.17) 13721 4 235 502 56.81 (55.97-57.65)
1191633 30.48 (29.39-31.60) 12 065 2 265 622 30.39 (29.63-31.16)

490 759 12.55 (11.84-13.30) 14 966 954 453 12.80 (12.30-13.32)
1830 346 46.82 (46.07-47.58) 15 864 3484779 46.74 (46.22-47.26)
2078 871 53.18 (52.42-53.93) 24 888 3970 798 53.26 (52.74-53.78)
2622707 67.09 (65.80-68.35) 26 977 5001 490 67.08 (66.20-67.96)

883 523 22,60 (21.48-23.76) 8983 1644 138 22.05 (21.28-22.85)

402 987 10.31 (9.54-11.13) 4792 809 949 10.86 (10.32-11.43)
2533 537 64.81 (63.58-66.02) 27 100 4819 442 64.64 (63.79-65.48)

557 465 14.26 (13.44-1513) 5562 1081198 14.50 (13.92-15.10)

818 215 20.93 (19.88-22.03) 8090 1554 937 20.86 (20.13-21.61)
1287 503 32.94 (31.65-34.25) 11371 2 476 554 33.22 (32.31-34.14)

991 202 25.36 (24.19-26.55) 9304 1883 258 25.26 (24.45-26.09)

765 485 19.58 (18.56-20.64) 6138 1445725 19.39 (18.66-20.14)

318 212 8.14 (7.18-9.21) 5009 611 762 8.21 (7.63-8.82)

373 252 9.55 (8.97-10.16) 5203 709 522 9.52 (9.09-9.96)

103 695 2.65 (2.34-3.00) 2155 197 304 2.65 (2.44-2.87)

16 137 0.41 (0.29-0.58) 358 30212 0.41 (0.33-0.49)
53732 1.37 (1.17-1.61) 1214 101 240 1.36 (1.23-1.50)

osteoarthritis have 1.37 times higher odds, compared with in-
dividuals without pain or osteoarthritis. A recent Chinese cross-
sectional study also found that individuals who frequently
report pain exhibit a 1.34 times higher likelihood of developing
dementia when compared with those who do not report any
pain.”* Furthermore, another cross-sectional study discovered that
the incidence of cognitive impairment was significantly greater
(AOR: 1.88) in patients with neuropathic pain compared with the
reported prevalence in the general Spanish population.”? The
negative association between chronic pain and dementia has also
been established in longitudinal settings. For instance, in 2
retrospective United States cohort studies, it was shown that
people with non-cancer chronic pain conditions had an increased
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Changes in the prevalence of dementia by age and
gender from 2015 to 2018,

®Male ®Female

20%
15%
1(00
10%
505 204
= == = %
0%
(Middle-old) (Oldest-old)
-5%
75-84 85 and above
-10%
-15%

risk of Alzheimer's disease and associated dementias over the
course of 2 years of follow-up than people without pain condi-
tions.>?° Another study, spanning a median period of 8.6 years,
revealed an association between chronic pain and accelerated
deterioration of memory function, as well as an elevated risk of
developing dementia.”® A recent study showed that having more
chronic pain locations was linked to an elevated risk of dementia
and Alzheimer's disease.”” On the contrary, a study with a small
sample conducted over a period of 24 years revealed that the
existence of chronic pain did not exhibit any significant associa-
tion with the occurrence of all-cause dementia.”® Likewise,
another research found no statistically significant association be-
tween pain and cognitive deterioration throughout a 4-year
period of observation’® Differences in the research design,
methods of assessing pain and cognition, composition of the study
population, and criteria for diagnosing dementia between this
study and previous research may contribute to these divergent
findings.

There are several potential mechanisms that could explain the
link between chronic pain and dementia. These include disrup-
tions in attention and memory,"**>° impaired decision-making
abilities, decreased processing speed and psychomotor
speed,”™’ increased stress levels that may trigger the release of
cortisol, which is associated with degeneration of the hippocam-
pus and memory problems,”®* " and the presence of other un-
derlying health conditions.”'*%* During instances of chronic pain,
nerve endings provide quick pain signals to the brain to prompt
necessary remedial responses, and this process depletes the
neuronal resources that are also engaged in cognitive activ-
ities.®*% Furthermore, the existence of chronic pain disorders has
been connected to the dysregulation of noradrenergic-modulated
endogenous pain autoinhibition,”® which has been linked to un-
favorable cognitive consequences, such as loss of working and
long-term memory.**

Our findings also indicate that individuals with chronic pain
across all age groups exhibited significantly increased odds of
living with dementia compared with those without chronic pain
and the youngest old counterparts, and the magnitude of this
association increased with advancing age. The results of this study
are consistent with a previous study conducted in Ireland, in
which the authors examined the relationship between age and
chronic pain.** They found that older adults with chronic pain
experienced a greater pronounced cognitive decline compared
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Changes in the prevalence of chronic pain by age and
gender from 2015 to 2018.

®Male ®Female

0.00%
-1.00%
-2.00%
-3.00%
-4.00%
-5.00%
-6.00%
-7.00%
-8.00%
-9.00%

-10.00%

with their healthy peers of the same age, as well as younger adults
with chronic pain. Likewise, another study revealed that chronic
pain elevated the risk of ADRD (hazard ratio = 1.23) and that the
incidence of ADRD was substantially greater in women and
escalated with age.”® The cumulative burden of chronic pain over
a lifetime, particularly in older adults, may aggravate cognitive
deterioration.

Researchers believe that estrogen levels, a key female sex
hormone, may be a critical factor influencing the disparities
observed between men and women in terms of brain aging and
neurodegeneration.”” A link has been suggested between the
decrease in sex steroid hormones after menopause and the
increased prevalence and severity of Alzheimer's diseases in
women compared with men.”“~® Thus, a decrease in estrogen
levels during menopause might make elderly women more
susceptible to the damaging effects of chronic pain on cogni-
tive function. Moreover, there are gender differences in pain
response, with women generally showing greater sensitivity to
pain.*® This heightened pain sensitivity may result in increased
stress and anxiety.”” For example, earlier research found that
women are more prone to co-occurring depression and anxiety
with chronic pain.*"** This complex interplay can exacerbate
the effects of pain on the brain and increase the risk of
cognitive decline.

One of the key strengths of this study lies in its utilization of
the SDAC data set, which is a nationally representative large
sample of the population.”® To the best of our knowledge, this
study represents one of the first Australian investigations into the
association between chronic pain and dementia.

This study is not without limitations. First, the cross-sectional
research design hinders the determination of causal relation-
ships between chronic pain and dementia. Moreover, it did not
allow this study to explore the temporality and reverse causality.
In older adults, the link between chronic pain and cognitive
decline might be bidirectional. Chronic pain could heighten the
risk of cognitive issues, whereas brain degeneration linked to
cognitive decline may, in turn, worsen pain perception. Second,
since most of the data on long-term conditions were collected
from aged-care facilities, it was not possible to incorporate all
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Multivariate logistic regression examining the
association between dementia and chronic pain, pooled data.

Chronic pain

No (ref)

Yes 1.07* (1.02-1.12) 1.95% (1.85-2.05)
Age

Youngest old (65-74) (ref)
Middle-old (75-84)

Oldest old (85 and above)
Gender

Male

Female

4.32* (4.00-4.66)
8.50* (7.90-9.14)

1.14* (1.08-1.20)
Accessibility and remoteness index
Major cities in Australia 1.13* (1.04-1.23)
Inner regional Australia 1.08 (0.99-1.18)

Outer regional and remote
area (ref)

Country of birth

Australia (ref)

English speaking countries 0.98 (0.91-1.05)

Non-English-speaking 1.21 (1.14-1.29)

countries
State or territory
New South Wales (ref)

Victoria 0.94 (0.88-1.01)
Queensland 0.88* (0.82-0.95)
South Australia 1.14% (1.05-1.23)
Western Australia 0.86* (0.79-0.93)

Tasmania
Northern Territory
Australian Capital Territory

0.88' (0.78-1.01)
1.48" (1.12-1.97)
0.81" (0.70-0.94)

Note. Model 1 shows the unadjusted association between chronic pain and odds
of dementia.

AOR indicates adjusted odds ratio; Cl, confidence interval; OR, odds ratio; ref,
reference.

*P < .001.

p< .00

*p < .05

the confounding socioeconomic factors into the adjusted model
and conduct a comprehensive case analysis. Therefore, system-
atic bias, such as unmeasured confounders, is possible. Third, the
assessment of chronic pain presents difficulties because of its
subjective characteristics and inconsistencies in the design of
survey items utilized for evaluating chronic pain. Moreover,
various types of pain can be experienced by individuals,
including cancer-related pain, neuropathic pain, and musculo-
skeletal pain. The survey data analyzed in this study do not
evaluate these particular categories separately but instead
combine them, which presents difficulties in examining the
many forms of chronic pain that are widespread in Australia.
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Group comparison in the interaction effect between
chronic pain and age, chronic pain and gender, with dementia,
pooled data.

Group comparison in the interaction between chronic pain status
and age

No chronic pain and
youngest old (65-74 years)
(ref)

No chronic pain and
middle old (75-84 years)

No chronic pain and oldest 14.98%* (13.32-16.83)
old (85 years and over)

4.93* (4.37-5.56)

Has chronic pain and
youngest old (65-74 years)

3.40* (2.98-3.87)

Has chronic pain and
middle old (75-84 years)

Has chronic pain and
oldest old (85 years and
over)

12.60* (11.25-14.10)

19.99* (17.94-22.28)

Group comparison in the interaction between chronic pain status
and gender

No chronic pain and male
(ref)

No chronic pain and
female

1.41% (1.30-1.52)

Has chronic pain and male 2.43% (2.24-2.64)

Has chronic pain and 2.417% (2.24-2.60)

female

Note. Models 1 and 2 were adjusted for accessibility and geographic remoteness,
country of birth, and state.

AOR indicates adjusted odd ratio; Cl, confidence interval; ref, reference.

*P < .001.

Fourth, because the SDAC data lack information on pain treat-
ment, pain’s interference with daily activities, and pain severity,
the study was unable to determine whether pain treatment in-
creases the risk of dementia or mitigates it by lessening pain’s
impact on attention and other mechanisms. Finally, the process
of self-reporting or proxy-reporting presents a considerable
challenge, especially when individuals exhibit reduced cognitive
capacities, leading to a prolonged and indeterminate diagnostic
procedure. Furthermore, the existence of social stigma may serve
as a deterrent for individuals to openly disclose their conditions
andjor identities. The prevalence of mild and moderate de-
mentia among the household population may be under-
estimated by the SDAC. The identification of patients with
dementia, particularly of advanced age, is a complex task
because of the presence of concurrent health disorders that
might mask the signs of dementia. The difficulties listed above
are expected to have an impact on the data obtained through
self-reported or proxy-reporting surveys. Nevertheless, previous
studies conducted on population-based research often relied on
self-reported data.®”-%"
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The study’s findings have major implications for public health
policy because they demonstrate a statistically significant associ-
ation between chronic pain and dementia. In 2010, Australia was
the first country to adopt a national framework for pain, outlining
the management of acute, chronic, and cancer pain. However,
despite having a huge influence on people’s lives, pain has not yet
been prioritized in national health policies. Many people who
experience pain are unable to access best practices in pain man-
agement, either because of financial constraints or a lack of
knowledge about available alternatives, and the disparity is even
more pronounced in rural and remote regions.”” In the context of
rural and regional Australia, it is imperative to undertake mea-
sures such as evaluating current models of “mini pain programs”
that may facilitate the delivery of coordinated care packages and
enhance the capabilities of healthcare professionals operating in
these areas.”” Moreover, a continuous, aligned, and personalized
healthcare strategy is needed to establish pain management pri-
orities, especially in groups with the greatest need.

Using a nationally representative data set, this cross-sectional
study revealed that older adults with chronic pain were associ-
ated with a higher odds of living with dementia compared with
those without chronic pain. The study also found that individuals
with chronic pain across all age groups had higher odds of de-
mentia compared with those without chronic pain and the
youngest old counterparts, and this magnitude of association
increased with age. Additionally, women with chronic pain had
higher odds of dementia compared with their counterparts
without chronic pain and being male. Further investigation is
necessary to enhance estimations about chronic pain in the
elderly population, to understand the underlying processes of pain
in the context of aging and dementia, and to foster the develop-
ment and progression of safer and more effective treatment op-
tions. Additionally, the research also proposes the use of an early
assessment and management strategy for chronic pain to mini-
mize the potential cognitive consequences.
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4.2 Links and implications

The significance of this study lies in its potential to inform targeted interventions and healthcare
policies aimed at promoting healthy ageing and maintaining independence among older adults.
The findings may guide the development of age- and gender-specific strategies to mitigate the
dual burden of chronic pain and dementia in Australia and similar settings. This research
contributes to the growing body of evidence needed to improve the quality of life and well-
being of older adults facing these interrelated challenges. The next chapter explores the adverse
health outcomes of dementia.

Note: Appendix B presents a selection of newspaper clippings and images from television
interviews, illustrating the significant media attention and broad public engagement generated

by the research presented in this chapter.
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CHAPTER 5: PAPER 3 - BEYOND THE SUM OF THEIR
PARTS: THE COMBINED ASSOCIATION OF DEMENTIA
AND CHRONIC PAIN WITH SELF-CARE LIMITATIONS IN
OLDER AUSTRALIANS

5.1 Introduction

This chapter presents the third study of this thesis investigating the association among
dementia, chronic pain, and self-care limitations among older Australians. Additionally, it
explores how the co-occurrence of dementia and chronic pain influences self-care limitations.
Previous research highlights that both dementia and chronic pain independently increase the
likelihood of declining ADLSs in various countries. However, limited attention has been paid to

the combined impact of these conditions, particularly in an Australian context.

International studies suggest that co-occurring conditions, such as vision or hearing
impairments alongside dementia, exacerbate functional activity limitations and self-care
restrictions. Despite these findings, little is known about how the coexistence of dementia and

chronic pain impacts self-care limitations, leaving a critical gap in the literature.
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ABSTRACT

Background: The purpose of this study was to investigate the association between dementia, chronic pain and self-care limitations. Additionally, the study sought to
explore the relationship of co-occurring dementia and chronic pain with self-care limitations.

Methods: Cross-sectional data derived from the Survey of Disability, Ageing and Carers (SDAC) was used to conduct this study. The pooled association between
dementia, and chronic pain, with self-care limitations was assessed using ordered logistic regression model. Furthermore, the study also examined the group
comparison of interaction effects between co-occurring dementia and chronic pain with self-care limitations.

Results: The ordered logistic regression analysis indicated that people with dementia had significantly higher odds of experiencing greater self-care limitations
(adjusted odds ratio [aOR]: 15.12, 95 % confidence interval [CI]: 12.50-18.29) compared to people without dementia. Similarly, chronic pain was independently
associated with increased self-care limitations (aOR: 5.98, 95 % CI: 5.49-6.52) compared to people without chronic pain. Additionally, interaction effect analysis
revealed that the co-occurrence of dementia and chronic pain substantially heightened the likelihood of self-care limitations (aOR: 66.54, 95 % CI: 52.27-84.69)
relative to people without either condition.

Conclusions: Disability was higher among older Australians with dementia and chronic pain, and this risk can be increased if the two conditions co-exist. A

continuous, aligned, and personalised healthcare approach is needed to establish self-care priorities, especially in groups of people with the greatest need.

1. Introduction

Approximately half of older Australians, aged 65 years and older,
have disabilities, and 1.3 million living at home have mobility or self-
care limitations and require support (Australian Bureau of Statistics,
2019). The Centre for International Economics predicts that 5.75 million
Australians will have mobility issues by 2060 (Centre for International
Economics, 2020). Most older adults with disabilities receive help from
family or friends, and the need for formal care rises with the severity of
the disability (Van Houtven et al., 2020). People who do not actively
manage their health have significantly poorer health outcomes despite
equality of health service access (Hibbard et al., 2009). Furthermore,
activity limitations are linked to a wide range of detrimental effects,
including decreased social interaction (Cudjoe et al., 2020), nursing
home admission (Wolff et al., 2018), and an increased risk of mortality
(Pongiglione et al., 2016).

Dementia is one of the leading causes of disability and dependency
among older adults, affecting an estimated 55 million people globally

(World Health Organization, 2023). In Australia, the prevalence of de-
mentia among people aged 65 years and older rose from 5099 per
100,000 in 2015 to 5229 in 2018 (Haque et al., 2023), and the number
of people with dementia is predicted to more than double by 2058,
owing to the ageing population (Australian Institute of Health and
Welfare, 2023). Previous research identified cognitive impairment as a
predictor of declining activities of daily living (ADL) (Barberger-Gateau
and Fabrigoule, 1997; McGuire et al., 2006; Pedone et al., 2005). For
instance, using the World Health Organisation Disability Assessment
Schedule 2.0 ratings, a Taiwanese study found that people with de-
mentia had global activity limitations and were restricted from partici-
pating in all six key functional domains (Huang et al, 2016).
Furthermore, cognitive impairment was associated with higher odds of
functional decline in ADL and Instrumental Activities of Daily Living
(IADL) in the USA (McGrath et al., 2020). A study conducted in Taiwan
determined that on the IADL scale, medication management and shop-
ping were the most discriminating activities between people with
normal cognitive function and those with mild cognitive impairment
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(Lee et al., 2019).

An estimated 31 % of people worldwide have chronic pain
(Steingrimsdottir et al., 2017). Prior research found that chronic pain
affected between 29.9 % and 36.2 % of older Australians (Henderson
et al., 2013), 55.5 % of older Swiss (Jakobsson, 2010), and 69.8 % of
older Germans (Bauer et al., 2016). As shown by earlier research, there
is an association between pain and functional limitations (Eggermont
et al., 2014; Makris et al., 2014; Stamm et al., 2016; Valderrama-Hinds
et al., 2017). For instance, older people with musculoskeletal issues
(such as osteoarthritis and chronic back pain) have reported difficulty
performing specific ADL tasks, like completing heavy chores, bending
over or kneeling, and ascending stairs without a walking stick (Stamm
et al., 2016). Another study found mobility impairment, i.e., walking a
quarter mile or climbing stairs, was strongly associated with limiting
back pain (Makris et al., 2014). Functional constraints involving the
upper and lower extremities were reported more frequently, and ADL
handicaps in older adults with arthritic pain, result in being unable to
raise arms above shoulder level, push or pull heavy objects, or pick up a
coin (Valderrama-Hinds et al., 2017).

The co-existence of multiple diseases in one person, i.e., multi-
morbidity, is the most prevalent and debilitating ailment in older adults,
resulting in functional decline over time (Marengoni et al., 2009).
People with dementia generally suffer from multimorbidity such as
diabetes, osteoporosis, falls and fractures, stroke, and heart failure
(Welsh, 2019). Alzheimer’s disease (AD), the most prevalent form of
dementia, frequently co-occurs with chronic pain (Cao et al., 2019).
Recent research revealed that dementia risk was found to be increased
by chronic pain, primarily when it occurred in several different body
parts (Haque et al., 2024; Harris, 2023).

It is evident from previous research that both dementia and chronic
pain increased the likelihood of declining ADLs in different country
settings. Nevertheless, little is known about the association between co-
occurring dementia and chronic pain with self-care limitations. A few
studies in the USA considered the co-existence of conditions such as
vision or hearing impairment with dementia to assess the association
with self-care limitations (Assi et al., 2021; Patel et al., 2020). According
to their study of adults aged 65 years and older in the USA, those with
dementia and self-reported visual impairment scored worse than pre-
dicted on measures of functional activity, given the individual contri-
butions of both disorders (Patel et al., 2020). Another cross-sectional
study found that adults with dementia and dual sensory (vision and
hearing) impairment had additional mobility limitations and self-care
restrictions (Assi et al., 2021).

To the best of our knowledge, this study represents the first Austra-
lian investigation into the association of dementia, chronic pain, and
their co-occurrence, with self-care limitations in older adults. The
study’s findings are crucial for planning well-informed interventions to
support older individuals’ independence and healthy ageing.

2. Methodology
2.1. Data source and settings

This study used data collected from the Survey of Disability, Ageing
and Carers (SDAC) in 2015 and 2018. The SDAC includes data to assess
the prevalence of disability and the need to assist people with disabil-
ities. It also provides a socio-economic and demographic profile of
people with disabilities, older adults, and caregivers compared to the
general population. In addition, the dataset contains information about
people with disabilities, long-term health conditions, and elderly people.
SDAC collected data from both household and care accommodations
(Australian Bureau of Statistics, 2018b). The data obtained from the
household component includes self-care accommodation for the retired
or aged, and other private dwellings, including houses, flats, home units,
garages, tents, and other structures used as private residences. On the
other hand, cared accommodation includes hospitals, residential aged
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care, cared components of retirement villages, aged care hostels, psy-
chiatric institutions, and other homes (such as group homes for people
with disability). Multi-stage sampling techniques were used to select the
sample for the survey. In 2015, the refusal rates from two household
components, namely private dwellings and self-care retirement villages,
were 3.7 % and 3.8 %, respectively (Australian Bureau of Statistics,
2015). From cared-accommodation components, non-responding es-
tablishments were 10.6 %. In 2018, the refusal rate for household
components was 4.9 %, while cared-accommodation non-responding
rate was 9.1 % (Australian Bureau of Statistics, 2018D). The data on self-
care limitations, dementia, chronic pain, and other socio-demographic
variables were derived predominantly from self-reported responses
from the household components (Australian Institute of Health and
Welfare, 2006). Alternatively, a proxy, such as a carer, may provide the
information in cases where the individual of interest cannot respond.
However, in the context of cared accommodation, the survey is not
reliant on self-reporting but is administered by the carer obligated to
document any self-care and chronic medical conditions.

2.2. Study participants

The data for this study were drawn from the 2015 and 2018 itera-
tions of the Survey of Disability, Ageing and Carers (SDAC), a nation-
wide survey conducted regularly in Australia since 1981. While earlier
surveys were conducted in 1988, 1993, 1998, 2003, 2009, and 2012,
this analysis focuses on 2015 and 2018, as data on dementia, one of the
key exposure variables, were only available for these two years.

The total number of participants in the SDAC was 74,862 in 2015 and
65,487 in 2018, resulting in a pooled dataset of 140,349 participants.
Given that dementia, a primary exposure variable, predominantly af-
fects older individuals, the study was restricted to participants aged 65
years and older. Consequently, 54,191 participants from 2015 and
45,406 from 2018 were excluded, leaving 20,671 participants in 2015
and 20,081 in 2018, with a final pooled sample of 40,752 participants.

All relevant variables for this analysis—self-care limitations, de-
mentia, chronic pain, age, gender, geographic remoteness, country of
origin, and state—had complete data. Therefore, there were no missing
observations, and the final sample sizes remained at 20,671 in 2015,
20,081 in 2018, and 40,752 in the pooled dataset. The distribution of
study participants across the datasets is depicted in Fig. 1.

2.3. Outcome variable

The Survey of Disability, Ageing and Carer (SDAC) collects infor-
mation about a person’s self-care, communication, and mobility limi-
tations. These three factors are regarded as “core activity limitations”
(Australian Bureau of Statistics, 2018a). This paper only examined self-
care limitations resulting from impairments closely aligned with Activ-
ities of Daily Living (ADL), such as requiring assistance with dressing,
eating, showering or bathing, toileting, and bladder or bowel control
(Australian Institute of Health and Welfare, 2006). The self-care limi-
tations variable in SDAC is self-reported and categorised as profound,
severe, moderate, mild, or no limitation. The categories are defined as
follows.

Profound: A person always needs help with at least one of the self-
care activities.

Severe: A person sometimes needs help with at least one of the self-
care activities.

Moderate: A person who struggles with at least one of self-care ac-
tivities but does not need assistance.

Mild: A person who uses aids but does not have difficulties with any
self-care activities.

No limitation: Not restricted in their ability to perform self-care
activities.

This study reclassified the original five categories into three. Pro-
found and severe limitations were merged as “profound or severe”,
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Survey of Disability, Ageing and Carer (SDAC)

SDAC 2015 | SDAC 2018 |
Total survey v v {
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|| excluded from the E excluded from the excluded from the
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v hJ
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participants aged »| accommodation and accommodation and accommodation and
65 years or above 9,998 from private 9,271 from private 19,269 from private
and non-private and non-private and non-private
dwelling) dwelling) dwelling)

Fig. 1. Distribution of study participants and year of survey.

moderate and mild limitations became “moderate or mild,” and “no self-
care limitation” remained unchanged. The reclassification of self-care
limitations from five categories into three was undertaken to simplify
the analysis while retaining meaningful distinctions between levels of
impairment. This grouping enhances interpretability by combining
similar levels of functional limitations, ensuring robust comparisons
across categories.

2.4. Exposure variable: dementia and chronic pain status

Data on dementia was obtained by self-reported and carer responses
to the question, “Do you/persons have dementia?”. However, to obtain
information regarding chronic pain, the respondent was asked, “Do you
experience recurring pain or discomfort?” To meet the criteria for
chronic pain, the patient must have experienced recurrent pain within
the past 12 months. The responses on dementia and chronic pain were
coded as “yes” or “no”.

2.5. Covariates

Data collection for the SDAC’s cared-accommodation component
was more constrained than for the household component because
certain subjects were either inappropriate for proxy data collection or
unrelated to those residing in cared-accommodation (Australian Bureau
of Statistics, 2015). The study tried to keep the potential confounders;
however, since care facilities provided much of the data on people with
dementia, this study could not sustain all potential confounders to un-
dertake a complete case analysis. Age (65-69, 70-74, 75-79, 80-84, and
85 years or more), gender (male and female), Accessibility Remoteness
Index of Australia (ARIA), country of birth (Australia, English-speaking
countries, non-English-speaking countries), and state were covariates
included in this study. The ABS classified the Accessibility Remoteness
Index of Australia (ARIA) as follows: i) “major city,” ii) “inner regional
area,” iii) “outer regional,” iv) “remote,” and v) “extremely distant”
(Australian Bureau of Statistics, 2016). In this study, due to the small
number of individuals in each group, individuals from “outer regional,”

“remote,” and “very remote” areas in the SDAC dataset were grouped
together as “outer regional or remote area.”

2.6. Estimation strategy

The characteristics of the cohorts were first summarised using
descriptive statistics in the form of frequency (n) and weighted per-
centage (%) with 95 % confidence intervals (CI). Due to the complex
survey design, additional adjustments, such as weighting, were neces-
sary to generate correct variance estimates. The ABS has calculated a
population weight for the data set; this weight was applied to the data
for this analysis as it provides a broader population perspective of any
result obtained. In this study, the variables ‘person weight’ and
‘household identifier’ were used for weighting. Full details on the SDAC
study, including sampling and population weighting, can be found
elsewhere (Australian Bureau of Statistics, 2018b). The STATA com-
mand “svy set” was utilised in the analysis to manage the intricate
survey design. To evaluate the bivariate relationship between the
outcome variable with dementia, chronic pain, and other variables, chi-
square tests or t-tests have been performed.

The outcome variable, self-care limitations, was measured on an
ordinal scale and categorised into three levels: “0 = No self-care limi-
tation,” “1 = Mild or moderate self-care limitation,” and “2 = Profound
or severe self-care limitation,” with higher values indicating greater self-
care limitations. Consequently, we employed an ordered logistic
regression model to examine the association between dementia, and
chronic pain with self-care limitations. Additionally, we conducted a
group comparison to analyse the interaction effect of co-occurring de-
mentia and chronic pain on self-care limitations. The results of the
adjusted ordered logistic regression model were presented as adjusted
odds ratio (aOR) and were considered statistically significant at a p-
value of 0.05. Stata 16 (StataCorp LLC., College station, Texas) was
utilised for all statistical analyses, including cross-tabulation, regression,
and summary statistics.
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2.7. Robustness check and heterogenous effects

To validate the reliability of our results, we undertook a sensitivity
analysis using the original five categories of self-care limitations rather
than the reclassified three categories. In addition, we explored possible
variations in the association between co-occurring dementia and chronic
pain with self-care limitations through subgroup analyses based on age
and gender.

3. Results

Table 1 provides a summary of the study participants’ weighted
sample characteristics. The result showed that in 2015, 12.27 % (95 %
CL: 11.71-12.86) of older Australians had profound or severe self-care
limitations, while 5.10 % (95 % CI: 4.76-5.46) and 32.50 % (95 % CI:
31.52-33.50) had dementia and chronic pain, respectively. The data
from 2018 indicates a decrease in the weighted percentage of people
experiencing profound or severe self-care limitations (11.24 %, 95%CI:
10.67-11.84) and chronic pain (30.38 %, 95 % CI: 29.37-31.41)
compared to the figures reported in 2015. Moreover, in 2018, the pro-
portion of female respondents was 53.18 % (95 % CL: 52.42-53.93), and
12.55 % (95 % CI: 11.84-13.30) were 85 years of age or older.

Fig. 2 illustrates the proportion of self-care limitations among people
living with dementia from 2015 to 2018. Among the people living with
dementia, the proportion of profound or severe self-care limitations
increased from 30.85 % in 2015 to 32.41 % in 2018. In the pooled data, a
significant proportion of older adults living with dementia experienced
self-care limitations, with 4.47 % reporting mild or moderate and 31.63
% reporting profound or severe self-care limitations.

Fig. 3 depicts the proportion of self-care limitations among people
with chronic pain between 2015 and 2018. During this period, the
proportion of profound or severe self-care limitations among those with
chronic pain showed a slight decline, from 67.58 % in 2015 to 66.38 %
in 2018. In the pooled data, a substantial proportion of older adults with
chronic pain experienced self-care limitations, with 62.42 % reporting
mild or moderate and 66.98 % reporting profound or severe self-care
limitations.

The bivariate analyses examining the association of dementia,
chronic pain, and other covariates with self-care limitations can be
found in Appendix Table Al of the supplementary documents. The
bivariate analyses showed that self-care limitation was significantly
associated with dementia, chronic pain status and other covariatesata 5
% level of significance. Additionally, Appendix Tables A2 and A3 pro-
vide the distribution of characteristics of study variables for the years
2015, 2018 and pooled data categorised by exposure group (chronic
pain and dementia).

Table 2 presents the results from ordered logistic regression, high-
lighting the relationship between dementia, chronic pain, and self-care
limitations. In Model 1, the findings reveal that people living with de-
mentia had higher odds of self-care limitations [adjusted odds ratio
(aOR): 15.12, 95 % confidence interval (CI): 12.50-18.29] compared to
those without dementia. Additionally, chronic pain was independently
associated with increased self-care limitations (aOR: 5.98, 95 % CI:
5.49-6.52) compared to people without chronic pain. Model 2 examines
the interaction between chronic pain and dementia in relation to self-
care limitations. The findings suggest that people with chronic pain,
but without dementia, had significantly higher odds of experiencing self-
care limitations (aOR: 6.25, 95 % CI: 5.73-6.83) compared to those
without either condition. This association was even stronger for those
with dementia but without chronic pain, who exhibited even greater
odds of self-care limitations (aOR: 19.77, 95 % CI: 15.41-25.36). The
combined presence of both dementia and chronic pain further amplified
the risk, with a substantially increased likelihood of self-care limitations
(aOR: 66.54, 95 % CI: 52.27-84.69) compared to people without either
condition.

Table 3 presents the average marginal effects of self-care limitations
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(with dementia and chronic pain) based on the regression results from
Model 1 in Table 2. The findings indicate that people with dementia
were 47 % points less likely to have no self-care limitations compared to
those without dementia. However, the probability of experiencing self-
care limitations for people with dementia was 9 % points more likely
to have mild or moderate limitations, and 38 % points more likely to
experience profound or severe limitations compared to peers without
dementia. Likewise, the probability of experiencing self-care limitations
for people with chronic pain was 10 % points more likely to have mild or
moderate limitations, and 15 % points more likely to experience pro-
found or severe limitations than their counterparts not experiencing
chronic pain.

3.1. Sensitivity analysis

We conducted sensitivity analyses to assess the robustness of our
findings by using the original five categories of self-care limitations
instead of the combined three categories. The results of ordered logistic
regression and average marginal effects, presented in Appendix
Tables A4 and A5, respectively, remained consistent with the main
analyses.

3.2, Heterogenous effect

Tables 4 and 5 present the results of ordered logistic regression used
to assess whether the relationship between co-occurring dementia and
chronic pain with self-care limitations differs by age and gender,
respectively. Table 4 shows that people with both dementia and chronic
pain had higher odds of self-care limitations across all age groups
compared to those without either condition, consistent with the main
regression findings. However, the magnitude of the association between
co-occurring dementia and chronic pain with self-care limitations ap-
pears to diminish with increasing age. For example, among people aged
65-69 years, those with both dementia and chronic pain had signifi-
cantly higher odds of experiencing self-care limitations (aOR: 102.46,
95 % CI: 45.56-230.41) compared to their counterparts without either
condition. In contrast, among people aged 85 years and older with both
dementia and chronic pain, the odds were lower but still notably
elevated (aOR: 44.42, 95 % CI: 29.39-67.12).

Table 5 indicates that, regardless of gender, people with both de-
mentia and chronic pain exhibited significantly higher odds of self-care
limitations compared to those without either condition, which is
consistent with the main findings. For example, males with both de-
mentia and chronic pain had markedly increased odds of experiencing
self-care limitations (aOR: 64.25, 95 % CI: 44.15-93.53) than those
without either condition.

4. Discussion

This study investigated older Australians aged 65 years and over
from a nationally representative Survey of Disability, Ageing and Carers
(SDAC) dataset to ascertain the association of dementia, and chronic
pain with self-care limitations. The study further examined the associ-
ation of co-occurring dementia and chronic pain with self-care limita-
tions. The study found that dementia and chronic pain independently
are associated with increased odds of self-care limitations. However, the
most concerning finding is the interaction effect, which suggests that co-
occurring dementia and chronic pain significantly amplify a person’s
self-care limitations.

The results showed that dementia is associated with self-care limi-
tations, which is consistent with earlier research in which it was found
that as dementia progresses, cognitive impairment makes it more diffi-
cult for people to engage in regular tasks (self-care domain) (Barberger-
Gateau et al., 2002; Muo et al., 2005; Rocha et al., 2013). According to a
previous study conducted in the USA, people with dementia were more
likely to indicate functional limitations in 11 out of the 12 activity

66



Journal of Affective Disorders 369 (2025) 633-642

(0S'T-€2'1) 9€°1 oz 10l (2541 (19'T-41'D LE'T TEL'ES Ly (6b°1-02°D) bE'T 80G°Lt L6L Loy, [ende) uerfensny
(6t°0-€£°0) T#°0 z12°0€ 8SE (85°0-62°0) T+'0 LET9T €€lL (Lb°0-€€°0) OF'0 940 T SzT Aroyay wagiIoN
(£8'T+¥2) S9T $0E°L6T S512 (00¢-+€72) §9°C S69°€0T S68 (16'T-6€2) ¥9T 609°€6 0921 BIUBWISE],
(96'6-60'6) 256 125604 €0es (9T'01-46'8) S5'6 TST'ELE 0082 (ST'01-98'8) 8F'6 04T°9gE €0vT BI[EXSNY UI)SIM
(28'8-€9'2) 128 29L 119 6009 (1T°6-81°4) ¥1'8 T1E'81E 0€0Z (b8'8-SL°L) 8T8 0SS°€6T 66T eI[ensny yinog
(¥1'02-99'81) 6£°61 STLSHE'T 8ET9 (+9°02-95'81) 8G'61 S8%'59Z 443 (S2'02-91°81) 8161 0¥Z 089 ¥66T puejsussngy
(60°92-S¥'¥T) 92'ST 8SE°€88'T 06 (S592-61'+€) 9£'SE 20Z'166 194 (1€'92-€0'%2) ST'SE 950°268 £FSE BHOPIA
(ET'PE-0ETE) ITEE $SS9LY'T 1£E'TT (STHE-S9'TIE) b6'ZE €05°£82'T 1065 (Z8'¥€-9T'ZE) ESEE 1S0°681°T 0L¥S SO[BM INOS MIN.
A1011119] 10 A1RIS

$210UN0d
(19'1Z-€1°02) 98'02 LE6FSS'T 0608 (€£0'22-88'61) €6'02 512818 (2454 (08°12-8L'61) £LL'0T 12L9EL 9b6E Bupyeads-ysi8ug-uoN
(0T'ST-TE'ET) 05°+1 861°180'T 7955 (ETST-PY'ET) 9T'FT SoF'LSS 60L4T (09°'ST-L6°ET) LLFT €ELETS £58T saruno) Supyeads ysidug
(8r'S9-624'€9) ¥9'+9 THY618'Y 0012 (20°99-8S'€9) 18'+9 LES'EEST 8ZTET  (19°S9-6T'€9) OF'+9 906°S8T°C TLYEL Blensny
YuIq Jo Anuno)

BaIE
(EF'11-2€°01)98°01 056608 [ 4V (€T 11+56) 1€01 L86°TOY 1912 (42e1-2e401) 8%’ 1L 29690+ 1£92 2)0WaI pue [PUOIZI 1INQ
(s8'2¢-82°12) S0°CT SELPPI'T £868 (92°€2-81"12) 09°CE £T5°€88 8biv (¥S'2C-6€0T) SP'1T S19°092 SESh efensny [euoiSal rauug
(96'£9-02'99) 80°£9 06¥°100°S ££6'9T  (S£'89-08'S9) 60'L9 £0£'T29'T TLH'ET  (42'89-98'59) 80'L9 €8L°8LE°T SOS‘€l eI[eNISNY UI S0 10fe ]
X3pUI SS2UOWRI pue AJIIqISSIIOY
(84'€5-+4'TS) 92°€S 664°0L6°E 888y (£6'€5-CH'TS) BI'ES 148'8£0°C 05221 (S0'YS—+9'2S) SE'ES L26°T68°T 8921 Sewag
(92 L¥—TT'9¥) vL9F 6LLPBY'E $98'ST  (8S°L¥—£0'9F) T8'9F 9FE'0ES'T 1€82 (9" LF—56'Sh) 59'9F EEPPSIT €608 SEN
J2puan
(ZE'€1-0€'CT) 08T €SP P56 996'¢T  (0E'EI-b8'TI) SS'TT 65L°06F 80vL (8L€1-0¥'TT) BO'ET €69°C9F 8552 aAoqe pue g
(66'21-96'11) LF'T1 197626 6€29 GUEI-L'1D) 4TI re8‘S8r 950€ (STEI-18'TD) ISTL LTYEYY £81€ #8-08
(§5°8T-1€'L1) T6'LT 191°9¢€'T 9285 (96'81-81°L1) SO'8T 664'G0Z ¥S8T H9'81-+6'9T) £LLT €9£°0£9 TL6T 6L-GL
(10°92-85'+2) 62'ST §89°688'T z6v9 (0€°£2-12'S2) ¥2'92 Sb8'SZ0'T LSEE (22°ST-0E°€T) ST'HT 0v8°658 SEIE ¥L-0L
(T€°TE-€L08) 2S'1E LI86VET 62TL (98°1£-9'62) 24 °0€ 0860021 90E (0S°€E-TETE) 6ETE LEBBYT'T £28€ 69-59
a8y
(112€-89°0€) 6E'IE LBEOFET 19v'12  (I¥'1€-£E'62) BE'0E 699°L8T'T 81401 (0S'€£-2STI€E) 0SCE 819°TST'T €PL0T S9X
(2€'69-68'£9) 1989 062'STI'S 16261  (€9704-6589) £9'69 8PS 1ZLT £9€6 (8¥'89-05'99) 0S'£9 TrLE6ET 8266 oN
ured d1uoIyD
(P'S-16'F) LT'S €12°s8¢ PES'TT (b9'5-S8'%) €2'S 9Z¥'v0Z TL85 (9¥°S-9LF) OT'S £8L°081 7995 S9%
(60'56-95'+6) £8'+6 $9£°0£L0°L 812'6C  (SI'S6-9E'¥6) LL'F6 16LF0L'E 60TFT  (FT'S6-+SH6) 06'+6 €45°G9€°E 600'ST ON
BOUSWR(
(STTT-€ETD) £L°T1 ¥8LYLY PIFTE (B8'TT-29°00) 4211 9e5'6EY ¥ZL0T  (98°CI-TLTT) £2°2T 8+CGEY 069°0T 212428 10 punojoid
(9t°6-55'8) 00°6 £86°049 2T (06'6-55'8) 12'6 T€6'65€ 080T (6€°6-61'8) £L'8 9Z0°11E 1911 PITIN 10 31BI3POIN
(98'6£-99'8L) LT'6L 9€8°606°S L60°LT  (1¥°08-£9'8L) SS'6L 0SL601°€ L4T8 (SL'6L~¥1'84) 96'8L 980°008¢ 0z88 SUOnEIIUI| 218D-J[38 ON
SUONRIUII] SIBI-J[3S JO [9A]

LL5°sSY'L TSLOF =U (ID%S6) LIT606'E=N  180°0T=1Uu (1D % S6) 09€°9¥S'E 1£9'02
(ID % S6) % PAIY3TaM = NPIYBIM  pAIYBaMUn % PAIYBPM pa1ysem  parySramun % PaIBoM = N palSam = u payydromun SOnSHIAIIERIRYD
pajeed 8102 s10T

637

67

R. Haque et al.

‘sjuedonied Apnis 9 jo SONSLIRIIBIRYD punoIdyoeg
1 9IqeL



R. Haque et al. Journal of Affective Disorders 369 (2025) 633-642

. A 3163
=  Yes i
e = 1.33
S o
a 5 S T DR 68.37
a2 No 95.53
98.67
- o T 32.41
= Yes
w = 1.5
= g
a 5 T e E B 67,59
& No 95.78
98.5
» RGN 30.35
= Yes :
w = 113
= g
a E e L OO 69, 5
a2 No 95.25
98.87
0 20 40 60 80 100 120
" Profound or severe limitation ™ Moderate or mild limitation ® No self-care limitation

Fig. 2. Weighted prevalence of self-care limitations by the dementia status.

= N ) W 66.98
‘" Yes 62.42
T A 226
— =3
a -
s £ °
- E R T T R . 33.02
= No 37.58
C 77.4
N 66.38
E Yes
© g 21.81
< =
o~ 2 I NN 3362
= No 39.55
“ 78.19
67.58
5 Yes 64.69
.2 © 2347
= =
o e N 3242
= No 35.31
4 76.53
0 10 20 30 40 50 60 70 80 90
@ Profound or severe limitation m Moderate or mild limitation u No self-care limitation
Fig. 3. Weighted prevalence of self-care limitations by the chronic pain status.
categories, and respondents with dementia-related functional limita- This study revealed that chronic pain was associated with greater

tions reported a greater mean number of limited activities (6.84 versus self-care limitations. Earlier studies on older adults indicated that worse
4.87 in the cohort without dementia-related functional limitations) pain, that is,—more pervasive or intense pain, has a bigger impact on
(Arrighi et al., 2010). daily activities (Duenas et al., 2020; Montgomery et al., 2016; Perneros
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Table 2
Ordered logistic regression examining the association of dementia and chronic
pain with self-care limitation, Pooled data.

Model 1 Model 2
Level of self-care Level of self-care
limitation limitation
aO0R (95%CI) aOR (95%CI)
Dementia
No (ref)
Yes 15,12 #**

(12.50-18.29)

Chronic pain
No (ref)

Yes 5.98*** (5.49-6.52)

Group comparison in the interaction between dementia and chronic pain status
No dementia and no chronic 1.0 (Reference)
pain (ref)

No dementia but has chronic
pain

Has dementia but no chronic
pain

Has dementia and chronic
pain

6.25%*%(5.73-6.83)

19.77**%(15.41-25.36)

66.54**%(52.27-84.69)

Notes: 1. P-values: * < 0.001.

2. Abbreviations: ref. = Reference; aOR = Adjusted Odds Ratio; CI = Confidence
Interval;

3. Only exposure variables are reported in the adjusted models 1 and 2.

4. The models are adjusted with age, accessibility and remoteness index, country
of birth, and state.

Table 3
Relevant marginal effects results for ordered logistic regressions.

Level of self-care Level of self-care limitation

limitation

Self-care limitation
score

Variable of interest- chronic
pain

Variable of interest-
dementia

Marginal effect, P value Marginal effect, P value

0 —0.47; 0.001 —0.25; 0.001
1 0.09; 0.001 0.10; 0.001
2 0.38; 0.001 0.15, 0.001

Note: Self-care limitation score: 0 = No self-care limitation, 1 = mild or mod-
erate self-care limitation, and 2 = severe or profound self-care limitation.

and Tropp, 2009). Another study also revealed that the severity of
chronic back pain affected the quality of life regarding one’s health,
symptoms of depression and anxiety, the ability to work and carry out
daily activities, and the quantity of healthcare used (Stamm et al., 2016).
These researchers indicated that, even if pain cannot be removed
entirely, therapies that lessen the intensity of the pain may still improve
several health outcomes. This might be because people with chronic
pain worry about physical activity since it could exacerbate their
anguish (Friedrich et al., 2009; Nijs et al., 2008).

This study also demonstrated that co-occurring dementia and
chronic pain were associated with greater self-care limitations. Notably,
no prior studies have investigated this specific association. While related
research in the USA has identified connections between co-existing de-
mentia and visual impairment (Patel et al., 2020) or sensory limitations
(Assi et al., 2021) with functional limitations, these studies did not
explore chronic pain as a co-occurring factor. The findings of our study
extend existing knowledge by highlighting the magnified impact of de-
mentia alongside chronic pain on self-care limitations in older adults.

Policymakers and public health professionals seeking to measure and
manage this growing burden at the population level may find these in-
sights on the nature and extent of disability in dementia and chronic
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pain co-occurring in people to be valuable. At the policy level, there are
a few current programmes in place related to self-care, but there is no
evidence that they successfully target those people who require the most
assistance with self-care and self-management. The current self-care
related programmes include consumer-directed care arrangements in
which eligible older adults receive a pre-determined fixed subsidy that
can be used for various self-care services (such as physical fitness ac-
tivities, social engagement and inclusion, and medical equipment) but
not for medication (Duggan et al., 2017). However, in the absence of a
deliberate national strategy that provides a formal definition of self-care
and additional guidance on how these funds can be used to support self-
care, it is unlikely that consumer-directed care will significantly impact
self-care practices. Regarding chronic pain, a prior study found that
more severe and extensive pain and the self-perception of pain’s impact
on work and social life were associated with greater levels of limitations
in ADLs (Duenas et al., 2020). Hence, determining what makes some
people more limited than others could help guide future prevention and
treatment efforts to ensure that chronic pain does not have negative
consequences for other family members or individual’s own work, and
social lives. This will assist in the development of future prevention and
treatment programmes. Recently, the Australian government allocated
$20 million to a pilot programme called Pain MedsCheck that will assist
people in using medications to treat chronic pain (Duggan et al., 2017).
As part of Pain MedsCheck, pharmacists will monitor people using
medicine to treat chronic pain that has lasted three months or more. In
addition to pharmacological intervention, Pain Australia’s national pain
strategy includes self-management techniques such as ‘pacing’ to pre-
vent pain episodes, which involves sustaining a consistent level of daily
activity, as well as physical exercise and mental health strategies such as
mindfulness (Painaustralia, 2019). As intriguing as these and other
contemporary initiatives may be, it is evident that a continuous, aligned,
and personalised healthcare approach is needed to establish self-care
priorities, especially in groups with the greatest need, as evidenced by
the inadequacy of isolated programmes and projects. Future research
may contribute to further refining the clinical practice guidelines
currently used to manage pain and dementia.

The primary strength of this study is the use of the SDAC dataset, a
nationally representative sample of the population (Schofield et al.,
2019). This study is one of the first to investigate the association be-
tween dementia and chronic pain with self-care limitations in an
Australian context. Moreover, this study considered the co-occurrence of
dementia and chronic pain, a prevalent co-morbidity with self-care
limitations, which is barely explored in previous studies.

While interpreting the findings, it is crucial to consider the limita-
tions of the study. First, the cross-sectional research design prevented
this study from determining the causal links between self-care limita-
tions and the co-occurrence of dementia and chronic pain. Second, since
the data on disability were mostly collected from aged-care facilities,
information about several socio-economic characteristics was unavai-
lable, restricting this study from incorporating all confounders into the
adjusted model to provide a complete case analysis. Hence, there is a
possibility of systematic bias such as unmeasured confounders. Third,
the measurement of chronic pain poses challenges due to its subjective
nature and discrepancies in the formulation of questions used to assess
chronic pain in survey instruments. People may encounter several forms
of pain, such as cancer-related pain, neuropathic pain, and musculo-
skeletal pain. The surveys and data collections analysed in this research
do not individually assess these specific categories, however rather
aggregate them, posing challenges in exploring the various types of
chronic pain prevalent in Australia. Finally, self-reporting or proxy-
reporting poses a significant challenge, particularly in cases where a
person’s cognitive abilities are impaired, resulting in a protracted and
ambiguous diagnosis process. Moreover, the presence of stigma may
discourage people from identifying themselves. The SDAC may under-
estimate the prevalence of mild and moderate dementia among the
household population. Identifying people with dementia, particularly at
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Table 4
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Heterogenous effect: group comparison in the interaction effect of cooccurring dementia and chronic pain with self-care limitations by age using ordered logistic

regression, pooled data.

Model 1 Model 2

Model 3

Model 4 Model 5

Level of self-care limitations
(Age 70-74)

Level of self-care limitations
(Age 65-69)

Level of self-care limitations

(Age 75-79)

Level of self-care limitations
(Age 85 years and over)

Level of self-care limitations
(Age 80-54)

aOR (95%CI) aOR (95%CI)

aOR (95%CI)

aO0R (95%Cl) aOR (95%CI)

Dementia and chronic pain interaction
No dementia
and no chronic
pain (ref)

No dementia
but has chronic
pain

Has dementia
but no chronic
pain

Has dementia
and chronic
pain

8.99%** (7.37-10.95) 7.19%%* (5.89-8.78)

73.70%** (24.44-222.23) 20.46%** (9.98-41.98)

102.46*** (45.56-230.41) 78.86%7* (44.34-140.23)

6.24*** (5.09-7.63)

16.15%%* (9.41-27.71)

75.69%** (45.43-126.12)

4.78%** (3.90-5.86) 4.43%** (3.69-5.31)

7+ (11.32-31.98) 13.92%%* (9.42-20.55)

61.80%** (36.02-106.04) 44.42%%% (29.39-67.12)

Notes: 1. P-values: ***P < 0.001.

2. Abbreviations: ref. = Reference; aOR = Adjusted Odds Ratio; CI = Confidence Interval.

3. Only exposure variables are reported in the adjusted models 1-5.

4. The models are adjusted with age, accessibility and remoteness index, country of birth, and state.

Table 5

Heterogenous effect: group comparison in the interaction effect of cooccurring
dementia and chronic pain with self-care limitations by gender using ordered
logistic regression, pooled data.

Model 1 Model 2

Level of self-care limitations
(Gender: Female)

Level of self-care
limitations (Gender: Male)

aO0R (95%CI) aO0R (95%CI)

Dementia and chronic pain interaction
No dementia and no
chronic pain (ref)
No dementia but has
chronic pain

Has dementia but no
chronic pain

Has dementia and
chronic pain

6.28*** (5.49-7.18) 6.23*** (5.55-6.99)

18.22%%* (12.54-26.48) 21.20%** (15.27-29.43)

64.25"* (44,15-93,53) 67.30"** (49,48-91.53)

Notes: 1. P-values; ***P < 0.001.

2. Abbreviations: ref. = Reference; aOR = Adjusted Odds Ratio; CI = Confidence
Interval;

3. Only exposure variables are reported in the adjusted models 1 and 2.

4. The models are adjusted with age, accessibility and remoteness index, country
of birth, and state.

advanced ages, is complicated by co-occurring health conditions that
obscure dementia symptoms. The aforementioned obstacles will likely
influence the data collected via self-administered or proxy-based ques-
tionnaires. However, earlier population-based research frequently uti-
lised self-reported data (Assi et al., 2021; Frank et al., 2019; Patel et al.,
2020).

5. Conclusions

In conclusion, this study sheds light on the significant challenges
faced by Australian older adults living with both dementia and chronic
pain. The results, based on a nationally representative sample, showed
that dementia and chronic pain were independently associated with self-
care limitations. Furthermore, the group comparison in the interaction
effect reveals that co-occurring dementia and chronic pain were asso-
ciated with significantly higher self-care limitations.

These findings have significant implications for improving the health
of older people with dementia. Given the potential for chronic pain
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treatment to alleviate the constraints associated with dementia, it is
critical to investigate low-cost and easily accessible pain management
solutions customized to this demographic. This might include non-
pharmacological therapies like physical therapy, relaxation methods,
or cognitive-behavioural therapy approaches tailored to people with
dementia.

Further study is urgently required to validate the reported interac-
tion effect and understand possible mechanisms. Studies exploring the
specific types of chronic pain experienced by older people with de-
mentia, as well as their influence on self-care limitations, might be
beneficial. Furthermore, studying the efficacy of various pain treatment
techniques in older adults is critical for informing clinical practice and
improving care. By managing chronic pain, we may be able to consid-
erably enhance or preserve the functional abilities of older people,
especially those with dementia, enabling them to live more satisfying
lives.
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5.2 Links and implications

This study represents the first Australian investigation into this important issue, utilising
nationally representative data to provide new insights into the relationship among dementia,
chronic pain, and self-care limitations. Its findings are significant for informing targeted,
personalised healthcare strategies and planning interventions to promote independence and
healthy ageing for older adults. By addressing a critical area of need, this research underscores
the importance of integrated healthcare approaches for those with the greatest self-care
challenges. In the subsequent study, presented in Chapter 6, the concentration index and
decomposition analysis are applied to investigate how cognitive impairment affects the
distribution of HRQoL across various socio-economic classes amongst older Australians. The
following study identifies the extent of inequalities that greatly contribute to the HRQoL of
older Australians.

Note: Appendix C provides online supplementary material and associated appendix tables, as

referenced in this chapter.
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CHAPTER 6: PAPER 4 - SOCIO-ECONOMIC INEQUALITIES
IN HEALTH-RELATED QUALITY OF LIFE AND THE
CONTRIBUTION OF COGNITIVE IMPAIRMENT IN
AUSTRALIA: ADECOMPOSITION ANALYSIS

6.1 Introduction

This chapter presents the fourth study of this thesis, which examines the distributional effects
of cognitive impairment on inequalities in HRQoL among older Australians, addressing a
significant gap in the Australian health inequality literature. While it is well-established that
individuals from lower SES groups tend to experience lower HRQoL compared to those from
higher SES groups, the specific contribution of cognitive impairment to this disparity remains
unexplored. This study seeks to determine whether inequality in HRQoL exists among older

Australians and, if so, to what extent cognitive impairment contributes to this inequality.
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and 0.025 for wave 12 and wave 16, respectively. Additionally, the results showed that mild cognitive
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2012 and 2016.

Conclusion: People from lower socioeconomic status (SES) groups tend to have lower HRQoL compared to those
from higher SES. This leads to a greater disparity in HRQoL based on SES. Cognitive impairment positively
contributed to this inequality in HRQoL. Therefore, it is critical to incorporate cognitive impairment into the
design of interventions to reduce socioeconomic inequality in HRQoL.

Keywords:
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1. Introduction

Improving the health of populations and decreasing health dispar-
ities across different socioeconomic groups and geographical areas are
two of the world’s most pressing public health concerns (Marmot, 2005;
Rezaei et al., 2018a,b). Assessing the population’s overall health and
distribution of health outcomes across different socioeconomic strata is
an essential first step to evaluate the degree to which these objectives
have been met. One important indicator of health status that has been
increasingly used to assess health inequalities across various socioeco-
nomic groups is the Health-Related Quality of Life (HRQoL) (Arcaya
et al., 2015; Djarv et al., 2013; Rezaei et al., 2018a,b). Prior research has

established a positive link between socioeconomic status (SES) and
HRQoL (Burstrom et al., 2001; Djarv et al., 2013; Kind et al., 1998).
These studies emphasized the noteworthy effects on HRQoL linked to
factors such as age, healthcare coverage, financial status, educational
level, having a diagnosed chronic illness, and behavioural variables
including physical activity and tobacco smoking. The extant literature
mostly addresses the primary determinants that contributed to HRQoL
across different social groups. However, there is a dearth of research that
specifically investigates socioeconomic inequality in HRQoL. The au-
thors of a recent Iranian study on socioeconomic inequality in HRQoL
identified pro-rich inequality in individuals with low HRQoL (Rezaei
et al., 2018a,b). The study identified income, a sedentary lifestyle, the
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existence of chronic health conditions, and not having health insurance
as the four primary contributors to inequality for people with low
HRQolL. In Australia, there has been an increasing disparity in health
outcomes along the socioeconomic gradient, indicating a deteriorating
inequality (Flavel et al., 2022). Therefore, it is crucial to determine the
variables that contribute to the socioeconomic disparities in the HRQoL
of older individuals in Australia.

The existing literature has not adequately explored how cognitive
impairment contributes to inequalities in HRQoL. Cognitive impairment
refers to a reduced ability to comprehend and perceive the environment
a person inhabits (Folstein et al., 1985). The spectrum of cognitive
impairment spans from mild to severe. While severe cognitive impair-
ment can result in a person being unable to live independently due to
challenges in planning and carrying out daily tasks, and applying sound
judgment, mild impairment is defined as a state in which there are
discernible changes in cognitive functioning, but the person is still able
to perform their daily activities (Dhakal and Bobrin, 2022). Previous
research from China, Sweden, and Turkey showed a link between
cognitive impairment and reduced HRQoL in older people (Akdag et al.,
2013; Johansson et al., 2012; Pan et al., 2015). The CDC HRQOL-4 was
used to measure HRQoL in the Turkish study, while the EQ-5D was used
in the Chinese and Swedish studies. In contrast, other research indicated
that cognitive impairment does not affect the HRQoL of people living in
nursing homes (Elliott et al., 2009), people living with dementia
(Banerjee et al., 2009), and older Canadians residing in institutions
(Davis et al., 2015). A recent longitudinal study conducted in Australia
used the SF-36 and SF-6D measures to examine the relationship between
cognitive decline and HRQoL in older Australians (Keramat et al., 2023).
The results indicated a link between cognitive impairment and a
decrease in HRQoL. However, the study did not investigate the contri-
bution of cognitive impairment on socio-economic inequality in HRQoL.
Understanding this link is crucial for designing health equity strategies
and implementation plans to achieve health equality for older
Australians.

Although there has been significant progress in the overall health of
people worldwide, disparities in health between wealthier and poorer
countries, as well as across various socioeconomic strata within each
country, have remained stagnant or, in some instances, even deterio-
rated (Robert et al., 2000; Sibanda and Doctor, 2013). Therefore, the
goal of this research was two-fold. Firstly, to identify if there is any
inequality in HRQoL among older Australians. Secondly, if inequality
exists, what is the contribution of cognitive impairment? Comprehend-
ing this association is essential for formulating and implementing health
equity strategies to mitigate health disparities among older Australians.
This understanding, ideally, can contribute to the implementation of
equitable health policies and practices that enhance their HRQoL.

2. Methods
2.1. Data source and settings

Data were derived from the Household, Income, and Labour Dy-
namics in Australia (HILDA) survey. The survey, in operation since
2001, gathers annual data from a sample of nationally representative
Australians. The study tracks more than 17,000 people across their
lifetimes and collects information on various subjects such as family and
home dynamics, labour supply and income, levels of education, and
health outcomes. A comprehensive grasp of HILDA records and infor-
mation may be obtained elsewhere (Watson, 2021).

2.2. Study participants

This analysis relies on data collected from two waves of the sur-
vey—wave 12 (2012) and wave 16 (2016)— as these were the only
waves that included questions on cognitive impairment. Wave 12 served
as the starting point, while wave 16 served as the subsequent
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measurement. The analysis focused exclusively on older people in
Australia, specifically individuals aged 50 years or above. Participants
who lacked complete information on the outcome variables (HRQoL
outcomes) or exposure factors (cognitive function test scores) were
excluded from the study. The study participants aged 50 years and older
numbered 5,247 and 5,614 individuals in 2012 and 2016, respectively.
Figure Al of the Appendix in online supplementary material provides a
comprehensive overview of the sample selection process, including the
criteria used to exclude certain observations and a detailed breakdown
of any missing data.

2.3. Outcome variable

The HILDA study gathered information on HRQoL by administering
the RAND Corporation-developed 36-Item Short Form (SF-36) survey
(Brazier et al., 1992). This survey has 36 standard, easy-to-ask questions
that cover four aspects of mental health and four aspects of physical
health. The responses of the participants are evaluated using a numerical
scale of 0-100, with 0 indicating the worst health status and 100 rep-
resenting the best possible health status for each component of health.
The obtained results are then transformed into two summary component
scores: the mental component summary (MCS) score and the physical
component summary (PCS) score.

While the SF-36 serves as a reasonably comprehensive assessment
tool for evaluating health status, it fails to account for utility. Therefore,
this study utilised the SF-6D utility index to measure HRQoL. A modified
iteration of the SF-36, the SF-6D generates utility values, making it more
economically relevant from an analytical perspective (Ferreira et al.,
2013). The six multi-level aspects that comprise the SF-6D scale include
physical functioning, role limitations, social functioning, body pain,
mental health, and vitality. The SF-6D scale has a range of values from
0.29 to 1, with 1 representing optimal health and 0.29 indicating the
most severe state of ill health.

2.4. Exposure variable

HILDA assesses participants’ cognitive abilities using validated
cognitive function tests, which are conveniently implemented and
compatible with HILDA’s in-person survey design. The relevant markers
of cognitive function used are the Symbol Digit Modalities Test (SDMT)
(Smith, 1982) and the Backward Digit Span (BDS) test (Lamar et al.,
2007). This specific set of tests was previously used to identify cognitive
impairment in people diagnosed with multiple sclerosis (Parmenter
etal., 2007; Van Schependom et al., 2014) and people who were acutely
hospitalised (Leung et al., 2011). In the BDS cognitive assessment test,
participants are asked to repeat a series of digits in reverse order (Lamar
et al., 2007). The BDS evaluates the capacity of working memory and is
graded on a scale ranging from O to 8. For the SDMT, respondents are
required to match particular numbers with arbitrary geometric figures
(Smith, 1982). The SDMT scores between 0 and 110 and evaluates
central brain processing.

The threshold for cognitive impairment in this study was established
using earlier established criteria: people with mild cognitive impairment
(MCI) are defined as having a score > 1 standard deviation (SD) lower
than the mean on the BDS, SDMT, or both, and people with severe
cognitive impairment are defined as having a score of SD > 1.5 below
the mean on both tests (Aschwanden et al., 2020; Keramat et al., 2023).
As a result, the BDS cut-off score was set at < 3, and the SDMT cut-off
score was set at < 30. This means that any person who scores at or
below the cut-off score on either test is classified as having MCI. How-
ever, a score of <2 on the BDS and <24 on the SDMT tests indicates
severe cognitive impairment.

2.5. Income

The estimation of SES and the calculation of the concentration index
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were based on equivalised household disposable income. The total
disposable income comprises earnings from a job and self-employment,
income generated from investments, and Australian income assistance
payments. The research employed the OECD-modified scale to account
for variations in income. The equation for equivalised household income
is provided by ABS (ABS, 2006):

Household Di ble I
Equivalised Income = OUSERo’C LISPosabe ncome
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Here, a population consisting of n people with varying health levels

2.6. Covariates

This study considered various demographic, SES variables, health-
related traits, as well as health-related behaviours, as potential cova-
riates that might be associated with HRQoL. The factors encompassed
are age, gender, marital status, educational attainment, annual dispos-
able income of the family, labour force participation, Indigenous origin,
area of residence, Body Mass Index (BMI), smoking habits, and alcohol
drinking. The variables are categorised and shown in Table Al of the
Appendix in the online supplementary material.

2.7. Conceptual framework

To explore the socio-economic inequality in HRQoL and the contri-
bution of cognitive impairment, this study developed a conceptual
framework of HRQoL for older people following an earlier established
framework (McDool et al., 2024). Figure A2 of the Appendix highlights
that factors associated with HRQoL are broadly categorised as
health-related behavioural characteristics such as smoking habits,
alcohol drinking, health-related characteristics such as cognition status,
and Body Mass Index (BMI), socioeconomic status such as level of ed-
ucation, household yearly income, participation in the labour force, area
of residence, and demography factors such as age, gender, indigenous
status, marital status.

2.8. Estimation strategy

This study used the standard concentration index (SCI) to measure
socioeconomic inequity in HRQoL where equivalised household income
was used as a proxy of the SES. The study also presents socio-economic
inequality in HRQoL using the concentration curve (CC). The concen-
tration curve demonstrates the cumulative share of HRQoL (SF-6D) in
comparison with the cumulative share of the population ranked by
equivalised household income. The CC outlined three key points
regarding its position on the 45-degree equality line: inequalities that
favour the poor (above the line), inequalities that favour the rich (below
the line), and no inequalities (on the line itself).

This study followed the approach used by Hashmi et al. (2020) to
identify the inequality that exists in HRQoL and the contribution of
cognitive impairment to this disparity (Hashmi et al., 2020).

The study used the Concentration Index (CI), which is a rank-
dependent inequality metric that quantifies socio-economic inequality
(Wagstaff et al., 1989). Clis mainly based on the CC of two variables; the
number is twice the area between the CC and the line of perfect equality.
As a result, the CI is constrained between —1 (perfectly pro-poor
inequality) and 1 (perfectly pro-rich inequality) and defined as follows
(Kakwani, 1980; Kakwani et al., 1997):

1 x First Adult + 0.5 x Additional Adults + 0.3 x Additional Children

1

h; is ranked by income and some other measure of SES, ordered from the

poorest to the richest resulting in a fractional rank R; = Z=1, h= @
andi = 1,2,....,n. A pro-rich distribution is shown by a positive value of
the CI; whereas, a pro-poor distribution is shown by a negative value of
CL

In earlier research (Wagstaff et al., 2003), showed that if health is a
linear function of K variables (such as demographic, health-related and
behavioural factors, and SES), then CI is a weighted sum of
socio-economic disparities in these variables.

Therefore, the CI may be broken down based on the following
regression:

k
h=a+ Z}_Zlﬁj. X+ &)

where, a and ,b‘j, j=1,....k are coefficients that are required to be
estimated, and u; represents the error term with Efy;] = 0. Through the
substitution of (4) into (3) as well as some algebra, Wagstaff et al.
showed that (Wagstafl et al., 2003):

GC,
CI=Y_ nCl + = (5)

in this context, CI} represents the concentration index of the factor xy,
while ;, = ﬁk% stands for the average elasticities, or magnitude of the
impact of k factors. The initial term, 5, Cly, of each component, x;, re-
veals its contribution to socioeconomic disparities caused by x.
Therefore, »",n.Cl is the model’s overall contribution to explaining

socioeconomic disparity. The residual term, %, represents unexplained
socioeconomic inequalities.
The following procedures were used to determine the factor

decomposition of the concentration index:

Step 1 A regression analysis using Ordinary Least Squares (OLS) was
performed to investigate the link between HRQoL and various
characteristics including cognitive impairment, age, gender,
marital status, highest level of schooling achieved, household
yearly disposable income, labour force participation, indigenous
origin, area of residence, BMI, smoking habits, and alcohol
drinking. The findings of the regression are depicted in Table 3.

Step 2 To compute the average value of all variables, this study
employed the mean command.

Step 3 Based on the mean values and coefficients obtained from the OLS
regression, elasticities were calculated for all the independent
variables.

Step 4 The coindex commands were used to compute concentration
indices for all independent variables.

Step 5 The percentage contribution of each variable was derived by
multiplying the elasticities and concentration indices of each
independent variable.

Step 6 The processes were iterated for each wave.
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Table 1
Distribution of test scores, cognitive impairment, and other covariates in wave
12 and wave 16.

Variables Baseline wave (2012) Final wave (2016)
n mean (SD/ n mean (SD/
%) %)

Utility score

SF-6D 5,247 0.74 (0.13) 5,614 0.74 (0.13)

BDS test score 5,247 4.79 (1.39) 5,614 4.86 (1.40)

SDMT score 5,247 41.91 5,614 43.09

(12.07) (11.76)

Cognitive impairment, n (%)

No 4,593 87.54 5,061 90.15

Mild 617 11.76 507 9.03

Severe 37 0.71 46 0.82

Age (in years)

50-64 3,075  58.60 3,268  58.21

65 and above 2,172 41.40 2,346 41.79

Gender

Male 2,459 46.86 2,653 47.26

Female 2,788 5314 2,961 52.74

Indigenous Origin

Non Aboriginal or Torres Strait 5,162  98.38 5,503  98.04
Islander

Aboriginal or Torres Strait 85 1.62 110 1.96
Islander

Marital Status

Unpartnered 1,837 35.01 1,998 35.59

Partnered 3,410 64.99 3,616 64.41

Highest level of schooling achieved

Year 12 and below 2,318 44,18 2,261 40.27

Professional qualifications 1,724 32.86 1,967 35.04

University qualifications 1,205 2297 1,386  24.69

Household yearly disposable income (Quintile)

Quintile 1 (lowest) 1,049  19.99 1,123 20.00

Quintile 2 1,050  20.01 1,123 20.00

Quintile 3 1,049 19.99 1,124 20.02

Quintile 4 1,050 20.01 1,122 19.99

Quintile 5 (highest) 1,049  19.99 1,122 19.99

Participation in the labour force

Employed 2,467 47.02 2,671 47.58

Unemployed/Not in the labour 2,780 52.98 2,943  52.42
force

Area of residence

Major Cities 3,368 64.19 3,544  63.13

Regional/remote 1,879 35.81 2,070 36.87

BMI

Healthy weight 1,712 32.63 1,750 31.17

Underweight 72 1.37 64 1.14

Overweight 2,026 38.61 2,107 37.53

Obese 1,437 27.39 1,693  30.16

Smoking habits

Former smoker/never smoked 4,588  87.44 4,905  87.37

Currently smoking 659 12.56 709 12.63

Alcohol drinking

Former drinker or never drunk 965 18.39 1,058 18.85

Active drinker 4,282 81.61 4,556 81.15

All analysis was conducted using STATA 16 (Stata Corp LLC).
3. Results

Table 1 provides a summary of the distribution of various factors
including the outcome variable (SF-6D score), the exposure variable
(BDS and SDMT scores, cognitive impairment), demographic charac-
teristics, SES, health-related characteristics, and health-related behav-
iours in the baseline wave (2012), and the final wave (2016). The mean
utility score (SF-6D) remained consistent at 0.74 (SD = 0.13) in both
2012 and 2016 waves. The distribution of exposure measures in the final
wave (2016) of the participants was as follows: the mean BDS score was
4.86 (SD = 1.40), the mean SDMT score was 43.09 (11.76), 90.15% had
no cognitive impairment, 9.03% had mild cognitive impairment, 0.82%
had severely cognitively impaired. Additionally, the data revealed that
in wave 16, approximately 41% of the participants were aged 65 years
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or older, just over half were female (52%), 2% identified as indigenous,
64% were in a relationship with a partner, 24% held a bachelor’s degree
or higher, around 52% were unemployed or not in the labour force, 36%
resided in a regional or remote area, 30% were obese, 12% were current
smokers, and 81% were current alcohol drinkers.

Fig. 1 illustrates the findings of SCI to calculate the CC of SF-6D
scores by equivalised household income for waves 12 and 16. The CI
values of 0.029 and 0.025 in waves 12 and 16, respectively, indicated
that socioeconomic disparity in HRQoL is evident in Australia. Addi-
tionally, the CCs are below the 45° line, suggesting that the highest
income quintiles have higher HRQoL utility scores. The differences in
HRQoL across socioeconomic groups warrant an examination of the
factors that contribute to these disparities.

Table 2 presents the findings from two distinct OLS regressions
conducted for wave 12 and wave 16. All results, except for indigenous
origin, highest level of schooling achieved, and area of residence, were
statistically significant in both years. The findings indicated that people
with mild and severe cognitive impairment had a poorer HRQoL
compared to people without cognitive impairment, in both years.
Compared to people with no cognitive impairment, people with mild
and severe cognitive impairment patients had 0.038 and 0.051 points
lower HRQoL, respectively, in wave 12. Likewise, in wave 16, the
HRQoL in participants with mild cognitive impairment was 0.047 points
lower, while in people with severe cognitive impairment, it was 0.043
points lower, compared to people with no cognitive impairment.

Table 3 depicts the Wagstaff-Doorslaer-Watanabe decomposition
estimation of socio-economic inequalities in HRQoL. The mean elastic-
ity, represented in the first column of each wave, indicates the extent to
which the exposures contributed to inequality in HRQoL. The second
column quantifies the level of inequality through the CI or income-
related component. The third column measures the contribution of
each factor on HRQoL by multiplying the values from the first two
columns. When a health variable, such as the HRQoL utility score, has a
higher value indicating better health, a positive (negative) impact of a
factor means that higher HRQoL is more prevalent among the wealthy
(poor) due to increasing inequality, resulting in a pro-rich (pro-poor)
distribution with respect to that factor (O'Donnell et al., 2008).

The results show that the socio-economic disparity in HRQoL varied
between 0.025 and 0.029 points during the study period (last row in
Table 3). Consistent with the regression results, all cognitive impairment
factors in both waves had a negative elasticity indicating the presence of
mild and severe cognitive impairment was associated with lower
HRQoL. The presence of mild and severe cognitive impairment showed a
negative CI indicating a pro-poor distribution of these variables.
Resultingly, these factors all had a positive contribution to the overall
pro-rich distribution in HRQoL. The cognitive impairment that
contributed the most to the overall pro-rich distribution was mild
cognitive impairment which explained 7.60% and 9.09% of the
inequality in HRQoL in 2012 and 2016, respectively.

Apart from cognitive impairment, household income and lack of
employment were major drivers of overall inequality in HRQoL.
Compared to the highest income quintile, all other income quintiles
reported a negative elasticity. As the poorest (quintile 1) and poor in-
come (quintile 2) quintiles had a negative CI value, these variables
contributed to the observed inequality explaining 29.52% and 12.65%
of the overall inequality in wave 16. Being unemployed or not in the
labour force had a negative elasticity and CI value in both waves, and in
wave 16, it explained about 38% of the overall inequality in HRQoL.

The impact of unemployment and not being in the labour force on
the inequality in HRQoL may be attributed to the fact that younger
people within the older population (aged 50-64 years) are more likely to
be employed and earn higher salaries compared to older adults (aged 65
years and over) who may have cognitive impairments and are no longer
in the workforce. Therefore, this study conducted a sensitivity analysis
that included the concentration index, regression and decomposition
analyses, using the average household wealth as a proxy for SES instead
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Fig. 1. Concentration curve of health-related quality of life using standard concentration index with equivalised household disposable income ranking.
Notes: Abbreviation: CI = Concentration Index; 95% CI = 95% Confidence Interval.

of equivalised household disposable income. Due to the unavailability of
wealth data for wave 12 and wave 16, this study imputed wealth values
that the HILDA survey collected every fourth wave, beginning with wave
2. Net household wealth within the HILDA dataset is determined by
deducting total debts from total assets. A detailed description of the
wealth variable calculation methodology can be found in the HILDA
User Manual, Release 22 (Summerfield et al., 2023). For this study, the
mean wealth values from waves 10 and 14 were allocated to wave 12,
while the mean values from waves 14 and 18 were assigned to wave 16.
The results of SCI are consistent with our previous findings with CI
values of 0.019 and 0.023 for waves 12 and 16, respectively (see
Figure A3 of Appendix in the online supplemental material). Moreover,
consistent with our prior findings, the regression analysis revealed that
people with mild and severe cognitive impairment exhibited lower
HRQoL scores, by 0.046 and 0.043 points, respectively, in wave 16
compared to people with no cognitive impairment (see Table A2 of
Appendix in the online supplemental material). Finally, decomposition
analysis using average household wealth also revealed a pro-rich dis-
tribution of HRQoL, with mild cognitive impairment contributing 1.87%
and 2.27% to inequality in HRQoL in 2012 and 2016, respectively
(Table A3 of Appendix in the online supplemental material). However,
the magnitude of the contribution of cognitive impairment in explaining
inequality in HRQoL decreased compared to previous findings. In both
waves, being unemployed or not in the labour force had a negative
elasticity and CI value. In wave 16, it accounted for around 13% of the
total disparity in HRQoL. However, there was a significant decrease in
the magnitude of this contribution (38%) compared to the previous
analysis.

Fig. 2 displays the contribution of board category variables by waves.
In wave 12, cognitive impairment (both mild and severe) accounted for
8.45% of the inequality in HRQoL, whereas in wave 16 it accounted for
9.88%. On the other hand, SES explained 88.61% and 80.31% of the
inequality in HRQoL in wave 12 and wave 16, respectively.

4. Discussion

4.1. Key findings

Using data from the HILDA survey, this research initially investi-
gated if there is any inequality in HRQoL among older Australians.
Additionally, the research examined the contribution of cognitive
impairment on disparities in overall HRQoL across various socioeco-
nomic strata. In both years, people with mild and severe cognitive
impairment had a reduced HRQoL than people with no cognitive
impairment. Additionally, mild and severe cognitive impairment was
identified as a contributing factor to pro-rich socioeconomic inequality

in HRQoL. Furthermore, unemployment and low household income
were recognized as significant factors that contribute to overall dispar-
ities in HRQoL, alongside cognitive impairment. Several studies con-
ducted in Australia have examined the association of different factors on
HRQoL across population groups. These factors include social health and
stressful life events (Phyo et al., 2022), body mass index (Renzaho et al.,
2010), dietary quality (Milte et al., 2015), and cardiovascular disease
(O'Neil et al., 2013). A recent study investigated the link between
cognitive impairment and HRQoL in older Australians (Keramat et al.,
2023), while another study in Iran decomposed socioeconomic
inequality in HRQOL (Rezaei et al., 2018a,b). However, none of the
prior research decomposed the contribution of cognitive impairment in
the context of HRQoL inequality.

The study found that the prevalence of MCI among older Australians
aged 50 years and over was 11.76% and 9.03% in 2012 and 2016,
respectively. The results of this study are comparable to those of a
previous Australian study, which reported a pooled prevalence of
10.16% for MCI (Keramat et al., 2023). Supporting our findings,
research from other countries, including Spain (Lara et al., 2016;
Lopez-Anton et al., 2015), China (Lu et al., 2021) and Italy (Ravaglia
etal., 2008), also reported an MCI prevalence range of 7-12%. However,
according to a prior review study, the reported prevalence of MCI varies
significantly across international studies, ranging from around 3%-42%
(Ward et al., 2012). The observed variations in MCI prevalence can be
attributed to several factors, including heterogeneity in study samples,
the application of diverse diagnostic criteria for MCI, variations in study
settings, and discrepancies in methodological approaches. For example,
a meta-analysis of 53 studies from 17 countries found that the pooled
global prevalence of MCI among older adults living in nursing homes
was 21.2% (Chen et al., 2023). This finding contrasts with the preva-
lence of MCI in the general older population, which is typically much
lower. The higher prevalence of MCI in nursing homes can be explained
by the fact that cognitive impairment is one of the major reasons for
admission to nursing homes (Helvik et al., 2014; Kijowska and Szczer-
binska, 2018), resulting in a higher concentration of people with MCI
residing in these facilities compared to the general, community-dwelling
population. The study further revealed low rates of severe cognitive
impairment, with 0.71% and 0.82% prevalence in 2012 and 2016,
respectively. The findings are consistent with another Australian study
that reported a comparable pooled prevalence of 0.72% for severe
cognitive impairment (Keramat et al., 2023). The possible explanation
for the low prevalence of mild and severe cognitive impairment may be
attributed to the study’s design, which relied only on cognitive test re-
sults (i.e., BDS and SDMT) to define cognitive impairment. According to
the Diagnostic and Statistical Manual of Mental Disorders Text Revision
(DSM-5-TR), diagnosing cognitive impairment and dementia, also
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Table 2
Regression results.
Cognitive impairment, n Wave 12 Wave 16
) Coefficient P- Coefficient P-
(SE) value (SE) value
No (ref)
Mild cognitive impairment ~ —0.0386 0.001 —0.0475 0.001
(0.0053) (0.0057)
Severe cognitive —0.0517 0.001 —0.0439 0.011
impairment (0.0191) (0.0172)
Age (in years)
50-64 (ref)
65 and above 0.0227 0.001 0.0195 0.001
(0.0041) (0.004)
Gender
Male (ref)
Female -0.0094 0.001 —0.0089 0.006
(0.0034) (0.0032)
Indigenous origin
Non Aboriginal or Torres
Strait Islander (ref)
Aboriginal or Torres Strait 0.0035 0.783 0.0029 0.795
Islander (0.0126) (0.0112)
Marital status
Unpartnered (ref)
Partnered 0.0161 0.001 0.0202 0.001
(0.0035) (0.0033)
Highest level of schooling achieved
Year 12 and below (ref)
Professional qualifications —-0.001 0.803 —0.0039 0.293
(0.0038) (0.0037)
University qualifications -0.0002 0.970 0.0003 0.943
(0.0044) (0.0043)
E hold yearly disposable income (Quintile)
Quintile 1 —0.0573 0.001 —0.0338 0.001
(0.0059) (0.0057)
Quintile 2 -0.0332 0.001 —-0.029 0.001
(0.0055) (0.0053)
Quintile 3 —0.0173 0.001 —0.0089 0.076
(0.0052) (0.005)
Quintile 4 —0.0004 0.938 —0.0014 0.774
(0.0051) (0.0049)
Quintile 5 (ref)
Labour force participation
Employed (ref)
Unemployed/Not in the —0.0515 0.001 —0.0545 0.001
labour force (0.0042) (0.004)
Area of residence
Major Cities (ref)
Regional/remote —-0.0042 0.206 —0.0013 0.685
(0.0034) (0.0032)
BMI
Healthy weight (ref)
Underweight —0.0245 0.077 —0.0395 0.007
(0.0139) (0.0147)
Overweight —0.0146 0.001 —0.0112 0.003
(0.0038) (0.0038)
Obese -0.0441 0.001 —0.0493 0.001
(0.0041) (0.004)
Smoking habits
Former smoker/never
smoked (ref)
Currently smoking -0.0185 0.001 —-0.0288 0.001
(0.0049) (0.0048)
Aleohol drinking
Former drinker or never
drunk (ref)
Active drinker 0.0223 0.001 0.0284 0.001
(0.0042) (0.0041)

Notes: 1. Standard errors are in the parentheses. 2. Ref indicates reference group.

known as major neurocognitive disorder, usually requires a thorough
clinical examination that includes evaluating functional limits and other
relevant clinical criteria (American Psychiatric Association, 2022). This
constraint may have resulted in an underestimation of the occurrence of
mild and severe cognitive impairment in this sample, as some people
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with lower cognitive abilities on specific tests may not have met the
predetermined scores utilised in this study. However, they might have
the potential to meet the diagnostic criteria for these conditions with a
more comprehensive assessment.

The results show that cognitive impairment is negatively linked with
HRQoL in older Australians. This result is consistent with other studies
conducted in older people in Australia (Keramat et al., 2023; Phyo et al.,
2021), China (Pan et al., 2015), and Sweden (Johansson et al., 2012). On
the other hand, another study discovered no correlation between
cognitive decline and HRQoL among older people residing in the com-
munity (Davis et al., 2015). However, this discrepancy may be explained
using the Euro QOL (EQ-5D) metric as the HRQoL measure, which does
not include a cognition-specific category and therefore might not be
congruent with the cognitive impairment screening instrument. The
contribution of SES on HRQoL in Australia aligns with findings from
research conducted in other countries, indicating that those with higher
income levels tend to have better HRQoL (Matute et al., 2017; Rezaei
et al., 2018a,b).

This research provides a substantial contribution by investigating the
inequality in HRQoL, considering cognitive impairment and SES. The
negative elasticity of cognitive impairment indicates that increasing
exposure to cognitive impairment reduces HRQoL and contributes to
inequality in HRQoL. Both mild cognitive impairment and severe
cognitive impairment exhibit a negative CI, suggesting that they are
distributed in a way that disproportionately affects those with lower
SES. One plausible reason is that access to resources is linked to being
able to deal with health problems, and being poor makes it harder to get
those resources (Lima-Costa et al., 2005), which makes people more
likely to experience a lower HRQoL.

The consequences of cognitive impairment are similarly comparable
to some of the other socioeconomic factors identified, as both elasticities
and CI exhibited negative values. This indicates that being female,
belonging to the lowest income quartile group, being unemployed or not
participating in the labour force, residing in regional and remote areas,
being underweight or obese, and engaging in certain health-related
behaviours such as smoking reduce HRQoL and creating pro-poor
inequality in HRQoL. Among the socioeconomic determinants, this
study found employment and household income had the most significant
contribution to poor individuals’ HRQoL inequality. This result is
consistent with prior decomposition analysis where it was found lack of
wealth is a main contributor to poor HRQoL (Rezaei et al., 2018a,b). The
inverse association between poor wealth status and HRQoL may be
attributed to different factors. For example, wealth disparity may lead to
health disparities due to unequal distribution of resources and material
opportunities, such as access to nutritious food, adequate housing, and
healthcare services (Abbott, 2002; Hajizadeh et al., 2012).

In contrast, being partnered, having university qualifications, and
alcohol drinking are distinct in nature in their contribution to inequality.
In this scenario, both CI and elasticity are positive meaning wealthy
individuals are partnered, have more education, consume more alcohol,
and have higher earnings; having higher levels of these traits are
indicative of a higher HRQoL. Due to the varying impacts of these factors
on HRQoL for people in various socioeconomic categories, the
inequality in HRQoL in Australia continues to widen over time.

4.2. Strengths, limitations, and avenues for further research

The use of a comprehensive population-based longitudinal design
and a wide spectrum of older age cohorts constituted a significant
strength of this research. This study is the first to decompose the
contribution of cognitive impairment to pro-rich inequality in HRQoL
from the Australian context. A wide range of socioeconomic character-
istics related to health and health-related behaviour were controlled in
this study which makes the findings robust. The cognitive impairment
measures (SDMT and BDS) are also validated and demonstrate strong
efficacy in representing fundamental aspects of cognitive aging and
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Table 3

‘Wagstaff - Doorslaer — Watanabe - decomposition analysis.
Variables wave 12 wave 16

n? c? Co? %Co® n cI Co %Co

Mild cognitive impairment —0.0061 —0.3573 0.0021 7.6098 —0.0058 —0.3862 0.0022 9.0369
Severe cognitive impairment —0.0004 —0.4895 0.0002 0.8382 —0.0005 —0.4306 0.0002 0.8451
Age (in years)
65 and above 0.0127 —0.2488 —0.0031 —10.9729 0.0110 —0.2300 —0.0025 —10.2240
Gender
Female —0.0067 —0.0381 0.0002 0.8922 —0.0064 —0.0381 0.0002 0.9791
Indigenous origin
Aboriginal or Torres Strait Islander 0.0000 —0.0333 0.0000 —0.0087 0.0001 0.0264 0.0000 0.0081
Marital Status
Partnered 0.0141 0.0814 0.0011 4.0015 0.0176 0.0755 0.0013 5.3566
Highest level of schooling achieved
Professional qualifications —0.0004 0.0262 —0.0000 —0.0384 —0.0019 0.0207 —0.0000 —0.1538
University qualifications —~0.0000 0.3244 —0.0000 —0.0590 0.0001 0.2860 0.0000 0.1170
H hold yearly disposable income (Quintile)
Quintile 1 —0.0155 —0.7998 0.0124 43.0629 —0.0092 —0.8000 0.0073 29.5268
Quintile 2 —0.0089 —0.3998 0.0035 12.4479 —0.0079 —0.3999 0.0031 12.6522
Quintile 3 —0.0047 0.0001 —0.0000 —0.0031 —0.0024 0.0004 —0.0000 —0.0034
Quintile 4 ~0.0001 0.4002 —0.0000 ~0.1480 ~0.0004 0.4004 —0.0002 ~0.6153
Labour force participation
Unemployed/Not in the labour force —0.0370 —0.2540 0.0094 32.5902 —0.0388 —0.2468 0.0096 38.5113
Area of residence
Regional/remote —0.0020 —0.1063 0.0002 0.7591 —0.0007 —-0.1027 0.0001 0.2724
BMI
Underweight —0.0004 —-0.2537 0.0001 0.4008 —0.0006 -0.1549 0.0001 0.3805
Overweight —0.0076 0.0153 —0.0001 —0.4057 —0.0057 0.0364 —0.0002 —0.8366
Obese —0.0163 —0.0244 0.0004 1.3883 —0.0202 —0.0575 0.0012 4.6691
Smoking habits
Currently smoking —0.0031 —0.0665 0.0002 0.7279 —0.0049 —0.1145 0.0006 2.2693
Alcohol drinking
Active drinker 0.0246 0.0525 0.0012 4.4851 0.0313 0.0555 0.0017 6.9789
Total estimate contribution 0.0278 0.0247
CI of HRQoL (SF-6D) 0.029 0.025

X
Notes: 1. The 0 values do not represent actual zeros. The values are close to zero. 2. n symbolises elasticity. The equation is defined as n, = ﬁif, 3. The concentration

index (CI) is calculated by ranking the row variable based on equivalised household income, 4. Co represents the contribution to the concentration index of HRQoL, 5.
The contribution is calculated as a percentage by determining the proportion of the contribution to the actual concentration index. The sum of all Co represents the

explained portion of the CI of HRQoL in a given wave.
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Fig. 2. Broad category factors’ contribution in CI by wave.

impairment. Utilising validated methodologies enables the direct com-
parison of the results with earlier studies.

The study is not without limitations. First, one noteworthy limitation
of this research was the methodologies employed to obtain data on
HRQoL. Due to the self-reported nature of HRQoL, social desirability
bias may have contributed to an elevation of HRQoL scores. Second, a
distinct consensus regarding the thresholds for scoring for the SDMT and
BDS scales to delineate cognitive impairment is lacking. Consequently,

these metrics lack diagnostic value for cognitive impairment and might
not comprehensively represent the entire range of clinically significant
cognitive impairment. Third, due to unavailability of data, the study
could not incorporate two important confounders - chronic conditions
and pharmacological treatment, which may result in systematic bias,
such as unmeasured confounders. Fourth, the observational design of
this study precludes the establishment of definitive causal relationships
between cognitive impairment and HRQoL. It is possible that lower
HRQoL could contribute to the development of cognitive impairment, or
that both factors might share a common underlying cause. Fifth, while
the BDS and SDMT offer valuable insights into core cognitive processes,
they may not fully capture the specific cognitive profile of MCI or de-
mentia, which often entails memory deficits. This limitation may have
resulted in an underestimation of the prevalence of mild and severe
cognitive impairment in this sample, as some people with lower cogni-
tive abilities on specific tests may not have met the predetermined scores
utilised in this study. The use of memory-oriented tests, such as Montreal
Cognitive Assessment (MoCA) (Nasreddine et al., 2005), Mini-Mental
Status Examination (MMSE) (Folstein et al., 1985), or Saint Louis Uni-
versity Mental Status (SLUMS) examination (Morley and Tumosa,
2002), could have provided a more targeted approach and thus facili-
tated comparisons with the existing literature. Additionally, this could
also reinforce the possibility of reverse causation, whereby pre-existing
memory decline could influence working memory and processing speed.
Finally, it is crucial to acknowledge that the constraints of the dataset
necessitated that the study concentrate on neurodegenerative cognitive
impairment. This limits the generalisability of the study’s findings to
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other forms of cognitive impairment, including lifelong learning dis-
abilities. Neurodegenerative cognitive impairment typically progresses
over time, potentially explaining the observed associations with HRQoL.
Lifelong learning disabilities are generally stable and may not have the
same effect on the specific cognitive functions that this study measured.
Although the study’s focus on the progressive decline is enhanced by
their exclusion, future research utilising datasets that enable the dif-
ferentiation between neurodegenerative and other forms of cognitive
impairment could offer a more nuanced understanding.

5. Implications for policy and practice

The National Disability Insurance Scheme (NDIS) in Australia is
structured to provide funding directly to eligible people, allowing them
to purchase the services they require (NSW Health, 2018). Cognitive
impairment is recognized as a disability under this scheme. Prior
research has demonstrated that challenges in accessing and navigating
disability support services are prevalent in Australia and often arise
because of socioeconomic and clinical issues (Warr et al., 2017). Recent
policy analysis emphasized promoting equity for people living with
disabilities in Australia (Olney and Dickinson, 2019). Our results high-
light the importance of government policy to focus on supporting these
vulnerable populations, especially people with cognitive impairment
from low SES groups, given the large contribution to inequality these
factors create. The findings also suggest older Australians from disad-
vantaged SES groups, people who have been unemployed or not
included in the labour force, are at risk of much lower HRQolL as a result
of cognitive impairment. Government social assistance, such as cash
transfers, may be provided to these individuals. Understanding the effect
size of a proposed policy or intervention is crucial for making informed
decisions. By carefully measuring the magnitude of impact, policy-
makers can enhance the likelihood of successful and effective in-
terventions (Matthay, 2020). Research findings with large effect sizes
are likely to have practical implications, whereas those with minimal
effect sizes may have limited real-world applications (Bhandari, 2023).
This study used generic preference-based HRQoL measures which are
generally less sensitive to detecting improvements in health-related
quality of life compared to disease-specific measures (Halme et al.,
2015). However, they are still valuable for estimating the overall impact
of interventions on quality-adjusted life years, which is essential for
cost-effectiveness analysis (Halme et al., 2015).

6. Conclusion

The present study adds cognitive impairment as a variable in the
investigation of socioeconomic inequality in HRQoL. Our results showed
that disparities in socioeconomic inequality exist for older people in
Australia. To identify the contribution of cognitive impairment to this
inequality, we fit OLS regression to check the association between
cognitive impairment and HRQoL. The result showed that both mild and
severe cognitive impairment were negatively associated with HRQoL.
Furthermore, mild and severe cognitive impairment was identified as a
contributing factor to pro-rich socioeconomic inequality in HRQoL. In
this study, the cognitive impairment status that contributed the most to
the overall pro-rich distribution was mild cognitive impairment. When
compared with people in the higher socioeconomic strata, people with
mild cognitive impairment who are in the lower SES are more suscep-
tible to inequalities in HRQoL. The results also indicated that socio-
economic variables play a role in driving this inequality, with labour
force participation being a significant contributor to the overall
inequality. The results have important ramifications for the formulation
of future policy, emphasising the need to include cognitive status to
construct fair and inclusive policies.

Cognitive decline-induced socioeconomic disparities can be miti-
gated through the implementation of targeted welfare initiatives,
including financial aid, psychological counselling, and the seniors
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connected program (Department of Social Services, 2023), which aim to
alleviate social isolation and loneliness that older Australian’s may
experience. In welfare states such as Australia, short-term welfare tar-
geting for groups of low-income people with cognitive impairment will
enhance HRQoL and reduce the strain on the healthcare system. An
assessment of the efficacy of these programs can be conducted by
monitoring HRQoL inequality and conducting comparative analyses
with other developed countries. Consequently, insights gained from this
research can enhance understanding regarding the contribution of
cognitive impairment on socio-economic inequality in HRQoL in other
developed countries. To design strategies to address cognitive
impairment-related disparities in HRQoL, further research is required.
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6.2 Links and implications

Health disparities between socio-economic strata have persisted or even worsened globally
despite advancements in healthcare, underscoring the critical need to address these inequities.
Cognitive impairment, as this study highlights, exacerbates SES-based inequalities in HRQoL,
making it imperative to integrate cognitive health into strategies aimed at reducing health
disparities. The findings of this study are significant for public health planning and policy,
offering valuable insights into the interplay among SES, cognitive impairment, and HRQoL.
By understanding these dynamics, policymakers and practitioners can design equitable health
interventions that specifically target vulnerable populations, ultimately improving HRQoL and
promoting health equity among older Australians. The subsequent study identifies the

association between cognitive impairment and health outcomes.

Note: Appendix D provides online supplementary material and associated appendix tables, as

referenced in this chapter.
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CHAPTER 7: PAPER 5 - COGNITIVE IMPAIRMENT AND
SELF-REPORTED HEALTH OUTCOMES AMONG OLDER
ADULTS: LONGITUDINAL EVIDENCE FROM AUSTRALIA

7.1 Introduction

This chapter presents the fifth study of this thesis, which examines the association between
cognitive impairment and health outcomes among older Australians. Despite growing concerns
over cognitive decline, there is a significant gap in comprehensive Australian research on how
cognitive impairment relates to various health outcomes. This study is among the first in
Australia to investigate these associations in detail. The findings hold important implications
for the development of targeted interventions aimed at promoting independence and healthy
ageing for older Australians. As Australia’s ageing population continues to grow, the
management of cognitive impairment presents both challenges and opportunities. Effective
intervention strategies could not only improve individual quality of life but also significantly
alleviate pressure on the healthcare system and contribute to the national economy. Moreover,
early detection and management of cognitive impairment can lead to better outcomes, with the
potential to reverse MCI in some cases. Thus, this research is a critical step towards addressing

the needs of an ageing population and improving the health and well-being of older Australians.
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Background: Australia’s population is ageing, with forecasts indicating that individuals aged 65 years and over
will account for >20 % of the total population by 2066. Ageing is strongly linked with a significant decrease in
cognitive capabilities. This study aimed to explore the association between cognitive impairment and four types
of health outcomes among older Australians.

Methods: Data used for this study was collected from the Household, Income and Labour Dynamics in Australia
(HILDA) Survey. The final analysis consisted of 11,146 person-year observations from 7035 unique individuals
from Wave 2012 and Wave 2016, respectively. A longitudinal random-effects generalised least squares, and
ordered logistic regression were used to analyse the association between cognitive impairment and health
outcomes.

Results: The study results suggest that cognitive impairment was negatively associated with general health,
mental health, self-assessed health and health satisfaction. Older Australians with cognitive impairment scored
lower on general health (§ = —2.82, SE = 0.56), mental health (p = —2.93, SE = 0.53), self-assessed health (p =
— 0.75, SE = 0.10), and health satisfaction (p = —0.19, SE = 0.09) compared to the counterparts without
cognitive impairment. The heterogeneous results also showed cognitive impairment was associated with poor
health outcomes across age groups.

Conclusion: This study found evidence that cognitive impairment is associated with poor health outcomes. To
enhance the physical and mental health and well-being of older adults, the community, government and non-
government organizations, and other stakeholders should prioritize routine healthcare prevention, targeted in-
terventions, and treatment practices, particularly for individuals with or at risk of cognitive impairment.

1. Introduction

The global population’s demographic composition is transitioning
towards an older age profile due to advancements in life expectancy
(Ataollahi Eshkoor et al., 2015). With increasing life expectancy, the
quality of life of older individuals has become an important societal
concern. Cognitive impairment, which significantly affects the quality of
life due to diminishing capabilities and skills, is a key factor in this context
(Comijs et al., 2005). As individuals age, they are more likely to experi-
ence cognitive decline in areas such as thinking, memory, and concen-
tration, reflecting the physiological changes that occur in the brain and

body (Pais, Ruano, Moreira, et al., 2020). Declines in cognitive skills such
as memory, attention, orientation, language, and executive function may
adversely affect many dimensions of a person’s life (Pan et al., 2015). For
example, diminished verbal abilities can result in communication chal-
lenges, limiting an individual’s capacity to sustain social roles at preferred
levels (Kicly, 2014). Moreover, attention impairments may lead to
physical limitations, self-reported disabilities (Ble et al., 2005), and dif-
ficulties in performing daily activities such as eating, bathing, and
maintaining personal hygiene (Bronnick, 2006). Additionally, deficits in
attention, memory, and executive function may contribute to the mech-
anisms underlying chronic pain (Attal et al., 2014).
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A potential challenge in addressing memory concerns and cognitive
impairment in healthcare and related research is accurate identification
and measurement of these conditions (Molinuevo et al., 2017). Cogni-
tive impairment differs from normal ageing in the extent of its impact on
everyday functioning. While normal ageing involves mild, gradual
changes like occasional forgetfulness and slower processing speed,
cognitive impairment includes more noticeable and persistent issues,
such as frequent memory lapses, poor judgment, and difficulties with
language and daily tasks (Grundman, 2004). People with cognitive
impairment do show a clear decline in cognition based on objective
assessments. However, this cognitive decline is not severe enough to
interfere with daily activities or meet the diagnostic criteria for de-
mentia (Gauthier et al., 2006). Cognitive impairment represents an
intermediary stage, falling between the typical cognitive decline asso-
ciated with ageing and the more pronounced decline characteristic of
dementia (Reisberg et al., 2008; Wang et al., 2014). The risk of devel-
oping dementia is markedly higher for individuals with mild cognitive
impairment compared to the general population (Petersen et al., 2014),
with an annual progression rate estimated between 10 % to 15 % (Farias
etal., 2009; Xue et al., 2017). Cognitive impairment, encompassing mild
impairment to dementia (severe cognitive impairment), is commonly
associated with ageing (Keramat et al., 2023). The age at which the risk
of cognitive decline associated with ageing begins to affect cognitive
capacities is a topic of ongoing debate (Finch, 2009; Nilsson et al., 2009;
Salthouse, 2009). Nevertheless, longitudinal data has demonstrated that
cognitive decline is observable across all age groups ranging from 45 to
70 years, with a more rapid decrease observed in the oldest age cohort,
those aged 70 years and above (Singh-Manoux et al., 2012). The global
rate of incidence of cognitive impairment among adults aged over 50
years varies significantly, ranging from 5.1 % to a staggering 41 %, with
a median prevalence of 19.0 % (Pais, Ruano, & P. Carvalho O, Barros H.,
2020). Estimates show that among older Australians (65 years and over),
the rate of cognitive impairment varies substantially, ranging from 7.7
% to 33.3 % in various settings (Anderson et al., 2007; Low et al., 2004).
The global prevalence of severe cognitive impairment is projected to
reach 82 million by 2030 and increase further to 152 million by 2050
(WHO, 2017; WHO, 2019). Given the significant public health burden of
cognitive impairment, comprehensive health assessments are crucial for
early identification and intervention. These assessments should ideally
include a range of measures, such as cognitive function tests (e.g.,
memory tests, neuropsychological assessments) in addition to self-
reported health outcomes (National Institute on Aging, 2020). Self-
reported health outcomes are important because they provide insights
into an individual’s perceived well-being, quality of life, and functional
status, which are not always captured by objective tests (Jylhd, 2011).
They also reflect the subjective experience of health, including symp-
toms and the impact of cognitive impairment on daily life, enabling a
more holistic understanding of an individual's condition (National
Institute on Aging., 2020). Early detection allows for timely in-
terventions, including lifestyle modifications, cognitive training, and
pharmacological therapies, which may help to slow cognitive decline
and improve quality of life (National Institute on Aging., 2021).

Self-assessed health outcome is a frequently employed metric for
evaluating overall health that captures individuals’ subjective assess-
ment of their own health at a given point of time. Assessing the health
status is essential for determining variations within and across groups,
monitoring changes over time, and evaluating the effectiveness of health
interventions (Sibthorpe et al., 2001). Evidence suggests that self-
reported health is an independent and valid indicator of health, even
for those in the early stages of dementia or mild cognitive impairment
(Wallker et al., 2004). Prior studies have measured self-reported health
outcomes using measures such as general health (Dwyer-Lindgren et al.,
2017; Lee, 1978), mental health (Lee, 1978), self-assessed health (Hu
et al., 1978) and health satisfaction (Paul et al., 2016).

Cognitive impairment is associated with a multitude of adverse
health outcomes, encompassing an elevated mortality risk, an increased
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likelihood of developing dementia, heightened rates of disability and
hospitalization, as well as deterioration in overall health-related quality
of life (Chen et al., 2022; Keramat et al., 2023; Pike et al., 2022). Prior
studies found that cognitive impairment is associated with the deterio-
ration in physical performance, such as activities of daily living and
instrumental activities of daily living (Atkinson et al., 2007; Tabbarah
et al., 2002; Wang et al., 2002). Moreover, cognitive impairment is a
major risk factor for depression, anxiety, and other mental health con-
ditions (Yates et al., 2013). Furthermore, a recent study found that in-
dividuals with cognitive disorders, such as autism, attention deficit, and
memory loss, exhibit lower levels of satisfaction with their health status
compared to the general population (Stone et al., 2023).

Understanding the link between cognitive impairment and health
outcomes holds significance because of its far-reaching implications.
This will help healthcare providers accurately predict and manage the
needs of affected individuals, potentially delaying the progression of the
condition and improving overall health and well-being. There is evi-
dence that approximately 40 % of individuals with cognitive impair-
ment had medical practitioners who were unaware of their condition
(Chodosh et al., 2004). Failing to assess cognitive or memory problems
can impede the treatment of underlying diseases and co-occurring dis-
orders, and it can pose a risk to the patient and others (Bradford et al.,
2009). Additionally, cognitive impairment is often associated with a
greater likelihood of experiencing other health concerns, such as car-
diovascular diseases (Leng et al., 2018) and mental health disorders
(Mirza et al., 2017), making early detection and intervention essential
for preventing further complications. Cognitive impairment may also
have a substantial influence on an individual’s capacity to manage their
own health effectively. Challenges related to adhering to medicine,
following treatment plans, and comprehending medical information can
all be worsened by cognitive decline (Smith et al., 2017). Furthermore,
patients with cognitive impairment are at increased risk for adverse
hospital experiences, including but not limited to confusion, distress,
and trouble following directions or interacting with healthcare workers
(Australian Commission on Safety and Quality in Health Care, 2019).
Therefore, investigating the relationship between cognitive decline and
health outcomes will allow healthcare practitioners to develop
improved communication and support systems. This, in turn, can
improve health outcomes for individuals with cognitive impairment.

The findings of this study will play a crucial role in guiding the
development of evidence-based interventions to promote independence
and healthy ageing. The growing population of older Australians has
significant benefits and opportunities for Australia as it steadily expands
to provide a substantial and expanding consumer base for a broad
spectrum of healthcare products and services. For instance, an increase
of 5 % in the employment rate of Australians aged 55 and over would
result in a significant increase of $48 billion in national income annually
(Deloitte Access Economics., 2012). Though cognitive impairment is
more likely to progress to dementia, it can sometimes revert to normal or
not advance further. There is evidence that as many as 44 % of in-
dividuals who initially exhibit mild cognitive impairment are expected
to be back to their normal cognitive functioning within one year (Wada-
Isoe et al., 2012). Therefore, early detection of cognitive impairment can
enable more effective management, improved quality of life, and plan-
ning for the future, even if complete reversal of normal ageing may not
be possible in all cases.

There is a lack of comprehensive Australian research that investi-
gating the relationship between cognitive impairment and various
health outcomes. A prior study revealed that older adults with cognitive
decline face a higher risk of encountering various negative outcomes
during hospital stays (Fogg et al., 2018). Another study revealed that
individuals with cognitive impairment experienced a lower health-
related quality of life (Keramat et al., 2023). To the best of our knowl-
edge, no previous Australian study has explored the association between
cognitive impairment and a wide array of health outcomes using na-
tionally representative longitudinal data. Therefore, the purpose of this
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research is to investigate the following hypotheses: (1) Cognitive
impairment is negatively associated with the general health of older
Australians. (2) Cognitive impairment is associated with a decline in
self-reported mental health among older Australians. (3) Older adults
with cognitive impairment are more likely to report lower levels of self-
assessed health. (4) Cognitive impairment is negatively associated with
self-reported health satisfaction.

2. Methods
2.1. Data source

This research utilizes data collected from the Household, Income and
Labour Dynamics in Australia (HILDA) Survey, initiated in 2001. The
HILDA dataset encompasses a broad spectrum of variables, including
wealth, labour market experiences, household dynamics, fertility, health
status, and educational attainment. Choosing the initial sample involved
a multistage sampling procedure. Initially, 488 Census Collection Dis-
tricts (CDs) were selected by a probability proportional to size sampling
technique. Every district has a range of 200 to 250 dwellings. Further-
more, a random selection of 22-34 houses was made from each CDs.
Ultimately, a total of 12,252 households were selected, with a maximum
of three homes picked from each residence. Commencing in 2001, the
annual data collection for the HILDA Survey has included a represen-
tative sample of individuals aged 15 years and over residing in house-
holds. Data collection was carried out by trained interviewers through
face-to-face and telephone interviews. In this case, a self-administered
questionnaire was utilized, adhering to the ethical principles estab-
lished by the University of Melbourne. As time progressed, the sample
size increased. The household includes all children born or adopted by
the participants, and anyone new who joins the household because the
original families changed. Therefore, the survey encompasses an annual
average of approximately 17,000 individuals residing in Australia. The
sampling technique, research design, and data-collecting procedures for

Total HILDA sample in two waves
(wave 12 and wave 16)
Aged 50 years and over

Persons= 7,852
Observations= 13,124

v

Reported data on health outcome
(physical health, mental health, self-

Acta Psychologica 253 (2025) 104770

the waves have been thoroughly examined elsewhere (Wooden et al.,
2002).

2.2. Study participants

To focus on cognitive impairment, we restricted our analysis to data
from the HILDA Survey waves 12 (2012) and 16 (2016), as these were
the only waves with relevant questions. Wave 16 was utilized as the
follow-up survey, while wave 12 was considered as the baseline. The
analytic samples were restricted to older adults residing in Australia,
defined as individuals aged 50 years or older. The study omitted par-
ticipants who did not provide comprehensive information regarding the
exposure factors (cognitive impairment test scores) and the outcome
variables (general health, mental health, self-assessed health, and health
satisfaction). The final analytic sample comprises 11,146 person-year
observations from 7035 unique individuals. Fig. 1 provides a detailed
dissection of any missing data and outlines the criteria that were
employed to exclude specific observations.

2.3. Outcome variables

We utilized four distinct variables to measure health outcomes. We
measured health outcomes through general health, mental health, self-
assessed health, and health satisfaction. This study used the SF-36
Health Survey to measure general and mental health. General health
score is generated using 10 questions from the SF-36 health survey. The
data encompass participants’ self-perceptions of their overall health,
emotional state, and level of independence in carrying out daily activ-
ities. The raw scores were transformed into a scale of 0 to 100, where a
higher number signifies a better level of general health. Mental health
score is derived using five specific questions from the SF-36 health
survey. These questions assess the degree to which mental health issues
impact everyday tasks on an emotional level. The mental health index is
derived using the same methodology as the general health index and

Excluded (Due to missing observations)

assessed health, and health satisfaction)
Persons= 7,763
Observations= 12,804

A4

Reported data on cognitive impairment

Persons= 89
Observations= 320

Excluded (Due to missing observations)

v

Persons= 7,035
Observations= 11,146

A4

Final analytic sample
Persons= 7,035
Observations= 11,146

Persons= 728
Observations= 1,658

Fig. 1. Participants flow into the analytic sample and missing data.
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ranges from 0 to 100, with higher scores indicating better mental health.
The study used self-assessed health as the third measure to evaluate
health outcomes. This was determined by asking participants the ques-
tion: “In general, would you say your health is?” In the HILDA Survey,
participants’ responses were recorded on a scale ranging from “1 =
Excellent” to “5 = Poor”. The final index used to assess health outcomes
was health satisfaction, which was determined by answering the ques-
tion: “All things considered, how satisfied are you with your health?”
Participants rated their health satisfaction on a scale from 0 to 10, with
higher scores indicating greater satisfaction.

2.4. Exposure variable

The HILDA Survey evaluates the cognitive capabilities of partici-
pants by using validated measures of cognitive function. These tests are
simply integrated into the HILDA’s in-person survey questionnaires. The
survey measured cognitive function of an individual using the Symbol
Digit Modalities Test (SDMT) and the Backward Digit Span Test (BDS).
While the BDS and SDMT provide valuable information about core
cognitive functions, they may not comprehensively assess the cognitive
profile of individuals, particularly for determining cognitive impairment
without specific cutoff scores. More comprehensive neuropsychological
assessments, such as the Montreal Cognitive Assessment (MoCA)
(Nasreddine et al.,, 2005), Mini-Mental Status Examination (MMSE)
(Folstein et al., 1985), or Saint Louis University Mental Status (SLUMS)
examination (Morley & Tumosa, 2002) offer a more nuanced and reli-
able assessment of cognitive function. However, due to the unavail-
ability of such tests scores in the HILDA Survey, we relied on the BDS
and SDMT to assess a person’s cognitive health. The tests have previ-
ously been used to detect cognitive impairment in individuals diagnosed
with multiple sclerosis (Parmenter et al., 2007; Van Schependom et al.,
2014) and those who are currently hospitalized (Leung et al., 2011). The
BDS cognitive evaluation exam requires individuals to recite a sequence
of numbers in the opposite order (Lamar et al., 2007). The BDS evaluates
the cognitive capacity of working memory on a scale of 0 to 8. The SDMT
is a cognitive assessment tool that measures processing speed and
attention. During the SDMT, participants are instructed to match a list of
numbers with corresponding geometric shapes as quickly and accurately
as possible (Smith, 1973). The SDMT evaluates the cognitive function of
the central brain and provides scores that range from 0 to 110.

The threshold for cognitive impairment in this study was determined
based on established criteria from previous literature. Specifically,
earlier studies have classified cognitive impairment using the following
thresholds: individuals scoring >1.0 standard deviation (SD) below the
mean on either the BDS or SDMT (or both) tests were categorised as
having mild cognitive impairment, while those scoring >1.5 SD below
the mean on both tests were classified as having severe cognitive
impairment (Aschwanden et al., 2020; Haque et al., 2024a; Keramat
et al., 2023). In this study, we combined the categories of mild and se-
vere cognitive impairment and focused on cognitive impairment as a
single construct. Accordingly, we defined cognitive impairment as
scoring >1 SD below the mean on both the BDS and SDMT. This
approach reflects an empirical threshold used in prior research while
ensuring alignment with the study’s objectives. Based on this criterion,
individuals were classified as cognitively impaired if they scored <3 on
the BDS and < 30 on the SDMT.

2.5. Control variables

We included a range of individual-level socio-demographic factors,
health-related behaviors, and health characteristics as covariates. The
socio-demographic characteristics included age (50-64 years, and > 65
years), gender (male, and female), marital status (unpartnered and
partnered), highest level of education (year 12 and below, professional
qualifications, and university qualifications), annual household dispos-
able income (Quintile 1 [poorest], and Quintile 5 [richest]),

Acta Psychologica 253 (2025) 104770

participation in the labour force (employed, and unemployed or not in
the labour force), Indigenous origin (not of Indigenous origin, and
Aboriginal or Torres Strait Islander or both), geographic residency
(major city, and regional city or remote area). In addition, three
behavioural characteristics that can impact health outcomes were
included: smoking habits (non-smoker, and currently smoking), alcohol
drinker (non-drinker, and current drinker), and physical activity (less
than the recommended level, and recommended level). Furthermore,
Body Mass Index (underweight, healthy weight, overweight, and obese)
and disability status (no versus yes), were considered as the proxy of
participants’ health status.

2.6. Estimation strategy

An unbalanced longitudinal data set was constructed, comprising of
11,146 person-year observations from 7035 distinct individuals. The
descriptive statistics for continuous variables were presented in the
subsequent statistical analysis as means and standard deviations (SD),
while frequencies and percentages were utilized for categorical vari-
ables. Four distinct regression models were constructed to investigate
the associations between cognitive impairment and health outcomes.

The first two outcome variables, general health and mental health,
were measured on a continuous scale. Therefore, we applied a longitu-
dinal random-effects GLS regression model to analyse the association
between cognitive impairment and general health and mental health.
This model is employed to assess the effects of time-varying variables
when analysing longitudinal data (e.g., cognitive impairment) and fixed
individual characteristics (e.g., gender). This model offers an approxi-
mation of the between-person differences in the effects. Furthermore,
this model assumes random variability among individuals, which is not
influenced by model covariates.

The random-effects GLS regression can be expressed in the following
functional form:

HOy = o+ f Clig + B Zir + p; + €1 1)

HO denotes the two different types of health outcome variables
which were continuous variables in nature: general health, and mental
health. CI is exposure variable cognitive impairment. Z, represents the
vector consisting of time-varying and time-invariant control variables.
The model parameter of interest to be estimated is denoted as /4, , and j,
indicates the vector of coefficient while « is the model’s grand intercept.
The analysis considers two parts of the error: individual-specific com-
ponents, p, which stays the same over time, and time and person-specific
error, €, which is assumed to be uncorrelated with the independent
variables.

The third and fourth outcome variables were self-assessed health and
health satisfaction, respectively. These variables were measured on an
ordinal scale. Self-assessed health is categorised from “1 = Poor” to “5 =
Excellent”, while health satisfaction is categorised from 0 to 10, where a
higher value indicates a better level of satisfaction with their health.
Hence, we applied the random-effects ordered logistic regression model
to analyse the association between cognitive impairment and, self-
assessed health, and health satisfaction.

The random-effects ordered logistic regression can be expressed in
the following functional form:

Y, = p+X, Bteq

=P X Pt @+ veni=1,2,....... N;t =12,16 @

Where the distribution of @; and v;, are assumed respectively to be a;~i.i.
d [0, 62] and v;—~ i.i.d [0,1]. X, is a vector of observable time-invariant
and time-varying factors including cognitive impairment, socio-
demographic characteristics and other control variables. p is the non-
random intercept,  is the vector of coefficients and ¢;, is the error term.

Statistical significance was determined using a p-value threshold of
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0.05. Lower p-values (<0.01 and < 0.001) were reported to indicate
stronger evidence of significance. Stata version 17.0 (StataCorp LLC,
College Station, TX: USA) was employed for all statistical analyses.

3. Results

Table 1 provides an overview of the study sample. The mean scores
for general health and mental health in the pooled data were 63.72 and
76.18 on a scale of 100, respectively. The mean self-assessed health
score was 3.12 on a scale of 1 to 5, whereas the mean health satisfaction
score was 6,96 on a scale of 0 to 10. The results also showed that 11.79 %
were cognitively impaired. Furthermore, approximately over two-fifths
(42.24 %) were aged 65 or older, more than half (53.20 %) were female,
nearly two-thirds (64.35 %) were partnered, nearly a quarter (23.50 %)
had a university degree, over half (53.37 %) were either unemployed or
not in the labour force, the majority (98.08 %) were not of Indigenous
origin, and roughly two-thirds (63.74 %) resided in major cities. Table 1
additionally presents the following information regarding the pooled
sample: 87.45 % were non-smokers, 81.04 % were current drinkers,
67.47 % does not perform the recommended level of physical activity,
28.67 % were obese, and 42.31 % had a disability (pooled data).

Fig. 2 depicts the mean scores for general health, mental health, self-
assessed health, and health satisfaction throughout the study periods.
The result indicates a minor variation in the mean general health score,
decreasing from 63.89 in 2012 to 63.57 in 2016. The average mental
health score of older Australians fell from 76.46 in 2012 to 75.93 in
2016. Furthermore, the mean health satisfaction score of participants
declined slightly from 6.97 to 6.96 in 2012 and 2016, respectively.
However, the mean self-assessed health score rose marginally from 3.12
(2012) to 3.13 (2016) during the study period.

Fig. 3 illustrates the rate of older Australians with cognitive
impairment in the study sample from 2012 to 2016. The figure shows
that the percentage of older Australians with cognitive impairment
declined from 13.10 % in 2012 to 10.60 % in 2016.

Fig. 4 depicts the mean health outcomes—general health, mental
health, self-assessed health, and health satisfaction—stratified by
cognitive impairment status among older Australians from 2012 to
2016. The figure illustrates that older Australians with cognitive
impairment scored lower across all four health outcomes—general
health, mental health, self-assessed health, and health sat-
isfaction—compared to those without cognitive impairment. For
instance, in Wave 16, the mean scores for general health, mental health,
self-assessed health, and health satisfaction were 64.76, 76.49, 3.19, and
7.03, respectively, among individuals without cognitive impairment,
compared to 53.46, 71.14, 2.62, and 6.34 among older adults with
cognitive impairment.

Table 2 shows the regression results obtained from the random-
effects GLS and random-effects ordered logistic regressions that explic-
itly showed the relationships between cognitive impairment and
different facets of health outcomes. The results showed that participants
with cognitive impairment had significantly lower health outcomes
(general health, mental health, self-assessed health and health satisfac-
tion) compared to those without cognitive impairment in all four
regression models (models 1-4). In the case of general and mental
health, participants with cognitive impairment exhibited a decrease of
—2.82 points (p = —2.82, SE = 0.56) (model 1) and — 2.93 points (f =
—2.93, SE = 0.53) (model 2) compared to those without cognitive
impairment. The results from models 3 and 4 showed that participants
with cognitive impairment had significantly lower self-assessed health
(p = — 0.75, SE = 0.10), and health satisfaction (p = —0.19, SE = 0.09),
respectively, compared to those without cognitive impairment. In
addition to cognitive impairment, several other socioceconomic, lifestyle,
and demographic variables were found statistically significant. For
instance, individuals from the poorest household disposable income
(quintile 1), unemployed or not in the labour force, smokers, obese, or
those with disability had lower general health, mental health, self-
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Table 1
Distribution of the analytic sample (outcome, and exposure variable: Baseline,
Final, and Pooled across all waves (Persons = 7035, Observations = 11,146).

Baseline Wave Final Wave Pooled in all
(2012) (2016) Waves
(2012-2016)
Characteristics n mean/ n mean/ n mean,/
% % %
Qutcome variables
(Self-reported
health)
General health 5410 63.89 5736  63.57 11,146  63.72
Mental health 5410 76.46 5736 75.93 11,146 76.18
Self-assessed health 5410 3.12 5736 3.13 11,146 312
Health satisfaction 5410 6.97 5736 6.96 11,146 6.96
Exposure variable
BDS 5410 4.77 5736 4.84 11,146 4.81
SDM 5410 41.68 5736 42.84 11,146 42.27
Cognitive impairment
No 4703 86.90 5129 89.40 9832 88.21
Yes 707 13.10 607 10.60 1314 11.79
Covariates
Age
50-64 years 3133 57.91 3305 57.62 6438 57.76
65 years and over 2277  42.09 2431 4238 4708 42.24
Sex
Male 2518 46.54 2698 47.04 5216 46.80
Female 2892  53.46 3038  52.96 5930 53.20
Marital status
Unpartnered 1921 35.51 2052 35.77 3973 35.65
partnered 3489 6449 3684 64.23 7173 64.35
Highest level of
education
Year 12 and below 2407 44.49 2340 40.79 4747 42.59
Professional 1782 32.94 1998  34.83 3780 3391
qualifications
University 1221 22.57 1398 24.37 2619 23.50
qualifications
Annual household
disposable income
Quintile 1 (poorest) 1082 20.00 1148 20.00 2230 20.01
Quintile 2 1082 20.00 1147 20.00 2229 20.00
Quintile 3 1083  20.02 1147 20.00 2230 20.01
Quintile 4 1082  20.00 1147 20.00 2228 19.99
Quintile 5 (richest) 1081 19.98 1147 20.00 2229 20.00

Participation in
labour force
Employed 2504  46.28 2693  46.95 5197 46.63
Unemployed or not in 2906  53.72 3043  53.05 5949 53.37
the labour force

Indigenous origin

Not of Indigenous origin 5310 98.15 5622 98.01 10,932 98.08
Aboriginal or Torres 100 1.85 114 1.99 214 1.92
Strait Islander or
both
Geographic residency
Major city 3476 64.25 3628 63.25 7104 63.74
Regional city/remote 1934  35.75 2108  36.75 4042 36.26

area

(continued on next page)
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Table 1 (continued)

Baseline Wave Final Wave Pooled in all
(2012) (2016) Waves
(2012-2016)
Characteristics n mean/ n mean/ n mean/
% % %
Smoking habits
Non-smoker 4728  87.39 5019  87.50 9747 87.45
Currently smoking 682 12.61 717 12.50 1399 12,55
Alcohol drinking
Non-drinker 1019 18.84 1094  19.07 2113 18.96
Active drinker 4391  8l.16 4642 80.93 9033 81.04
Physical activity
Less than the 3634 67.17 3886 67.75 7520 67.47
recommended level
Recommended level 1776  32.83 1850  32.25 3626 32,53
Body Mass Index
(BMI)
Underweight 79 1.46 74 1.29 153 1.37
Healthy weight 1784 32.98 1802 31.42 3586 3217
Overweight 2074 38.34 2137 37.26 4211 37.78
Obesity 1473 27.23 1723 30.04 3196 28.67
Disability status
No 3069 56.73 3361 58.59 6430 57.69
Yes 2341 4327 2375 4141 4716 42.31

assessed health, and health satisfaction.

Table 3 presents the average marginal effects of self-assessed health
and health satisfaction associated with cognitive impairment, based on
the regression results from Models 3 and 4 in Table 2. It is observed that
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the average marginal effects were positive for the lower categories but
negative for the higher categories. The findings indicate that individuals
with cognitive impairment were 5.79 percentage points and 2.04 per-
centage points less likely to fall into the fourth and fifth categories of
self-assessed health, respectively, compared to those without cognitive
impairment. Similarly, the likelihood of individuals with cognitive
impairment experiencing health satisfaction in the eighth, ninth, and
tenth categories is reduced by 0.88, 1.11, and 0.59 percentage points,
respectively, compared to those without cognitive impairment.

3.1. Robustness check

Table 4 shows the sensitivity analysis, which evaluates the robust-
ness of the pooled findings (Models 1, 2, 3, and 4). The models initially
reported in Table 2 were reassessed using the generalised estimating
equation (GEE) approach and the random-effects generalised least
squares (GLS) technique. The findings of the sensitivity analysis closely
matched the baseline values for all the factors of interest. For example,
the results from models 1, 2, 3 and 4 in Table 4 showed that participants
with cognitive impairment had significantly lower general health (f = —
3.55, SE = 0.56), mental health (f = — 3.89, SE = —7.74), self-assessed
health (f = — 0.19, SE = 0.02), and health satisfaction (f = — 0.14, SE =
0.06), respectively, compared to those without cognitive impairment.

3.2. Heterogenous effects

Tables 5, 6, 7, and 8 showed the results of adjusted random-effects
GLS and ordered logistic regression models designed to investigate if
the results obtained on the relationship between cognitive impairment
and various health outcomes (general health, mental health, self-
assessed health, and health satisfaction) vary by age and gender.
Across both age groups (50-64 years and 65 years and over), individuals
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Fig. 2. Distribution of four types of health outcomes (general health, mental health, self-assessed health, and health satisfaction) in older Australians, 2012-2016.
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Fig. 4. Mean health outcomes (general health, mental health, self-assessed health, and health satisfaction) by status of cognitive impairment.

with cognitive impairment reported poorer mental health (Table 6), self- regression results. For example, Model 2 of Tables 6, 7, and 8 demon-

assessed health (Table 7) and health satisfaction (Table 8) compared to strate that participants aged 65 years and older with cognitive impair-

those without cognitive impairment which is in line with the main ment had significantly lower scores in mental health (p = —3.92, SE =
7
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Table 2

The relationship between cognitive impairment and four different types of
health outcomes (general health, mental health, self-assessed health, and health
satisfaction).

Variables Model 1 Model 2 Model 3 Model 4
Random- Random- Random- Random-
effects GLS effects GLS effects effects

Ordered Ordered
logistic logistic
regression regression
General Mental Self-assessed Health
health health health satisfaction
p (SE) p (SE) p (SE) p (SE)
Exposure
variable
Cognitive
impairment

No (ref)

Yes —2.82%%* —2.93%%% —0.75%** —0.19* [0.09]
[0.56] [0.531] [0.101

Covariates

Age

50-64 years (ref)

65 years and over 1.97%%* 5.15%** 0.15* [0.08] 0.86%**
[0.42] [0.39] [0.07]

Sex

Male (ref)

Female 2.90%** —0.60 0.35%%* 0.24%%*
[0.42] [0.38] [0.07] [0.06]

Marital status

Unpartnered (ref)

partnered 0.80* [0.41] 1.81%%* 0.13 [0.07]

[0.38]

Highest level of

education

Year 12 and
below (ref)

Professional 1.03%[0.48]  0.23 0.22%% [0.08]  —0.03 [0.07]
qualifications [0.44]

University 0.55 [0.55] 0.43 0.58%#* —0.12 [0.08]
qualifications [0.48] [0.10]

Annual
household
disposable
income

Quintile 1 — 2747 —2.36%"* —0.61"** —0.45%**
(poorest) [0.57] [0.53] [0.10] [0.09]

Quintile 2 _3.06%%* _1.49%% _0.55%%* _0.45%%*

[0.52] [0.48] [0.10] [0.08]

Quintile 3 —1.82%* —0.89* —0.29%** —0.20%*

[0.48] [0.44] [0.09] [0.08]
Quintile 4 -0.77 -0.08 —-0.20" —0.14" [0.07]
[0.44] [0.41] [0.08]

Quintile 5
(richest) (ref)

Participation in
labour force

Employed (ref)

Unemployed or —4.51%** —2.31%%* —0.70%** —0.40%**
not in the [0.43] [0.40] [0.081 [0.071
labour force

Indigenous
origin
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Table 2 (continued)

Variables Model 1 Model 2 Model 3 Model 4
Random- Random- Random- Random-
effects GLS effects GLS  effects effects

Ordered Ordered
logistic logistic
regression regression
General Mental Self-assessed Health
health health health satisfaction
B (SE) P (SE) B (SE) B (SE)
Not of Indigenous
origin(ref)
Aboriginal or —2.38 —0.05 —0.25 [0.26] 0.09 [0.24]
Torres Strait [1.57] [1.42]
Islander or both
Geographic
residency
Major city (ref)
Regional city/ —0.01 0.28 —-0.16* 0.04 [0.06]
remote area [0.41] [0.37] [0.07]

Smoking habits

Non-smoker (ref)

Currently —4.06%** —3.33%%* X .

smoking [0.571 [0.571 [0.11 [0.09]

Aleohol drinking

Non-drinker (ref)

Active drinker 3.14%%* 1.89%** 0.58%** 0.23%%*
[0.51] [0.46] [0.08] [0.07]

Physical activity

Less than the

recommended
level (ref)
Recommended 5.78%#= 3.73%*% 1.01%%* 0.83%#=
level [0.34] [0.30] [0.07] [0.06]
Body Mass Index
(BMI)

Underweight —5.16%** —4.14*% —0.80%** —0.50 [0.27]
[1.51] [1.48] [0.25]

Healthy weight

(ref)

Overweight —1.45%+* —0.48 —0.22%** —0.23%**
[0.4] [0.36] [0.07] [0.06]

Obesity —5.70%%* —1.28%%* —1.07%** —0.89%*x
[0.49] [0.43] [0.09] [0.07]

Disability status

No (ref)

Yes —14.03*** —5.34%* —2.39%%* —2.37%%*
[0.40] [0.33] [0.07] [0.06]

Notes: 1. Values are rounded off to two decimal places. 2. Ref means reference
category. 3. Robust standard errors are in brackets.

4. ==* == and * denote significance at the p < 0.001, p < 0.01, and p < 0.05
levels, respectively.

0.60), self-assessed health (f = —0.92, SE = 0.12), and health satisfac-
tion (p = —0.21, SE = 0.10), respectively, compared to their counter-
parts aged 65 years and older without cognitive impairment. However,
the study revealed a complex interplay between gender and cognitive
impairment on various health outcomes. While females with cognitive
impairment consistently reported poorer health outcomes across all four
domains: general health (Model 4, Table 5), mental health (Model 4,
Table 6), self-assessed health (Model 4, Table 7) and health satisfaction
(Model 4, Table 8), the results for males were more nuanced. For males,
the association between cognitive impairment and health satisfaction
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Table 3
Relevant marginal effects results obtained from random-effects ordered logistic
regressions.

Overall well-being score Self-assessed health Health satisfaction

Variable of interest-cognitive impairment

Marginal effect, P value Marginal effect, P value

0 0.0009; 0.05
1 0.0208; <0.001 0.0013; 0.05
2 0.0494; <0.001 0.0023; 0.04
3 0.0081; <0.001 0.0036; 0.04
4 —0.0579; <0.001 0.0037; 0.04
5 —0.0204; <0.001 0.0063; 0.04
6 0.0047; 0.03
7 0.0029; 0.02
8 —0.0088; 0.04
9 -0.0111; 0.03
10 —0.0059; 0.03

(Model 3, Table 8) was not statistically significant, but a clear inverse
association was observed for general health (Model 3, Table 5), mental
health (Model 3, Table 6), and self-assessed health (Model 3, Table 7),
meaning those with cognitive impairment reported poorer health out-
comes. For example, Model 3 of Tables 5, 6, and 7 reveals that male
participants with cognitive impairment scored significantly lower in
general health (p = —1.88, SE = 0.79), mental health (§ = —2.94, SE =
0.77), and self-assessed health (B = —0.62, SE = 0.14), respectively,
compared to their male counterparts without cognitive impairment.
Table 9 summarizes the group comparison of interaction effects be-
tween cognitive impairment, annual household disposable income, and
disability status on four health outcomes: general health, mental health,
self-assessed health, and health satisfaction. The results showed that
individuals with cognitive impairment and from the lowest household
disposable income quintile (quintile 1) had significantly lower scores
across all four health outcomes compared to those without cognitive
impairment and from the highest disposable income quintile (quintile
5). For instance, those with cognitive impairment and from the lowest
disposable income quintile (quintile 1) exhibited significantly lower
general health (f = —0.88, SE = 0.15) [model 1], mental health (f =
—0.93, SE = 0.16) [model 2], self-assessed health (p = —1.26, SE = 0.16)
[model 3], and health satisfaction (§f = —0.51, SE = 0.15) [model 4]
scores compared to their counterparts. Similarly, individuals with both
cognitive impairment and a disability demonstrated markedly lower
scores in general health, mental health, self-assessed health, and health
satisfaction compared to those without cognitive impairment and no
disability. For example, participants with cognitive impairment and a
disability showed significantly lower mental health (p = —1.57, SE =
0.12) [model 6], self-assessed health (p = —3.16, SE = 0.13) [model 71,
and health satisfaction (p = —2.57, SE = 0.12) [model 8] relative to their
counterparts without cognitive impairment and no disability.

Table 4

Acta Psychologica 253 (2025) 104770

4. Discussion

This study investigated the relationship between four health out-
comes (general health, mental health, self-assessed health, and health
satisfaction) and cognitive impairment among older Australians using
nationally representative longitudinal data. The initial hypothesis
posited a negative association between cognitive impairment and
various health outcomes. The findings indicated that people with
cognitive impairment had significantly lower general health, mental
health, self-assessed health, and health satisfaction compared to those
without cognitive impairment. Furthermore, the study findings unveiled
the average marginal effects of health satisfaction and self-assessed
health concerning cognitive impairment. The findings indicated that
cognitive impairment reduces the likelihood of transitioning into the
highest category in both self-assessed health and health satisfaction,
provided all other variables remain constant. In addition, heterogeneous
effects revealed that individuals with cognitive impairment, regardless
of age group (50-64 years or 65 years and older), reported poorer
mental health, self-assessed health, and health satisfaction compared to
those without cognitive impairment. Furthermore, females with cogni-
tive impairment consistently reported poorer health outcomes across all
four domains—general health, mental health, self-assessed health, and

Table 5
Heterogenous Effect: the relationship between cognitive impairment and gen-
eral health by age and gender.

Variables Model 1 Model 2 Model 3 Model 4
Random- Random-effects ~ Random- Random-
effects GLS GLS effects GLS effects GLS
General General health General General
health (Age (Age 65 years health health
50-64 years) and over) (Male) (Female)
 (SE) p (SE) f (SE) f (SE)

Exposure

variable
Cognitive
impairment
No (ref)
Yes —1.59 [1.04] —3.90 [0.68] —1.88* —3.61%**
[0.79] [0.81]

Notes: 1. The results of the robustness check are only shown for the cognitive
impairment for brevity 2. Values in brackets are robust standard errors. 3. All the
models were adjusted for age, sex, marital status, highest level of education,
annual household disposable income, participation in labour force, indigenous
origin, geographic residency, smoking habits, Alcohol drinking, physical activ-
ity, body Mass Index, and disability status. 4. Ref means reference category. 5.
The detailed results can be observed in Table A2 in the appendix of the online
supplementary material. 6. ***, and * denote significance at the p < 0.001 and p
< 0.05 levels, respectively.

The relationship between cognitive impairment and four different types of health outcomes (general health, mental health, self-assessed health, and health

satisfaction).

Model 1

Model 2

Model 3 Model 4

Generalised estimating equation

Generalised estimating equation

Random-effects GLS Random-effects GLS

General health Mental health Self-assessed health Health satisfaction
p (SE) B (SE) [ (SE) f (SE)

Exposure variable

Cognitive impairment

No (ref)

Yes —3.55*** [0.56] —3.89%%* [-7.74] —0.19%** [0.02] —0.14* [0.06]

Notes: 1. The results of the robustness check are only shown for the cognitive impairment for brevity 2. Values in brackets are robust standard errors. 3. All the models
were adjusted for age, sex, marital status, highest level of education, annual household disposable income, participation in labour force, indigenous origin, geographic
residency, smoking habits, Alcohol drinking, physical activity, body Mass Index, and disability status. 4. Ref means reference category. 5. The detailed results can be
observed in Table Al in the appendix of the online supplementary material. 6. *** and * denote significance at the p < 0.001 and p < 0.05 levels, respectively.
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Table 6
Heterogenous Effect: the relationship between cognitive impairment and mental health by age and gender.
Variables Model 1 Model 2 Model 3 Model 4
Random-effects GLS Random-effects GLS Random-effects GLS Random-effects GLS
Mental health (Age 50-64 years) Mental health (Age 65 years and over) Mental health (Male) Mental health (Female)
f (SE) f (SE) PP (SE) f (SE)

Exposure variable

Cognitive impairment

No (ref)

Yes —-2.33* [1.05] —3.92*** [0.60] —2.94%** [0.77] —2.88"** [0.72]

Notes: 1. The results of the robustness check are only shown for the cognitive impairment for brevity 2. Values in brackets are robust standard errors. 3. All the models
were adjusted for age, sex, marital status, highest level of education, annual household disposable income, participation in labour force, indigenous origin, geographic
residency, smoking habits, Alcohol drinking, physical activity, body Mass Index, and disability status. 4. Ref means reference category. 5. The detailed results can be

observed in Table A3 in the appendix of the online supplementary material. 6. ***, and * denote significance at the p < 0.001 and p < 0.05 levels, respectively.
Table 7
The relationship between cognitive impairment and self-assessed health by age and gender.
Variables Model 1 Model 2 Model 3 Model 4
Ordered logit Ordered logit Ordered logit Ordered logit

Self-assessed health (Age 50-64 years) Self-assessed health (Age 65 years and over) Self-assessed health (Male) Self-assessed health (Female)

f (SE) f (SE) P (SE) p (SE)
Exposure variable
Cognitive impairment
No (ref)
Yes —0.55"** [0.19] —0.92*** [0.12] —0.62*** [0.14] —0.85"** [0.14]

Notes: 1. The results of the robustness check are only shown for the cognitive impairment for brevity 2. Values in brackets are robust standard errors. 3. All the models
were adjusted for age, sex, marital status, highest level of education, annual household disposable income, participation in labour force, indigenous origin, geographic
residency, smoking habits, Alcohol drinking, physical activity, body Mass Index, and disability status. 4. Ref means reference category. 5. The detailed results can be
observed in Table A4 in the appendix of the online supplementary material. 6. *** denote significance at the p < 0.001 level.

Table 8
The relationship between cognitive impairment and health satisfaction by age and gender.
Variables Model 1 Model 2 Model 3 Model 4
Ordered logit Ordered logit Ordered logit Ordered logit
Health satisfaction (Age 50-64 years) Health satisfaction (Age 65 years and over) Health satisfaction (Male) Health satisfaction (Female)
p (SE) p (SE) P (SE) p (SE)

Exposure variable

Cognitive impairment

No (ref)

Yes —0.42* [0.17] —0.21* [0.10] —0.12 [0.13] —0.24* [0.13]

Notes: 1. The results of the robustness check are only shown for the cognitive impairment for brevity 2. Values in brackets are robust standard errors. 3. All the models
were adjusted for age, sex, marital status, highest level of education, annual household disposable income, participation in labour force, indigenous origin, geographic
residency, smoking habits, Alcohol drinking, physical activity, body Mass Index, and disability status. 4. Ref means reference category. 5. The detailed results can be
observed in Table A5 in the appendix of the online supplementary material. 6. * denote significance at the p < 0.05 levels.

health satisfaction. Similarly, male participants with cognitive impair- 4.1. Cognitive impairment and general health

ment reported poorer health outcomes in general health, mental health,

and self-assessed health; however, no significant association was This study revealed that participants with cognitive impairment
observed for health satisfaction. The study finally examined the group tended to have poorer self-reported general health compared to those
comparison of interaction effects between cognitive impairment, without cognitive impairment. This finding aligns with the existing body

household disposable income, and disability status with four distinct of research, in which there exists an association between mild and non-
health outcomes: general health, mental health, self-assessed health, and dementing cognitive impairment and poorer health at the population
health satisfaction. The results showed that individuals with cognitive level (Frisoni et al., 2000). Furthermore, numerous studies have sub-

impairment and from the lowest household disposable income quintile stantiated the longitudinal association between cognitive function and
had significantly poorer scores across all health outcomes compared to physical performance in older adults, with cognitive assessments being
those without cognitive impairment and from the highest household regarded as predictors of the decline in physical performance, including
disposable income quintile. Similarly, individuals with both cognitive activities of daily living and instrumental activities of daily living
impairment and a disability had markedly lower scores across all four (Atkinson et al., 2007; Tabbarah et al., 2002; Wang et al., 2002). The
health outcomes compared to those without cognitive impairment and inverse relationship between cognitive impairment and general health,
disability. which manifests as difficulties with performing daily tasks and working

because of health issues, could be explained as follows: physical per-
formance may necessitate more cognitive monitoring as people get

10
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Table 9

Acta Psychologica 253 (2025) 104770

Abridged regression results of group comparison of the interaction effect between cognitive impairment, household disposable income, and disability status on four
different types of health outcomes (general health, mental health, self-assessed health, and health satisfaction).

Models Model 1 Model 2

Model 3 Model 4

Variables General Health Mental Health

Self-assessed Health Health Satisfaction

Random-effects ordered logistic

regression regression

Random-effects ordered logistic

Random-effects ordered logistic
regression

Random-effects ordered logistic
regression

Group comparison in the interaction effect between cognitive impairment and househeld disposable income

No impairment # Quintile 1
No impairment # Quintile 2

**[0.10]
“* [0.09]
—0.29%** [0.08]

—-0.39%** [0.10]
—0.26%%#[0.09]

~0.65+** [0.11]
—0.56*** [0.10]

No impairment # Quintile 3 —0.15 [0.081] —0.29%** [0.09] —0.19%* [0.08]

No impairment # Quintile 5 —0.14 [0.08] 0.01 [0.08] —0.20** [0.09] —0.13 [0.07]

No impairment # Quintile 5 1 1 1 1
(ref)

Cognitive impairment # —0.88*** [0.15] —0.93*** [0.16] —1.26*** [0.16] —0.51*** [0.15]
Quintile 1

Cognitive impairment # —0.89%** [0.17] —0.87*** [0.17] —1.33*** [0.18] —0.63*** [0.17]
Quintile 2

Cognitive impairment # —0.82%** [0.19] —0.57*** [0.21] —1.15%** [0.21] —0.59*** [0.18]
Quintile 3

Cognitive impairment # —0.74%* [0.31] —0.65% [0.33] —1.07*** [0.28] —0.64* [0.29]
Quintile 4

Cognitive impairment # —0.30 [0.33] —0.52 [0.29] —0.94*** [0.35] —0.36 [0.28]
Quintile 5

Model Model 5 Meodel 6 Model 7 Model 8

Group comparison in the interaction effect between cognitive impairment and disability status

No impairment # no disability (ref) 1 1 1 1

No impairment # disability
Cognitive impairment # no disability
Cognitive impairment # disability

—2.29%#* [0.07]
~0.36* [0.14]
-2.78 [0.12]

~0.96%** [0.06]
~0.43*** [0.15]
~1.57+** [0.12]

—2.37%%¥ [0.07]
=0.67*** [0.19]
—3.16%** [0.13]

—2.37%% [0.06]
~0.18 [0.14]
—2,57% [0.12]

Notes: 1. The results only show the interaction effect for brevity 2. Values in brackets are robust standard errors. 3. All the models were adjusted for age, sex, marital
status, highest level of education, participation in the labour force, Indigenous origin, geographic residency, smoking habits, Alcohol drinking, physical activity, and
body Mass Index. 4. Ref means reference category. 5. ***, ** and * denote significance at the p < 0.001, p < 0.01, and p < 0.05 levels, respectively.

older, and when cognitive function deteriorates, the capacity to track
physical performance may also decline (Atkinson et al., 2010). Besides,
older adults were more vulnerable to comorbid chronic conditions,
which caused them to judge their health less positively.

4.2. Cognitive impairment and mental health

The findings provided evidence that participants with cognitive
impairment exhibited poorer mental health compared to those without
cognitive impairment. A recent Australian study revealed that people
with cognitive impairment tended to have a lower HRQoL where older
Australians with cognitive impairment had lower mental component
summary (MCS) scores compared to those without cognitive impairment
(Keramat et al., 2023). Another study found that cognitive deficits have
an impact on the ability of individuals with mental illness to accomplish
daily tasks, both when they are experiencing acute symptoms and when
they are in periods of remission (Clements et al., 2015). Depression,
anxiety, and loneliness are possible channels through which cognitive
impairment might affect mental health. For example, it was found that
cognitive impairment increased the likelihood of experiencing depres-
sion and anxiety (Yates et al., 2013), and participants with mild cogni-
tive impairment were more likely to experience symptoms of minor
depression, such as feeling low on energy, sluggish, and worse in the
mornings (Kumar et al., 2006). Additionally, cognitive decline has been
identified as a predictor for self-reported loneliness (Boss et al., 2015;
Burholt et al., 2017) which may be detrimental to mental health.

11

4.3. Cognitive impairment and self-assessed health

This study observed a substantial decrease in self-assessed health
among those with cognitive impairment compared to those without
cognitive impairment. This result aligns with previous research sug-
gesting a link between lower cognitive function and poorer self-reported
health (Kim, 2021). The inverse association between cognitive impair-
ment and poor self-assessed health can be attributed to the fact that
cognitive impairment increases the probability of disability in older
individuals (Di Carlo et al., 2000; Whitson et al., 2014), and adults with
disability tended to report lower self-rated health (Carlson et al., 2013).

4.4. Cognitive impairment and health satisfaction

This study also examined the association between cognitive
impairment and health satisfaction. The results showed that people with
cognitive impairment had lower levels of health satisfaction than those
without cognitive impairment. A prior study provided compelling evi-
dence of an association between moderate and severe cognitive
impairment and a decrease in HRQoL. More specifically, a decrease in
physical component summary score (PCS) score (Keramat et al., 2023).
Poor health satisfaction among people with cognitive impairment can be
ascribed to decreased levels of health satisfaction. A recent study found
individuals with cognitive disorders, such as autism, attention deficit,
and memory loss, exhibit lower levels of satisfaction with their health
compared to the general population (Stone et al., 2023). Cognitive
impairment is frequently underdiagnosed in hospital settings, and even
when found, patients may still face adverse health outcomes due to
disparities in care. These disparities might manifest as health-related

97



R. Haque et al.

symptoms being disregarded because of the patient’s impairment, or
negative attitudes from healthcare staff (Australian Commission on
Safety and Quality in Health Care, 2019).

4.5. Implications for policy and practice

Efforts to tackle health inequalities should focus on attaining fairness
in health and health outcomes, rather than just equal allocation of re-
sources in the healthcare system (Whitehead, 1990). The findings indi-
cate that disability prevention strategies for older adults with cognitive
impairment should include evaluating the health outcomes of their care
and integrating this assessment into their care and support plans. Early
detection of cognitive decline might enhance older adults’ satisfaction
with their health and potentially prevent them from being disabled in
the future. The Australian Commission on Safety and Quality in Health
Care has developed numerous resources to support the safety and
quality improvement systems in Australian health care, including eight
National Safety and Quality Health Service (NSQHS) standards, which
are a national statement on the type and quality of care that all patients
should receive (Australian Commission on Safety and Quality in Health
Care, 2023). The standards encompass a wide range of acts that pertain
to the provision and enhancement of care for individuals with cognitive
impairment. Hospitals need to establish a protocol to identify and pro-
vide care for individuals who have or are at risk of cognitive impairment,
promptly detect sudden worsening in mental state, and effectively
regulate the administration of psychoactive medications (Australian
Commission on Safety and Quality in Health Care, 2019). This study
proposes that standard healthcare prevention, targeted intervention,
and treatment procedures should prioritize older adults with cognitive
impairment and other forms of disability. To best address this challenge,
a coordinated approach involving clinicians, researchers who can guide
interventions, and government support for funding and policy changes is
required.

4.6. Strengths, limitations, and avenues for further research

One of the main strengths of this study is the utilization of an
extensive population-based longitudinal design with a diverse range of
older age cohorts. This is one of the first studies in Australia that
examine the relationship between cognitive impairment and four
distinct health outcomes using a nationally representative dataset. In
addition, to prevent spurious associations, the study incorporated
numerous confounding variables, including health-related behavioural
characteristics (e.g., smoking habits, alcohol consumption, and levels of
physical activity). Moreover, this study employed a longitudinal
random-effects regression model to examine the between-person varia-
tions in the relationships between self-perceived health outcomes and
cognitive impairment among older adults. Furthermore, we have pro-
vided evidence that cognitive impairment tests, specifically the SDMT
and BDS, have been a validated tool to measure cognitive impairment.

The study has several limitations that warrant mention. Firstly, the
reliance on self-reported data for health outcomes, including general
health, mental health, self-assessed health, and health satisfaction,
inherently introduces potential biases that may influence the validity of
our findings. Social desirability bias, where individuals may overstate
their health to conform to societal expectations or avoid stigma, is a
significant concern, particularly for subjective assessments like mental
health and self-assessed health. Recall bias, especially among older
adults and those with cognitive impairments, can also distort the accu-
racy of reported health experiences. These biases may lead to either
under- or overestimation of the true association between cognitive
impairment and health outcomes. To mitigate these risks, we utilized
validated self-report measures with established reliability and validity.
Furthermore, statistical adjustments were made to account for potential
confounders, including age, gender, socioeconomic status, and coexist-
ing health conditions. Despite the inherent limitations of self-reported
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data, its feasibility for collecting data from large populations makes it
a widely used and practical method in population-based research
(Haque et al., 2024a; Haque et al., 2024b). Secondly, the lack of uni-
versally agreed-upon cut-off scores for the SDMT and BDS scales poses a
limitation in accurately defining and encompassing the full spectrum of
cognitive impairment. While these tests provide valuable insights into
core cognitive processes, they may not fully capture the memory deficits
commonly associated with cognitive impairment or dementia. This
could have led to an underestimation of the prevalence of cognitive
impairment in this sample. Employing memory-focused assessments,
such as the Montreal Cognitive Assessment, Mini-Mental State Exami-
nation, or Saint Louis University Mental Status test, might have offered a
more targeted approach and enhanced comparability with existing
literature. Thirdly, while our findings suggest an association between
cognitive impairment and health outcomes, it is important to acknowl-
edge that this study cannot establish a definitive causal relationship. The
observational nature of this study limits our ability to establish defini-
tive causal relationships. Finally, the potential of reverse causality,
where poorer health may contribute to cognitive decline, cannot be
ruled out. Future research employing experimental or quasi-
experimental designs could provide greater clarity on the causal path-
ways underlying these associations.

This study highlights the significant association between cognitive
impairment and poor health outcomes among older Australians, point-
ing to several areas for further investigation. Future studies should
explore the mechanisms underlying these associations, such as the role
of social determinants, healthcare access, and lifestyle factors in medi-
ating or moderating the relationship between cognitive impairment and
health outcomes. Rigorous evaluations of innovative interventions, such
as cognitive stimulation therapy, music therapy, and technology-
assisted therapy, are needed to identify strategies for improving health
outcomes in individuals with cognitive impairment. Such research could
inform the development and implementation of effective and cost-
efficient interventions within the Australian healthcare system. By
expanding the scope of research to incorporate diverse measures of
cognitive impairment, particularly those addressing memory deficits (e.
g., Montreal Cognitive Assessment or Mini-Mental State Examination), it
would be possible to enhance comparability with international studies
and provide deeper insights into cognitive health. Additionally, inves-
tigating the impact of early interventions, such as physical activity,
mental stimulation, or social engagement programs, could yield
actionable recommendations for policymakers. Studies with longer
follow-up periods and additional waves of the HILDA Survey would offer
a more comprehensive understanding of the progression of cognitive
impairment and its cumulative effects on health outcomes. Finally,
qualitative research capturing the lived experiences of individuals with
cognitive impairment and their caregivers could complement quantita-
tive findings, providing a holistic perspective on the challenges faced
and potential strategies to enhance their well-being.

5. Conclusions

This paper examined the association between cognitive impairment
and four distinct health outcomes among older adults using a nationally
representative sample. The findings of our research fill an essential gap
in the current body of literature since earlier studies on this topic were
limited in scope. The findings suggest a significant association between
cognitive impairment and reduced well-being across multiple di-
mensions. The identified association indicate that cognitive decline
presents a significant risk not only to mental health but also to physical
and perceived well-being. This holistic understanding underscores the
necessity of reviewing and incorporating cognitive assessment into
standard clinical protocols for adults, especially in older individuals.

This research underscores the importance of healthcare practitioners
prioritizing cognitive assessments during routine patient consultations,
particularly for older adults. By incorporating cognitive testing into
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standard care, healthcare providers can support primary prevention
efforts and improve health outcomes for individuals with cognitive
decline. Specifically, we recommend including cognitive screening as
part of regular health check-ups for older adults, especially those aged
50 years and above, using validated tools such as the Montreal Cognitive
Assessment (MoCA) or Mini-Mental State Examination (MMSE). Addi-
tionally, clinical pathways should be established to facilitate early
intervention in the event of a diagnosis of cognitive impairment diag-
nosis, with referrals to multidisciplinary specialists such as occupational
therapists, dietitians, and mental health counsellors. To maintain the
currency of clinical practice, we recommend the regular update of
clinical recommendations informed by growing scientific and clinical
evidence, as well as findings from longitudinal research and randomised
controlled trials.

Moving forward, further research is essential to explore the mecha-
nisms linking cognitive impairment to various health outcomes. Rec-
ognising modifiable risk factors that could inform preventive strategies
will be crucial in mitigating the impact of cognitive decline on the health
and well-being of older adults.
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7.2 Links and implications

The identified associations suggest that cognitive decline presents a critical risk factor for
deteriorating health outcomes. This comprehensive understanding emphasises the need to
incorporate cognitive assessments into standard clinical practices, particularly for older adults.
Early identification of cognitive impairment offers an opportunity to develop targeted
interventions that can mitigate adverse health effects and potentially delay the progression to
more severe disability. Given the anticipated rise in dementia and cognitive decline owing to
an ageing population, it is crucial to establish effective methods for detecting and addressing
cognitive impairment at earlier stages. The research highlights the importance of healthcare
practitioners prioritising cognitive assessments during routine patient visits, especially for
older individuals. By integrating cognitive screening into regular care, healthcare providers can
enhance prevention efforts and improve overall health outcomes for individuals with cognitive
decline. The following chapter explores a potential intervention strategy aimed at improving

the HRQoL of individuals living with cognitive impairment.

Note: Appendix E provides supplementary material and associated appendix tables, as

referenced in this chapter.
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CHAPTER 8: PAPER 6 - STAYING ACTIVE, STAYING
SHARP: THE RELATIONSHIP BETWEEN PHYSICAL
ACTIVITY AND HEALTH-RELATED QUALITY OF LIFE
FOR PEOPLE LIVING WITH COGNITIVE IMPAIRMENT

8.1 Introduction

This chapter presents the findings of the sixth and final study, which investigates the
association between physical activity and HRQoL in older Australians with cognitive
impairment. While the beneficial health effects of physical activity, including its role in
cognitive health, are well-established, the specific relationship between physical activity and
HRQoL in this population within the Australian context remains under-explored. This study
addresses this critical gap in the literature by examining this association within a large
population-based cohort. The findings of this research have significant implications for public
health policy, informing the development of evidence-based interventions that promote
physical activity and enhance the HRQoL of older Australians with cognitive impairment.
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Abstract

Background Physical inactivity is a major global health concern and has been identified as a risk factor for cognitive impair-
ment. In Australia, the long-term relationship between physical activity and health-related quality of life (HRQoL) in indi-
viduals with cognitive impairment remains under researched. This study aims to address this knowledge gap by using data
from a population-based longitudinal study.

Methods We used data from two waves (wave 12 [2012] and wave 16 [2016]) of the Houschold, Income and Labour
Dynamics in Australia (HILDA) Survey. Our final analytic sample consisted of 1,168 person-year observations from 985
unique individuals. To investigate the association between physical activity and HRQoL, we employed random-effects Gen-
eralized Least Squares (GLS) model.

Results We found that participants engaging in physical activity, <1 to 3 times per week, showed significant positive asso-
ciations with the Physical Component Summary (PCS) score [f=4.41, Standard Error (SE)=0.68], Mental Component
Summary (MCS) score (B=2.55, SE=0.74), and SF-6D utility value (=0.05, SE=0.007) compared to those who did
not perform any physical activity. Similarly, participants who engaged in physical activity more than three times per week
to every day had notably higher scores in PCS (p=7.28, SE=0.82), MCS (=4.10, SE=0.84), and SF-6D utility values
(B=0.07, SE=0.009).

Conclusion There is clear evidence that performing physical activity is positively associated with improved HRQoL in
people with cognitive impairment. Our findings underscore the critical role of public health initiatives, such as health educa-
tion and community-based programs, in promoting physical activity to enhance the HRQoL of older Australians living with
cognitive impairment.

Keywords Australia - Cognitive impairment - Health-related quality of life (HRQoL) - Physical activity

Introduction

P4 Rezwanul Haque

. The rising life expectancy, mostly driven by advancements
Rezwanul.haque@unisq.edu.au

in medical technology, is contributing to a growing global
population of older adults aged 65 years and over [1, 2]. By
2066, the proportion of Australians aged 65 years or over
is forecasted to rise to between 21% and 23%, a notable

School of Business, University of Southern Queensland,
Toowoomba, QLD 4350, Australia

[*)

Centre for Health Research, University of Southern

Qucensland, Toowoomba, QLD 4350, Australia

School of Accounting, Economics and Finance, University of
KwaZulu-Natal, Durban 4001, South Africa

School of Nursing and Midwifery, University of Southern
Queensland, Toowoomba, QLD 4350, Australia

Centre for Health Services Rescarch, Faculty of medicine,
The University of Queensland, Brisbane, QLD
4006, Australia

Published online: 08 February 2025

jump from the 16% recorded in 2020 [3]. Older adults are
at a higher risk of experiencing cognitive decline, impact-
ing their thinking, memory, concentration, and other brain
functions [4]. Cognitive impairment, varying from mild to
severe, is a major factor contributing to dependence and dis-
ability among older adults [5]. Mild cognitive impairment
(MCI) is a condition whereby a person’s cognitive function
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is below normal, although they do not meet the criteria for
dementia [6, 7]. People with MCI possess a significantly ele-
vated risk of progressing to dementia relative to the general
population [8], with an annual progression rate estimated
between 10 and 15% [9, 10]. According to a recent meta-
analysis, approximately 15% of community-dwelling adults
aged 50 years and over are affected by MCI globally [11].
The estimated rate of cognitive impairment among Austra-
lians aged 65 years and older ranges from 7.7% to 33.3%
[12, 13]. While currently no curative treatments exist for
cognitive impairment related to dementia [ 14], non-pharma-
ceutical approaches remain a cornerstone of treatment for
older adults experiencing cognitive impairment [8]. Accord-
ing to the World Health Organization, non-pharmacological
interventions are recommended as the primary strategy for
managing dementia symptoms and improving the well-
being and quality of life of people living with dementia [15].

People with cognitive impairment have a higher propen-
sity for physically inactive lifestyle [16], which may sub-
sequently increase their risk of developing dementia [17]
and aggravate cognitive decline [18]. Moreover, chronic
illnesses along with physical inactivity can have a detri-
mental impact on people’s health and well-being, resulting
in decreased overall health, reduced physical performance,
and lower health-related quality of life (HRQoL) [19, 20].
HRQoL is a key component of assessing the health and
well-being of older adults, providing valuable insights into
their overall quality of life during the ageing process [21],
and can inform decisions about preventing and treating ill-
nesses [22].

Regular physical activity has many positive effects on
health, both physical and mental [23]. Existing evidence
based on cross-sectional [24-26] and longitudinal data [27,
28] have consistently demonstrated that people who engage
in recommended levels of physical activity have better
HRQoL compared to those who are less active, particularly
among older population. Additionally, a recent systematic
review emphasized that engaging in frequent physical activ-
ity can benefit older adults by enhancing their functional
mobility, independence, reducing anxiety, improving bal-
ance, and fostering better social interactions [29]. While
some longitudinal studies in Australia have shown a positive
relationship between physical activity and HRQoL, these
studies have primarily focused on the general population
[30] or older people with disabilities [31]. Existing research
suggests that physical activity is a strong protective factor
against cognitive decline and can have beneficial eflects
on both cognitive and non-cognitive functions in people
with cognitive impairment and dementia [6, 14, 32]. For
instance, a meta-analysis of 18 randomized controlled tri-
als suggests that physical activity improved cognitive func-
tion and quality of life for individuals living with dementia
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[33]. The study also revealed a positive ellect of physical
activity interventions on cognitive function across different
population groups [33]. The primary analysis showed a sub-
stantial positive effect with a standardized mean difference
(SMD) of 0.42 (95% CI: 0.23, 0.62). In individuals with
Alzheimer’s disease (AD), physical activity interventions
also demonstrated a beneficial effects (SMD=0.38, 95% CI:
0.09, 0.66). A positive effect was also observed in a broader
group including individuals with AD or a non-AD dementia
diagnosis (SMD=0.47, 95% CI: 0.14, 0.80). These findings
consistently support the notion that physical activity inter-
ventions can have a positive impact on cognitive function in
individuals living with cognitive impairment and dementia.

Physical activity is an eflective intervention for promot-
ing brain health in older adults, as it offers a low-cost and
low-risk approach to improve cognitive function [34]. Peo-
ple with disabilities often benefit more from exercise than
people without disabilities, especially for overall health and
well-being [33, 35]. According to the World Health Organ-
isation, older people may mitigate cognitive decline by
performing a minimum of 150 min of moderate-intensity
or 75 min of vigorous-intensity aerobic activity, along with
strength training per week [36]. Despite numerous efforts to
encourage physical activity among Australians, only 18%
of the adult population met the recommended guidelines in
2022 [37].

The beneficial effects of physical activity are well-estab-
lished, particularly in terms of preventing and managing
cognitive decline. However, the relationship between physi-
cal activity and HRQoL among older Australians with cog-
nitive impairment has not been thoroughly investigated. A
significant gap exists in Australian research regarding the
relationship between physical activity levels and HRQoL
specifically among older adults with cognitive impairment.
To address this gap, we explored the relationship between
physical activity and HRQoL using a nationally represen-
tative longitudinal data. Insights from this research could
inform evidence-based policies aimed at improving the
HRQoL of people with cognitive impairment.

Methods
Data source

Our empirical analyses utilized data from the Household,
Income, and Labour Dynamics in Australia (HILDA) Sur-
vey. Since 2001, the survey has been collecting yearly data
from a sample of Australians who are representative of
the whole country. The study monitors a cohort of almost
17,000 people over their life course, gathering data on a
range of topics including family and household dynamics,
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employment and earnings, educational attainment, and
health outcomes. The HILDA Survey used a mix of face-
to-face interviews and self-completion questionnaires to
obtain this information [38]. A comprehensive overview of
the HILDA dataset can be found elsewhere [39].

Study participants

Our analysis used data from two time points of the HILDA
Survey: the year 2012 (wave 12) and 2016 (wave 16). These
specific waves were chosen for the study because they are
the only waves within the dataset that include questions
specifically designed to assess cognitive impairment. The
HILDA survey assessed cognitive function of the survey
respondents using validated instruments, including the
Symbol Digit Modalities Test (SDMT) and the Backward
Digit Span Test (BDS). While the scores obtained from
the BDS and SDMT provide valuable insights into specific
cognitive domains (working memory and processing speed,
respectively), they may not fully capture the overall cogni-
tive profile of an individual. A limitation of these tests is the
lack of established cut-off scores, which may hinder accu-
rate diagnosis of cognitive impairment. More comprehen-
sive neuropsychological assessments, such as the Montreal
Cognitive Assessment (MoCA) [40], Mini-Mental Sta-
tus Examination (MMSE) [41], or Saint Louis University
Mental Status (SLUMS) examination [42], offer a nuanced
and reliable evaluation of cognitive function. Due to the
unavailability of data measured through these scales, we
utilized the BDS and SDMT to assess cognitive impairment
for this study. Evidence suggests that the BDS and SDMT
have been previously used to detect cognitive impairment,
particularly in people with multiple sclerosis [43, 44] and
hospitalized patients [45].

The BDS cognitive evaluation exam involves individuals
reciting a sequence of numbers in reverse order [45]. The
BDS evaluates the cognitive capacity of working memory
on a scale of 0 to 8. The SDMT is a cognitive assessment
tool that measures a person’s ability to process information
quickly and accurately. The SDMT requires participants
to match a list of numbers with corresponding geomet-
ric shapes as quickly and accurately as possible [46]. The
SDMT evaluates the cognitive function of the central brain
and provides scores that range from 0 to 110. The thresh-
old for identifying cognitive impairment in this study was
informed by an established criterion. Previous research has
categorized cognitive impairment based on standardized
thresholds: individuals scoring> 1.0 standard deviation (SD)
below the mean on either the BDS or SDMT (or both) are
classified as having mild cognitive impairment, while those
scoring>1.5 SD below the mean on both tests are identi-
fied as having severe cognitive impairment [47—49]. This

study consolidated mild and severe cognitive impairment
into a single category, focusing on cognitive impairment
as a unified construct. Cognitive impairment was therefore
defined as scoring>1 SD below the mean on both the BDS
and SDMT. This criterion aligns with empirical thresholds
reported in prior studies and supports the objectives of this
research. Accordingly, participants were considered cogni-
tively impaired if they scored <3 on the BDS and <30 on the
SDMT. Given that cognitive impairment primarily affects
older people, our study focused on Australians aged 50
years and over. Therefore, the inclusion criteria for people
in the sample were as follows: (i) being 50 years of age or
older; (ii) identified as living with cognitive impairment;
and (iii) having valid information on the outcome and key
factors of interest. Applying these inclusion criteria resulted
in an unbalanced panel of 1,168 yearly observations from
985 unique individuals. Figure 1 depicts the sample selec-
tion process and missing data analysis.

Outcome variable

The primary outcome variable in our study was HRQoL,
which we measured using the 36-item Short-Form Health
Survey (SF-36). The SF-36 is a widely used and reliable
instrument that assesses an individual’s physical and mental
health using a standardized questionnaire [50]. The ques-
tionnaire comprises 36 items that evaluate eight specific
health domains: physical functioning (PF), role physical
functioning (RP), role emotional functioning (RE), social
functioning (SF), mental health (MH), vitality (VT), bodily
pain (BP), and general health (GH). Each dimension of the
SF-36 has a theoretical range of 0 to 100, where 0 indicates
the worst possible health and 100 represents the best pos-
sible health. The SF-36 data generally yields two summary
measures: the physical-component summary (PCS) and the
mental-component summary (MCS) [51]. The PCS and
MCS were standardised by linear z-score transformations,
resulting in a mean of 50 and a standard deviation of 10.
The theoretical ranges of PCS and MCS scores are 4.54 to
76.09 and —1.21 to 76.19, respectively, with higher scores
indicating improved health [30].

In addition to the PCS and MCS, the SF-36 can also be
used to generate the SF-6D, a health-state utility index,
which is another internationally recognized measure of
HRQoL [52]. The SF-6D utility index is derived from a
subset of six subscales of the SF-36 (PF, RP, RE, SF, VT,
and BP), with a theoretical range from 0.29 (indicating poor
health) to 1 (representing optimal health) [52].
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Fig. 1 Participants’ flow in the
analytic sample and missing data

Total HILDA sample in two waves
(wave 12 and wave 16)
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Persons = 7,852
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A4

Persons = 985

Reported data on HRQoL

Observations = 1,168

Excluded (Due to missing observations)
Persons = 149
Observations = 233
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v
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Final analytic sample

Observations = 1,168

Exposure variable

This study investigates the frequency of moderate-to-intense
physical activity. To assess this, the research relies on a self-
administrated question consistently employed across all
waves of the HILDA Survey. This question inquires: ‘In gen-
eral, how often do you participate in moderate or intensive
physical activity for at least 30 minutes? Moderate physical
activity will cause a slight increase in breathing and heart
rate such as brisk walking.” The participants’ replies were
categorised into six pre-determined categories: ‘not at all’,
‘less than once per week’, ‘1 or 2 times per week’, ‘3 times
per week’, ‘more than 3 times per week but not every day’,
and ‘every day’. We simplified the physical activity catego-
ries into three groups: ‘not at all,” °<1 to 3 times per week’
(by merging the groups ‘less than once per week’, ‘1 or 2
times per week’, and ‘3 times per week’), and ‘more than 3
times per week to everyday’ (by merging the groups ‘more
than 3 times per week but not every day’, and ‘every day’).
The categorization of physical activity in this study adheres
to the established criteria of the Australian National Physi-
cal Activity Guidelines for Adults [53], demonstrating close
concordance with the World Health Organization’s guide-
lines [54]. This methodological approach has been adopted
in prior empirical research utilizing the HILDA survey data

[31, 55].
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Covariates

We incorporated several individual-level socio-demo-
graphic, health-related behavioural characteristics, and
health-related characteristics as covariates. The socio-eco-
nomic and demographic characteristics analysed included:
age (50-64 years, and =65 years), gender (male, and
female), marital status (unpartnered and partnered), highest
level of education (year 12 and below, professional quali-
fications, and university qualifications), household yearly
disposable income (Quintile 1 [poorest], and Quintile 5
[richest]), participation in the labour force (employed, and
unemployed or not in the labour force), Indigenous origin
(non- Aboriginal or Torres Strait Islander, and Aboriginal
or Torres Strait Islander), geographic residency (major city,
and regional or remote area). Additionally, two health-
related behavioural characteristics that can impact health
outcomes were included: smoking habits (former smoker or
never smoked, and currently smoking), and alcohol drink-
ing (former drinker or never drunk, and active drinker). Fur-
thermore, Body Mass Index (underweight, healthy weight,
overweight, and obese) and disability status (no versus yes),
were considered as the proxy of participants’ health-related
characteristics.

Estimation strategy

We commence our analysis by calculating descriptive
statistics for the study sample. For categorical variables,
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frequencies and percentages are calculated to describe their
distribution. For continuous variables, means and standard
deviations are calculated to summarize their central ten-
dency and variability. These descriptive statistics are calcu-
lated separately for baseline, final wave, and pooled data to
provide an overview of the data across different time points.
We also present a summary of participants’ SF-36 compo-
nent summary scores, and SF-6D utility values according to
their physical activity levels.

The outcome variables (PCS, MCS, and SF-6D) used in
our study were measured on a continuous scale. Therefore,
we employed a longitudinal random-effects GLS regression
model to examine the relationship between physical activity
and HRQoL, allowing us to identify individual variations in
this association. Additionally, the random-eflTects structure
enables us to control for unobserved individual heterogene-
ity and potential confounders, thereby enhancing the reli-
ability of our findings.

The random-effects GLS regression can be expressed in
the following functional form:

HRQoLy= o+ BPAy+ BaZit Wit €

HRQoL denotes the three outcome variables: PCS, MCS
and SF-6D. The level of physical activity, PA, is an expo-
sure variable. Z;; represents the vector consisting of time-
varying and time-invariant control variables. The model
parameter of interest to be estimated is denoted as /i,
and S5 indicates the vector of coellicients while a is the
model’s grand intercept. The analysis considers two parts
of the error: individual-specific components, ., that stays
the same over time, and time and person-specific error, 7;¢
, which is assumed to be uncorrelated with the independent
variables.

Statistical significance was determined using a p-value
threshold of 0.05. Lower p-values (<0.01 and <0.001) were
reported to indicate stronger evidence of significance. Stata
version 17.0 (StataCorp LLC, College Station, TX: USA)
was employed for all statistical analyses.

Results

Table 1 displays the socio-economic, demographic, health-
related behavioural, and health-related characteristics of the
analytic sample at baseline, final wave, and pooled across
waves. In the pooled data, most participants were older
adults, with 79% aged 65 years or older, 48% were female,
and 53% were partnered. Among the study sample, 8% had
a university degree, about 16% were employed, just below
2% identified as Aboriginal and Torres Strait Islander, 57%
resided in major cities, 11% were smokers, 66% drank alco-
hol, 26% were obese, and 65% had a disability.

Table 2 displays the summary statistics of key variables,
including PCS, MCS, SF-6D utility value, eight dimensions
of the SF-36, and levels of physical activity among the study
participants. In the pooled data, the mean PCS, MCS, and
SF-6D values of the study participants were 37.86, 48.15
and 0.67, respectively. The mean score of the SF-36’s eight
dimensions were as follows: PF (56.47), RP (46.24), RE
(64.14), SF (69.44), MH (71.88), VT (54.27), BP (56.50),
and GH (54.46). Regarding physical activity, the pooled
data also showed that approximately 30% of the participants
do not perform in any physical activity, around 44% partici-
pated in moderate or intense physical activity<1 to 3 times
per week, and around 26% engaged in moderate or intense
physical activity more than 3 times per week to every day.

Figure 2 depicts the mean PCS scores, MCS scores, and
SF-6D utility value among older Australians with cogni-
tive impairment based on their physical activity levels.
The results show that those who were physically inactive
exhibited lower PCS, MCS, and SF-6D scores compared
to their counterparts. For instance, in wave 16, people who
never engaged in physical activity had the lowest scores
(PCS=30.69, MCS=44.79, SF-6D=0.61), followed by
those engaged in moderate or intense physical activity <1-3
times per week (PCS=38.95, MCS=48.19, SF-6D=0.68),
with the highest scores observed in those engaged in moder-
ate or intense physical activity more than 3 times per week
to every day (PCS=44.07, MCS=51.10, SF-6D=0.73).

Table 3 presents the results obtained from the random-
elTects GLS regression models. We found that older Austra-
lians with cognitive impairment who engaged in moderate
or intense physical activity for at least 30 min had higher
PCS, MCS and SF-6D values compared to those who were
physically inactive. For example, model 1 demonstrated that
people who engaged in moderate or intense physical activ-
ity <1-3 times per week, and more than 3 times per week to
everyday had higher PCS scores 4.41 (B=4.41, SE=0.68)
and 7.28 (B=7.28, SE=0.82), respectively, compared to
those who were physically inactive. Similarly, model 2
revealed that those who engage in moderate or intense phys-
ical activity<1-3 times per week, and more than 3 times
per week to everyday had higher MCS scores 2.55 (B=2.55,
SE=0.74) and 4.10 (B=4.10, SE=0.84), respectively, rela-
tive to physically inactive people. Additionally, from model
3, we found that participants engaged in moderate or intense
physical activity<1-3 times per week, and more than 3
times per week to everyday had greater SF-6D utility values
0.05 (B=0.05, SE=0.007) and 0.07 (3=0.07, SE=0.009),
respectively, in comparison to those who did not engage in
any physical activity.
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Table 1 Distribution of analytic sample (socio-economic and demographic, health-related behavioural characteristics, and health-related charac-
teristics: baseline, final, and pooled across all waves)

Variables Baseline Wave (2012) Final Wave (2016) Pooled data
(2012-2016)

n % n % n %
Socio-cconomic, and demographic characteristics
Age group
50-64 years 131 20.70 116 21.68 247 21.15
65 years and over 502 79.30 419 78.32 921 78.85
Gender
Male 325 51.34 286 53.46 611 52.31
Female 308 48.66 249 46.54 557 47.69
Marital status
Unpartnered 306 48.34 246 45.98 552 47.26
Partnered 327 51.66 289 54.02 616 52.74
Highest level of education
Year 12 and below 422 66.67 327 61.12 749 64.13
Professional qualifications 167 26.38 161 30.09 328 28.08
University qualifications 44 6.95 47 8.79 91 7.79
Houschold yearly disposable income (Quintile)
Quintile 1 (poorest) 168 26.54 66 12.34 234 20.03
Quintile 2 134 21.17 100 18.69 234 20.03
Quintile 3 94 14.85 139 25.98 233 19.95
Quintile 4 118 18.64 117 21.87 235 20.12
Quintile 5 (richest) 119 18.80 113 21.12 232 19.86
Participation in labour force
LEmployed 98 15.48 85 15.89 183 15.67
Unemployed or not in the labour force 53§ 84.52 450 84.11 985 84.33
Indigenous origin
Non-Aboriginal or Torres Strait Islander 624 98.58 524 97.94 1,148 98.29
Aboriginal or Torres Strail Islander 9 1.42 11 2.06 20 1.71
Geographic residency
Major cities 356 56.24 309 57.76 665 56.93
Regional/remote 277 43.76 226 42.24 503 43.07
Health-related behavioural characteristics
Smoking habits
Former smoker/never smoked 557 87.99 479 89.53 1,036 88.70
Currently smoking 76 12.01 56 10.47 132 11.30
Alcohol drinking
Former drinker or never drunk 195 30.81 199 37.20 394 33.73
Active drinker 438 69.19 336 62.80 774 66.27

Health-related characteristics
Body Mass Index (BMI)

Underweight 24 3.79 13 243 37 3:17
Healthy weight 225 35:55 178 33.27 403 34.50
Overweight 233 36.81 189 35.33 422 36.13
Obesily 151 23.85 155 28.97 306 26.20
Disability status

No 229 36.18 183 34.21 412 35.27
Yes 404 63.82 352 65.79 756 64.73

Notes (1) The pooled study comprised a total of 1,168 person-year observations from 985 distinct individuals. (2) The OECD-modified equiva-
lency scale was used to calculate the equivalised yearly household income, which was then divided into quintiles
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Table 2 Summary statistics: subjective health scores, and level of physical activity

Characteristics Baseline Wave (2012) Final Wave (2016) Pooled data (2012-2016)

n % /mean (SD) n % /mean (SD) n Y% /mean (SD)
SFK-36 domain scores
Physical functioning 633 56.76 (29.27) 535 56.11 (29.88) 1,168 56.47 (29.54)
Role physical 633 46.87 (44.88) 535 45.48 (45.27) 1,168 46.24 (45.04)
Role emotional 633 64.01 (43.38) 535 64.30 (43.40) 1,168 64.14 (43.37)
Social functioning 633 70.97 (27.17) 535 67.64 (28.36) 1,168 69.44 (27.76)
Mental health 633 72.22(18.43) 535 71.48 (17.80) 1,168 71.88 (18.14)
Vitality 633 54.80 (21.44) 535 53.64 (21.08) 1,168 54.27 (21.28)
Bodily pain 633 57.06 (26.37) 535 55.84 (26.75) 1,168 56.50 (26.54)
General health 633 55.31(23.72) 535 53.46 (22.85) 1,168 54.46 (23.33)
SF-36 component summary score
PCS 633 38.09 (11.91) 535 37.59 (12.11) 1,168 37.86 (12.00)
MCS 633 48.43 (10.67) 535 47.82 (10.57) 1,168 48.15 (10.62)
SF-6D utility value 633 0.67 (0.13) 535 0.68 (0.13) 1,168 0.67 (0.13)
Levels of physical activity
Not at all 184 29.07 170 31.78 354 30.31
<1 to 3 limes per week 277 43.76 233 43.55 510 43.66
More than 3 times per week to everyday 172 2L1T 132 24.67 304 26.03

Notes (1) The pooled study comprised a total of 1,168 person-year observations from 985 distinct individuals. (2) PCS=physical component
summary, MCS=mental component summary, and SF-6D = Short-Form Six-Dimension health utility index

Fig.2 Mean PCS, MCS, and 454 524
SF-6D utility valucs by the s e — — —
: [ 3.16 o 120 s11
status of level of physical s S 50
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summary, and SF-6D=Short- = S 467
Form Six-Dimension health .\. o —e
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2012 2016 2012 2016
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& 757
2 R S NS W )
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9
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g
E o::\_.
.6 )
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Robustness check

We also fitted random-effects generalised estimating equa-
tion (GEE) regression model as part of the sensitivity analy-
sis. The model initially reported in Table 3 was re-assessed
and presented in Appendix Table Al in the online supple-
mental material. The findings of the sensitivity analysis
closely matched the baseline values for all the factors of
interest. We found that older Australians with cognitive

impairment who engaged in moderate or intense physical
activity had higher PCS, MCS and SF-6D values compared
to those who were physically inactive. For example, partici-
pants engaged in moderate or intense physical activity for
more than 3 times per week to everyday had greater PCS
(B=7.46, SE=0.76), MCS (B=4.61, SE=0.81) and SF-6D
(B=0.08, SE=0.008) scores, in comparison to those who
did not engage in physical activity.
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Table 3 Abridged results from
random-effects GLS regression
models of HRQoL (MCS, PCS
and SF-6D), pooled analysis

Variables

Model 1 Model 2 Model 3
PCS MCS SF-6D

Coefficient (SE), P-value Coefficient (SE), P-value Cocflicient
(SE), P-value

Levels of physical activity
Not at all (vef)
<1 o 3 times per week

More than 3 limes per week to
everyday

4.41 (0.68), 0.001 2.55(0.74), 0.001 0.05 (0.007),
0.001

7.28 (0.82), 0.001 4.10 (0.84), 0.001 0.07 (0.009),
0.001

Notes (1) The sample size is 985 individuals and 1,168 observations. (2) All models were adjusted for age,
gender, marital status, highest education level of education, household yearly disposable income, par-
ticipation in the labour force, Indigenous origin, geographic residency, smoking habits, alcohol drinking,
BMI and disability status. (3) PCS=physical component summary, MCS=mental component summary,
and SF-6D = Short-Form Six-Dimension health utility index. (4) Ref means reference category. (5) Cluster-
robust standard errors (SE) are reported in the parenthesis

Table 4 Abridged results from random-effects GLS regression models of HRQoL (MCS, PCS and SF-6D) by age

Variables Age (50-64 years) Age (65 years and above)
Model 1 Model 2 Model 3 Modecl 4 Modecl 5 Modcl 6
PCS MCS SF-6D PCS MCS SF-6D
Coefficient (SE),  Coefficient (SE), Coefficient (SE), Coefficient (SE),  Coefficient (SE), Coeffi-
P-value P-value P-value P-value P-value cient (SE),
P-value
Levels of physical activity
Not at all (ref)
<1 o 3 times per week 3.62(1.69),0.03  1.18(1.77),0.50 0.04(0.01),0.03 4.36 (0.75),0.001 2.94(0.82), 0.04 (0.008),
0.001 0.001
More than 3 times per week  6.67 (1.78),0.001  3.09 (1.88), 0.10 0.06 (0.02), 0.01 7.41 (0.91), 0.001 4.51 (0.96), 0.07 (0.011),
to everyday 0.001 0.001

Note (1) All models were adjusted for age, gender, marital status, highest cducation level of cducation, houschold yearly disposable income,
participation in the labour force, Indigenous origin, geographic residency, smoking habits, alcohol drinking, BMI and disability status. (2)
PCS=physical component summary, MCS =mental component summary, and SF-6D = Short-Form Six-Dimension health utility index. (3) Ref
means reference category. (4) Cluster-robust standard errors (SE) are reported in the parenthesis

Sensitivity analysis

We conducted a missing data analysis, as presented in
Appendix Table A2. With the exception of Indigenous ori-
gin, SF-6D utility score, and BMI, the proportion of miss-
ing observations for most variables was less than 5%. To
address the missing data, we applied the last value carry
forward imputation technique. After imputation, we applied
the random-effects GLS technique and compared the results
with the estimates obtained from the complete case analysis
(Table 3). The regression results from the imputed data were
consistent in direction with the baseline regression findings.
However, the magnitudes of the physical activity estimates
varied slightly across the HRQoL measures. For example,
participants engaged in moderate or intense physical activ-
ity for more than 3 times per week to everyday had greater
PCS (B=7.53, SE=0.79), MCS ($=3.97, SE=0.83) and
SF-6D (8=0.07, SE=0.009) scores, in comparison to those
who did not engage in physical activity. The imputed regres-
sion analysis results are detailed in Appendix Table A3.
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Heterogenous effect

To further explore the relationship between physical activ-
ity and HRQoL, we ran a series of random-eflects General-
ized Least Squares (GLS) regression models. These models
were used to investigate how the association between physi-
cal activity and HRQoL might vary across different age and
gender subgroups within the study population. The results
indicated that, across both age groups (50—64 years and 65
years and older), people who participated in any form of
moderate or intense physical activity for at least 30 min had
significantly higher PCS, MCS, and SF-6D values com-
pared to those who were physically inactive (see Table 4).
For instance, among participants aged 65 years and over,
those engaging in moderate or intense physical activity
more than 3 times per week to everyday had significantly
higher scores in PCS (B=7.41, SE=0.91), MCS (B=4.51,
SE=0.96), and SF-6D (=0.07, SE=0.011) compared to
those who did not engage in physical activity (Models 4,
5 and 6 in Table 4). Similarly, irrespective of gender, indi-
viduals participating in any moderate or intense physical
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Table 5 Abridged results from random-eflects GLS regression models of HRQoL (MCS, PCS and SF-6D) by gender

Variables Male Female
Model 1 Model 2 Model 3 Model 4 Model 5 Modecl 6
PCS MCS SF-6D PCS MCS SE-6D
Cocflicient (SE), Cocflicient Cocflicient Cocflicient (SE), Cocflicient Cocflicient
P-value (SE), P-value (SE), P-value P-value (SE), P-value (SE), P-value

Levels of physical activity
Not at all (ref)

<1 to 3 times per week 3.02(0.97), 0.01 3.43 (1.06), 0.04 (0.01), 5.70 (0.95), 0.001 1.93 (0.98), 0.05 0.04 (0.01),
0.001 0.001 0.001

More than 3 times per week 6.90 (1.11),0.001  6.11 (1.09), 0.08 (0.01), 7.16 (1.21), 0.001 2.10(1.23), 0.08 0.05 (0.01),

to everyday 0.001 0.001 0.001

Note (1) All models were adjusted for age, gender, marital status, highest education level of education, household yearly disposable income,
participation in the labour force, Indigenous origin, geographic residency, smoking habits, alcohol drinking, BMI and disability status. (2)
PCS=physical component summary, MCS=mental component summary, and SF-6D=Short-Form Six-Dimension health utility index. (3) Ref
means reference category. (4) Cluster-robust standard errors (SE) are reported in the parenthesis

activity showed higher PCS, MCS, and SF-6D scores than
those who were inactive (see Table 5). For example, female
participants who engaged in moderate or intense physical
activity more than 3 times per week to daily had greater PCS
(B=7.16, SE=1.21), MCS (f=2.10, SE=1.23), and SF-6D
(B=0.05, SE=0.01) scores compared to their inactive coun-
terparts (Models 4, 5 and 6 in Table 5).

Discussion

Our research sought to evaluate the relationship between
physical activity and HRQoL among older Australians
living with cognitive impairment. We employed a mix of
preference-based (SF-6D) and non-preference (SF-36 com-
ponent summaries) measures to assess HRQoL. Our analy-
sis, utilizing random-effects Generalized Least Squares
(GLS) modelling, demonstrated that physical activity acts
as a protective factor for HRQoL. We discovered that older
Australians with cognitive impairment engaging in moder-
ate or intense physical activity for at least 30 min had sub-
stantially greater PCS, MCS, and SF-6D utility values than
their physically inactive counterparts.

Our results are consistent with earlier research conducted
across various countries among general populations (e.g.,
had no cognitive impairment) and found a positive asso-
ciation between physical activity and HRQoL [24-27]. An
carlier study also reported that consistent physical activity
levels, including gradual increases in activity frequency,
were linked to preserving or enhancing both physical and
mental HRQoL in community-dwelling older adults [28].
Furthermore, two Australian longitudinal studies provided
evidence that a higher frequency of moderate-to-vigorous
intense physical activity was linked to an improved HRQoL
[30,31].

Our findings also align with one RCT study that demon-
strated the benefits of aerobic exercise training in reducing

the decline in HRQoL in older adults with mild cognitive
impairment [57]. However, another RCT study did not
find a significant positive effect of walking on quality of
life within a similar cohort [56]. The observed discrepan-
cies between our findings and those of prior studies may be
explained by variations in research design, physical activity
assessment methods, study populations, and the specific cri-
teria used to diagnose cognitive impairment.

The relationship between physical activity and HRQoL
may be explained by its positive effects on functional capac-
ity and physical health, which promote a greater sense of
independence and well-being [21]. These improvements are
likely to enhance the physical aspects of HRQoL. Moreover,
physical activity may benefit people with cognitive impair-
ment by improving sleep quality and reducing depressive
symptoms, thereby positively influencing HRQoL [57].
Additionally, physical activity may enhance HRQoL by
affecting mood-related brain chemicals, such as neurotrans-
mitters and endorphins [58, 59]. Regular physical activity
also improves physical fitness, functionality, and a sense of
control [26, 60, 61], and is associated with increased men-
tal stimulation and better psychological health [26]. Social
interaction may also be an important factor in explaining
the observed relationship between physical activity lev-
els and HRQoL. Many forms of physical activity, such
as group exercise classes, walking clubs, or team sports,
provide opportunities for social engagement, which has a
positive impact on mental health and psychological well-
being. Social interactions fostered through physical activity
can reduce feelings of isolation and loneliness, particularly
among individuals with cognitive impairment, thereby con-
tribute to the improvement of the mental aspects of HRQoL
[62, 63]. Furthermore, a history of regular physical activity
may have a protective influence on future physical activ-
ity levels, HRQoL, and cognitive impairment. Engaging
in physical activity throughout earlier life stages can have
long-term benefits. These benefits, likely stemming from
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the cumulative effects of improved muscle strength, car-
diovascular health, and neural plasticity, may contribute
to better physical and cognitive health in later years [64,
65]. This cumulative effect of early-life physical activity on
physical and cognitive health may create a virtuous cycle.
Improved physical and cognitive health can motivate con-
tinued engagement in physical activity, which in turn can
further enhance HRQoL and create a positive feedback loop
that supports overall well-being.

Strengths, limitations, and avenues for further
research

Our study’s strengths include its use of a comprehensive
longitudinal design. To the best of our knowledge, this is
the first observational study to examine the association
between physical activity and HRQoL among people with
cognitive impairment. The use of a validated instrument
to measure HRQoL and cognitive impairment ensures the
reliability of our findings. However, our study has some
limitations that need to be mentioned. Firstly, the HILDA
Survey’s physical activity frequency measure may not have
accurately captured the exact amount of time participants
spent on physical activities, which could aftect the preci-
sion of our results. Secondly, the reliance on self-reported
data for physical activity and other covariates may intro-
duce potential biases. Social desirability bias, characterised
by the inclination of individuals to overstate their physical
activity levels or underreport health limitations, is a signifi-
cant concern. Recall bias, especially among older adults and
those with cognitive impairments, can also distort the accu-
racy of reported physical activity engagement and HRQoL
experiences. These biases may lead to either under- or over-
estimation of the true association between physical activ-
ity and HRQoL. Third, the absence of standardized cut-ofl
scores for the SDMT and BDS limits their ability to accu-
rately define and comprehensively assess the full range of
cognitive impairment. Furthermore, while these tests pro-
vide valuable insights into specific cognitive domains, they
may not adequately capture memory deficits, a core feature
of cognitive impairment and dementia. This limitation could
have potentially underestimated the prevalence of cognitive
impairment in this study. The inclusion of memory-focused
assessments, such as the Montreal Cognitive Assessment,
Mini-Mental State Examination, or Saint Louis Univer-
sity Mental Status test, could have provided a more tar-
geted approach and improved comparability with findings
from other studies. Finally, the analysis did not account for
potential confounding factors such as diet, stress levels,
and comorbid conditions. These factors can significantly
influence both physical activity levels and HRQoL. The
unavailability of data on these factors in the HILDA Survey
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represents a major limitation. By not accounting for these
factors, the study may not precisely estimated the relation-
ship between physical activity and HRQoL among people
with cognitive impairment. This may lead to confounding
bias, distorting the observed relationship between physical
activity and HRQoL due to the influence of these unob-
served variables. This could result in spurious associations.
Future research could explore the economic implications
of physical activity in people with cognitive impairment,
including cost savings, work productivity, and reduction
of overall health and economic burdens on the healthcare
system. These research would provide valuable insights for
policymakers and healthcare providers, guiding strategies
and investments in initiatives concerning physical activity.

Implications for policy and practice

The findings of this research can be directly utilized by
healthcare professionals who work with older adults with
cognitive impairment to develop and implement more ellec-
tive health promotion interventions that emphasize the
importance of physical activity. In 2018, Australia became
one of the pioneering nations in developing national physi-
cal activity guidelines tailored to older adults with cogni-
tive impairment [66]. A narrative review further supported
these guidelines, providing evidence that the recommenda-
tions for older adults could be adapted to meet the needs
of individuals with cognitive impairment [67]. This con-
clusion was reached after comparing these guidelines with
similar Canadian guidelines. Evidence suggests that older
Australians today place a higher value on information and
advice from healthcare professionals compared to other
sources, highlighting their critical role in adopting recom-
mendations [67]. By oflering tailored guidance and support,
healthcare professionals can assist individuals in achieving
the recommended physical activity levels, which can lead to
improved well-being. Our findings highlight the necessity
of including physical activity in comprehensive care plans
through bulk-billed GP services for older adults with cogni-
tive impairment.

Conclusions

Our research provides substantial evidence of the posi-
tive relationship between physical activity and HRQoL in
older people with cognitive impairment. Using longitudi-
nal data from the HILDA Survey, we found that engaging
in moderate to intense physical activity for at least 30 min
is associated with improved HRQoL. These results high-
light the significance of integrating physical activity into
holistic strategies for enhancing the general well-being of
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older Australians living with cognitive impairment. Health
education and promotion initiatives must be implemented
across all demographics to promote physical activity, espe-
cially amongst those with cognitive impairments. The
SF-6D utility values derived from our research may serve
as essential inputs for the forthcoming economic evaluation
of intervention concerning physical activity. Thereby, our
study findings will help policy makers to identify the cost-
effective interventions concerning physical activity aimed at
improving the health and well-being of older adults. Further
research is needed to investigate the enduring advantages of
physical activity on HRQoL in adults with cognitive impair-
ment and to create tailored therapy that encourage physical
activity.
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8.2 Links and implications

This study has significant implications for healthcare professionals working with older adults
with cognitive impairment. It highlights the importance of incorporating physical activity into
health promotion interventions to improve HRQoL. Healthcare providers play a crucial role in
helping older Australians meet physical activity guidelines, which can enhance overall well-
being. The findings emphasise the need for physical activity to be included in comprehensive
care plans, particularly through bulk-billed GP services, to ensure equitable access. The
positive association between physical activity and HRQoL supports its integration into care
strategies, and the SF-6D utility values from this research can inform future economic
assessments of physical activity interventions.

This thesis includes six studies focusing on three key themes: (i) the prevalence and risk factors
of dementia (Chapters 3 and 4); (ii) the adverse health outcomes (Chapters 5, 6, and 7); and
(iii) potential strategies for improving the well-being of individuals with cognitive impairment
(Chapter 8). The next chapter provides a concluding discussion and explores the policy

implications derived from the findings of these studies.

Note: Appendix F provides supplementary material and associated appendix tables, as
referenced in this chapter.
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CHAPTER 9: CONCLUSION AND POLICY IMPLICATIONS

9.1 Chapter summary

This chapter provides a synthesis of the findings, conclusions, and policy implications derived
from this thesis, which aimed to address critical gaps in understanding dementia and cognitive
impairment in Australia. Dementia prevalence continues to rise in Australia, posing a
significant public health challenge with substantial direct and indirect costs. To address this
growing concern, this thesis focused on investigating the risk factors, adverse health outcomes,
and potential improvements in HRQoL of people with dementia and cognitive impairment.

The research began by examining changes in the prevalence of dementia and explored
associations with key risk factors, including i) geographic remoteness and ii) chronic pain. The
thesis then assessed the relationship between cognitive impairment and dementia with iii) self-
care limitations, iv) socio-economic inequalities in HRQoL, and v) health outcomes, such as
general health and mental health, self-assessed health, and health satisfaction. Finally, the
potential for improving HRQoL among people with cognitive impairment was explored by
analysing the relationship between vi) physical activity and HRQoL as a modifiable factor.

This thesis utilised robust, nationally representative data from the cross-sectional SDAC and

the longitudinal HILDA survey to provide comprehensive evidence of these associations.

This chapter concludes the thesis by summarising the key findings and discussing their
implications for policy and practice. It also highlights how the insights gained from this
research can inform strategies to reduce the burden of dementia, promote equity in health
outcomes, and improve the quality of life for Australians affected by cognitive impairment and

dementia.
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9.2 Summary of key findings

= Geographic remoteness and dementia (Paper 1, Chapter 3)

This study examined the most recent national prevalence and trends of dementia in Australia,
with a particular focus on geographic remoteness as a potential risk factor. The findings
indicated that, between 2015 and 2018, the prevalence of dementia among adults aged 65 years
and older increased, rising from 5,099 per 100,000 in 2015 to 5,229 per 100,000 in 2018. The
analysis revealed notable variations in dementia prevalence based on geographic remoteness.
Specifically, a significant increase was observed in major cities, where the prevalence rose
from 5,010 per 100,000 in 2015 to 5,590 per 100,000 in 2018. Conversely, in outer regional
and remote areas, the prevalence decreased substantially, from 4,810 to 3,760 per 100,000 over
the same period. Furthermore, the results demonstrated that older adults residing in major cities
had higher odds of experiencing dementia compared to those in outer regional and remote

areas.

= Chronic pain and dementia (Paper 2, Chapter 4)

This study set out to investigate the association between chronic pain and dementia, with a
particular emphasis on whether this relationship differs by age and gender. The findings
underscored the significant role of chronic pain as a risk factor for dementia among older
Australians. Specifically, older individuals experiencing chronic pain were found to have
substantially higher odds of developing dementia compared to their counterparts without
chronic pain. The analysis further revealed that the association between chronic pain and
dementia persisted across all age groups, highlighting the consistent impact of chronic pain on
cognitive health irrespective of age. Additionally, gender-specific differences were observed,
with women experiencing chronic pain showing notably higher odds of living with dementia

compared to women without chronic pain and their male counterparts.

= Dementia, Chronic Pain and Self-care Limitations (Paper 3, Chapter 5)

This study aimed to investigate the complex relationships among dementia, chronic pain, and
self-care limitations, while also examining the combined impact of co-occurring dementia and
chronic pain on self-care limitations. Using ordered logistic regression analysis, the findings
highlighted that people with dementia faced significantly higher odds of experiencing severe
self-care limitations compared to those without dementia. Similarly, chronic pain emerged as
an independent factor contributing to an increased likelihood of self-care limitations, with

individuals suffering from chronic pain demonstrating significantly higher odds of these
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challenges than those without such pain. Importantly, the interaction effect analysis provided
additional insights, revealing that the coexistence of dementia and chronic pain had a
pronounced and synergistic effect on self-care limitations. This combination substantially
heightened the probability of severe self-care impairments compared to individuals without

either condition.

= Socio-economic inequalities in HRQoL and the contribution of cognitive impairment
(Paper 4, Chapter 6)

Using data from the HILDA survey, this research explored socio-economic inequalities in
HRQoL among older Australians and examined the specific contribution of cognitive
impairment to these disparities. The study revealed that the prevalence of MCI among
Australians aged 50 years and over was 11.76% in 2012 and 9.03% in 2016. Across both years,
individuals with mild or severe cognitive impairment reported significantly lower HRQoL
compared to those without cognitive impairment. The findings highlighted pronounced pro-
rich inequalities in HRQoL, with concentration indices of 0.029 and 0.025 for waves 12 and
16, respectively. Notably, MCI accounted for 7.60% and 9.03% of the observed socio-
economic inequalities in HRQoL during 2012 and 2016, underscoring its substantial
contribution to these disparities. Additionally, factors such as unemployment and low
household income were identified as key drivers of overall HRQoL inequalities, alongside the

impact of cognitive impairment.

= Cognitive impairment and self-reported health outcomes (Paper 5, Chapter 7)

This study examined four key health outcomes—general health, mental health, self-assessed
health, and health satisfaction—among older Australians with cognitive impairment, utilising
nationally representative longitudinal data. The initial hypothesis posited that cognitive
impairment negatively impacts these health outcomes. The results confirmed that individuals
with cognitive impairment reported significantly poorer general health, mental health, self-
assessed health, and health satisfaction compared to those without cognitive impairment.
Moreover, the findings highlighted the average marginal effects of cognitive impairment on
self-assessed health and health satisfaction. Specifically, cognitive impairment was associated
with a reduced likelihood of achieving the highest levels of self-assessed health and health
satisfaction, assuming all other factors remained constant. The analysis also revealed notable
heterogeneity in the effects of cognitive impairment on health outcomes by age and gender.

Participants aged 65 years and older with cognitive impairment exhibited worse self-assessed
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health, general health, and mental health compared to those aged 50-64 years. Similarly,
female participants with cognitive impairment experienced lower self-assessed health, general

health, and health satisfaction compared to their male counterparts.

= Physical activity and HRQoL (Paper 6, Chapter 8)

This study explored the long-term relationship between physical activity and HRQoL in people
living with cognitive impairment. HRQoL was assessed using both preference-based (SF-6D)
and non-preference-based (SF-36) measures to provide a comprehensive evaluation of
participants’ physical and mental well-being. By applying random-effects modelling, the study
confirmed the protective influence of physical activity on HRQoL within this vulnerable
population. The findings revealed that participants who engaged in physical activity one to
three times per week experienced significant improvements in the Physical Component
Summary (PCS), Mental Component Summary (MCS), and SF-6D utility values compared to
those who did not engage in any physical activity. Furthermore, people who participated in
physical activity more frequently—ranging from more than three times per week to daily—
achieved even higher scores across PCS, MCS, and SF-6D utility values, highlighting the dose-

response benefits of regular physical activity.

9.3 Contributions to the field of research

This thesis makes a significant contribution to the existing body of literature by providing a
comprehensive examination of the risk factors, adverse health outcomes, and potential avenues
for improvement in the HRQoL of individuals living with dementia and cognitive impairment
within the Australian context. A key strength of this research lies in the utilisation of large and
recent nationally representative datasets, ensuring the findings reflect the contemporary
epidemiological landscape of dementia in Australia. Furthermore, by controlling for a wide
range of socio-demographic factors, this research provides a more nuanced understanding of
the relationship among dementia, cognitive impairment, and HRQoL, while mitigating the
potential influence of confounding variables. This thesis generates new knowledge, advances
theoretical and methodological understanding, and offers valuable policy insights for the

Australian health sector. These contributions are outlined below.

9.3.1 Contribution to theory and methods
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The thesis extends the human development model by demonstrating its applicability to
understanding the complex interplay of personal, environmental, and societal factors in the
context of dementia. Specifically, the findings on the association between geographic
remoteness and dementia prevalence (Chapter 3) highlight the crucial role of environmental
factors, such as access to healthcare and social support, in shaping dementia risk. This
contributes to a deeper understanding of how the broader social and environmental context
influences health outcomes. Moreover, this research enhances the utility of the ICF by
demonstrating its value in analysing the impact of dementia and chronic pain on various aspects
of functioning, including ADLs and participation in social life (Chapters 4 and 5). The findings
on the impact of co-occurring dementia and chronic pain on self-care limitations provide
empirical evidence for the ICF’s framework and demonstrate its relevance to understanding
the lived experiences of individuals with complex health conditions.

This thesis makes a significant theoretical contribution to distributive justice theories,
particularly Rawls’ (1971, 2001) social contract theory and egalitarianism, by bridging the gap
between their normative prescriptions and positive empirical analysis. While these theories
traditionally focus on prescribing policies, structures, and institutions based on normative value
judgements, this research applies their principles to real-world data, offering empirical
validation and practical relevance. In Chapter 6, the study operationalises egalitarian concepts
to investigate socio-economic inequalities in HRQoL and the role of cognitive impairment,
thereby advancing the empirical application of these theoretical ideas. By integrating moral
concepts into positive economics, this thesis enhances the empirical acceptability of
distributive justice theories, contributing to a deeper understanding of their applicability in
addressing contemporary health and social inequities.

9.3.2 Contribution to knowledge and policy implication/development

This thesis makes significant contributions to the existing body of knowledge, offering valuable
insights and having important policy implications. The contributions of each paper to the field

of research are detailed below.

Paper 1 significantly advances the existing literature by analysing dementia prevalence trends
in Australia utilising a nationally representative dataset that encompasses both household and
institutional care settings. Previous research on dementia prevalence in Australia has primarily
relied on data collected from aged care institutions. Notably, this study is the first to investigate

the association between geographic remoteness and dementia prevalence within the Australian
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context, providing valuable insights into the spatial distribution of dementia across different

regions of the country.

Paper 2 contributes significantly to the existing literature by investigating the relationship
between chronic pain and dementia. This study represents the first Australian investigation to
establish a correlation between these two conditions. Furthermore, this research endeavours to
ascertain whether the observed association between chronic pain and dementia exhibits

variations across different age and gender groups.

Paper 3 makes a significant contribution to the literature by investigating the association
between co-occurring dementia and chronic pain with self-care limitations in older Australian
adults. While previous research has established that dementia and chronic pain independently
contribute to declines in ADLs, the combined impact of these two conditions on self-care
limitations has not been extensively explored in the Australian context. This study, therefore,
provides valuable insights for the development of well-informed interventions aimed at
supporting the independence of and facilitating healthy ageing among older adults living with

both dementia and chronic pain.

Paper 4 significantly contributes to the literature by examining how socio-economic
inequalities impact HRQoL, with a specific focus on the contribution of cognitive impairment.
This study, the first of its kind, utilises the comprehensive HILDA dataset to decompose the
contribution of cognitive impairment to pro-rich inequality in HRQoL. By employing a
rigorous methodological approach, including the utilisation of decomposition analysis, this
research provides valuable insights into the mechanisms through which cognitive impairment
contributes to health disparities across different socio-economic strata within the Australian

population.

Paper 5 makes a significant contribution to the literature by exploring the association between
cognitive impairment and health outcomes among older Australians. This research is among
the first in Australia to investigate the impact of cognitive impairment on health outcomes using
nationally representative data, providing valuable insights into an understudied area. The
application of a longitudinal random-effects regression model enabled a comprehensive
examination of variations in self-perceived health outcomes among individuals with cognitive
impairment over time. Additionally, the study utilised validated cognitive assessment tools,
including the Symbol Digit Modalities Test (SDMT) and Backward Digit Span (BDS), which

are recognised for their effectiveness in capturing critical aspects of cognitive ageing and
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impairment. These methodological strengths underscore the study’s contribution to advancing

the understanding of cognitive impairment and its health implications in older populations.

Paper 6 significantly advances the understanding of the relationship between physical activity
and HRQoL in older Australians with cognitive impairment. This study, the first of its kind in
Australia, provides valuable insights into the potential benefits of physical activity in enhancing
the HRQoL of this population. The findings of this research have important implications for
the development of evidence-based policies aimed at improving the HRQoL of individuals with
cognitive impairment and optimising the equitable allocation of resources within the healthcare

system.

9.4 Policy implications

This thesis provides several policy-relevant insights derived from six interconnected studies,
each addressing different aspects of dementia and cognitive impairment in the Australian
context. The findings emphasise the importance of targeted interventions, integrated healthcare
strategies, and socio-environmental improvements to mitigate risk factors, enhance health
outcomes, and improve the quality of life for older Australians. The key policy implications

are outlined below.
9.4.1 Addressing dementia risk in urban environments

The findings in Chapter 3 (Paper 1) indicate that residents of major cities are at a higher risk
of developing dementia. To address this, policymakers should consider expanding urban green
spaces and increasing tree coverage in cities to promote physical activity, social interaction,
and mental well-being while reducing exposure to air pollution. Local councils can develop
dedicated urban forest strategies or embed urban forest conservation within urban planning
frameworks to create healthier living environments. Furthermore, state and territory
governments should allocate additional funding to enhance vital services for older adults,
including memory clinics, geriatric assessments, mental health services, and home care visits.
These efforts will not only reduce dementia risk but also improve the quality of life for older

Australians.
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9.4.2 Prioritising chronic pain management

Chapter 4 (Paper 2) highlights chronic pain as a significant risk factor for dementia,
emphasising the need for personalised and proactive healthcare strategies for managing chronic
pain. Policymakers should prioritise chronic pain management programs, particularly for high-
risk populations, to mitigate its cognitive and psychological impacts. Early intervention
strategies can reduce the long-term cognitive decline associated with chronic pain and enhance

healthcare decision-making for vulnerable groups.
9.4.3 Mitigating self-care limitations in individuals with dementia and chronic pain

Chapter 5 (Paper 3) reveals that the co-occurrence of dementia and chronic pain significantly
exacerbates self-care limitations. Policies should focus on identifying factors contributing to
severe self-care limitations and developing prevention and treatment programs to address these
challenges. Supporting individuals with dementia and chronic pain can minimise the negative
outcomes in their personal, social, and professional lives while improving overall care

outcomes.
9.4.4 Reducing socio-economic inequalities in HRQoL

Findings from Chapter 6 (Paper 4) demonstrate that individuals from lower SES groups
experience lower HRQoL, with cognitive impairment contributing significantly to this
inequality. Policies aimed at reducing these disparities should prioritise support for vulnerable
populations, particularly individuals with cognitive impairment from low SES backgrounds.
Measures such as targeted social assistance programs, including cash transfers or housing
subsidies, can help alleviate the economic burdens and improve HRQoL for these groups.

9.4.5 Improving health outcomes for individuals with cognitive impairment

Chapter 7 (Paper 5) underscores the association between cognitive impairment and poor health
outcomes. Disability prevention strategies should incorporate assessments of health outcomes
into care and support plans for older adults with cognitive impairment. Policymakers should
prioritise early interventions to address cognitive decline, improve satisfaction with health, and
prevent future disabilities. A coordinated approach involving clinicians, researchers, and
government agencies is essential to implement effective prevention and treatment strategies for

this population.
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9.4.6 Promoting Physical Activity to Enhance HRQoL

Chapter 8 (Paper 6) identifies the positive relationship between physical activity and improved
HRQoL for individuals with cognitive impairment. To leverage this finding, healthcare
professionals should play a central role in providing tailored guidance and support to encourage
older adults to engage in recommended physical activity levels. Policymakers can include
physical activity programs in comprehensive care plans and subsidise them through bulk-billed
General Practitioner (GP) services. These initiatives will empower older Australians with
cognitive impairment to enhance their physical and mental well-being, contributing to a

healthier aging population.

By implementing these policy recommendations, Australian healthcare systems and
policymakers can address the growing challenges posed by dementia and cognitive
impairment, improve health outcomes, and enhance the quality of life for older adults. The
findings of this thesis provide a robust foundation for evidence-based policy development in

these critical areas.

In summary, this research presents several novel contributions. It is the first study to investigate
the association between geographic remoteness and dementia prevalence in Australia using a
nationally representative dataset. It is also the first Australian study to establish a correlation
between chronic pain and dementia, examining variations across age and gender. Furthermore,
this research is the first in Australia to investigate the combined impact of dementia and chronic
pain on self-care limitations. The study is the first to utilise the HILDA dataset to decompose
the contribution of cognitive impairment to pro-rich inequality in HRQoL. It is among the first
in Australia to investigate the impact of cognitive impairment on health outcomes using
nationally representative data. Finally, this research is the first in Australia to explore the long-
term relationship between physical activity and HRQoL in older Australians with cognitive

impairment.

9.5 Limitations and future work directions

The limitations of this thesis have been discussed in detail in each chapter, but several
overarching challenges warrant mention. A key limitation is the potential vulnerability of the
findings to self-reporting and proxy reporting biases, particularly among individuals with
dementia. Cognitive decline often leads to prolonged and uncertain diagnosis processes,

exacerbated by the stigma associated with dementia, which may discourage individuals from
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identifying their condition. As a result, cases of mild and moderate dementia may be
underestimated, particularly within household populations. Additionally, self-reported
measures of HRQoL and other health outcomes (i.e., general health, mental health, health
satisfaction, and self-assessed health) may have been subject to social desirability bias,
potentially inflating health outcome scores. Furthermore, while cognitive assessments such as
the BDS and the SDMT offered valuable insights into core cognitive processes, they may not
have fully captured the broader cognitive profiles of individuals with MCI or dementia, which
often include significant memory deficits. Finally, the cross-sectional and unbalanced
longitudinal study designs limited the ability to establish causal relationships. In particular, the
bidirectional nature of the relationship between chronic pain and dementia could not be fully
explored, leaving temporality and reverse causality unaddressed. These limitations underscore
the need for caution in interpreting the findings and highlight opportunities for further research.

The findings of this thesis underscore several promising directions for future research. First,
enhancing pain management in older adults by refining estimates of chronic pain prevalence,
uncovering its links to cognitive decline, and developing safer, tailored treatment options is
essential. Longitudinal studies should further investigate the bidirectional relationship between
chronic pain and dementia to establish temporality and clarify reverse causation, paving the
way for early prevention and intervention strategies. Incorporating memory-focused cognitive
assessments such as Montreal Cognitive Assessment (MoCA), Mini-Mental Status
Examination (MMSE), or Saint Louis University Mental Status (SLUMS) examination could
offer a more comprehensive understanding of cognitive impairment and improve comparability
with existing literature. Future research should also account for a broader range of socio-
economic and contextual factors to elucidate more effectively the complex interplay among
cognitive impairment, HRQoL, and health outcomes. Differentiating between
neurodegenerative cognitive impairments and other forms, such as lifelong learning
disabilities, could provide more generalisable insights and allow an in-depth exploration of
varying cognitive trajectories. Finally, identifying modifiable risk factors and underlying
mechanisms linking cognitive impairment to health outcomes is vital for developing
preventative strategies to improve the health and well-being of individuals at risk of or living
with cognitive impairment and dementia. These research directions collectively aim to advance

understanding and inform evidence-based interventions.

Building upon the findings and limitations of the research outlined above, several future

research directions for Australian policy contexts can be identified:
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An important avenue for future research could be to examine the recovery trajectory of HRQoL
following the onset of dementia. Rather than estimating average effects, future studies should
investigate how HRQoL evolves on a year-by-year basis after a dementia diagnosis. This would
enable researchers to quantify the proportion of quality of life loss attributable to dementia
during the first, second, third year, and beyond. Such longitudinal insights are essential for
understanding whether, and at what point, quality of life begins to stabilise or improve, which
in turn has significant implications for the design of cost-effective support strategies. Given the
increasing prevalence of dementia and the constraints on healthcare resources, identifying the
most critical periods for intervention could help policymakers target support more effectively.
Moreover, this approach could inform the evaluation of care models and pharmacological
interventions aimed at improving or maintaining HRQoL among individuals living with

dementia.

Research can explore the potential impact of climate change-related factors such as extreme
heat events, air pollution, and natural disasters on dementia prevalence and progression in
Australia. This research can inform policies aimed at climate change mitigation and adaptation,
particularly those focused on protecting vulnerable populations and enhancing resilience in the

face of climate-related health challenges.

Research can investigate the relationship among social isolation, loneliness, and cognitive
decline in the Australian context. This research can help shape policies that promote social
connectedness among older adults, such as community engagement programs, social support

services, and the use of technologies to combat social isolation.

Research can be undertaken to conduct rigorous evaluations of innovative interventions aimed
at improving the quality of life for people with dementia and their caregivers, such as cognitive
stimulation therapy, music therapy, and technology-assisted therapy. This research can inform
the development and implementation of successful and cost-effective interventions within the

Australian healthcare system.

Research can look at the possible role of traditional Indigenous knowledge and practices in
dementia prevention and care within Aboriginal and Torres Strait Islander communities. This
research can inform culturally appropriate and sensitive dementia care models that respect and

incorporate Indigenous knowledge systems.

Research can also explore the broader economic burden of dementia and cognitive impairment

in Australia. Beyond healthcare costs, this could include indirect costs such as informal
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caregiving, reduced quality of life, and productivity losses—especially among those diagnosed
before age 65. A comprehensive cost analysis would better inform policy decisions and support

the development of more effective and economically sustainable interventions.

9.6 Conclusions

The prevalence of dementia is rising in Australia, presenting significant challenges for
individuals, families, and policymakers. While many factors are associated with the incidence
of dementia, few studies have comprehensively explored geographic remoteness and chronic
pain as risk factors of dementia using nationally representative data. Furthermore, limited
research has examined the adverse health outcomes of dementia and cognitive impairment or

identified actionable strategies to improve the HRQoL of affected individuals.

This thesis addresses these gaps through six studies, drawing on data from the nationally
representative SDAC and the HILDA survey. Employing both cross-sectional and longitudinal
research designs, the thesis is structured into three themes. Theme I explores the prevalence of
dementia in Australia, with a particular focus on its association with geographic remoteness.
Additionally, it examines the variations in the relationship between chronic pain and dementia
across different age groups and genders. Theme II examines the adverse health outcomes
associated with dementia and cognitive impairment, emphasising self-care limitations,
different health outcomes, and socio-economic inequalities in HRQoL through decomposition
analysis. Theme III explores pathways to improving cognitive health, highlighting the role of

physical activity in enhancing HRQoL among individuals with cognitive impairment.

The findings presented in this thesis carry substantial policy implications. They provide
Australian policymakers with critical evidence on the rising prevalence of dementia, its
associated risk factors, and its widely ranging impacts on individuals and communities.
Moreover, the research underscores the need for targeted interventions to mitigate the adverse
health outcomes of dementia and cognitive impairment and promote better quality of life for

affected populations.

It 1s anticipated that the insights from this thesis will contribute to shaping evidence-based
policies aimed at slowing the rising prevalence of dementia, reducing its adverse health
impacts, and fostering healthier, more supportive environments for individuals living with

cognitive impairment.
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APPENDIX A

This appendix showcases the media coverage received by Paper 1 (Chapter 3) included in this
thesis. The study (Paper 1, Chapter 3), entitled Changes in the Prevalence of Dementia in
Australia and its Association with Geographic Remoteness gained widespread media attention

following a media release entitled “People in major cities more likely to develop dementia,

study finds” developed by the Media & Communications team, UniSQ which was first offered
as an exclusive to AAP. After its publication on 22 November 2023, the story gained significant

traction, resulting in over 150 media mentions across electronic (including 7 News Australia),

print (including The Daily Mail, The Telegraph, The Herald Sun, The Canberra Times, The

Chronicle, The Newcastle Herald, National Seniors Australia, The Border Mail, The Courier,
and The New Daily), and other broadcast outlets (including ABC New England North West
AM, ABC Riverina, and ABC Central West NSW Radio). It resulted in a potential total reach
of 106,907,627, with an estimated advertising value equivalency (AVE) of $985,721.50.

This appendix includes a selection of newspaper clippings and images from television
interviews, highlighting the broad public engagement with and impact of this research.
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Rezwanul Haque’s research findings were featured in 7 News telecasted on 23
November 2023

REZWANUL HAQUE
RFSEARCHER

» Pl <) 0537159

Australian study reveals city people are more likely to develop dementia 7 News Australia
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Rezwanul Haque’s research findings were featured in the Daily Mail on 22 November

2023.

11/22/23, 9:15 PM
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Rural residents have lower risk of dementia: study | Daily Mail Online
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Rural residents have lower risk of
dementia: study

By AUSTRALIAN ASSOCIATED PRESS
PUBLISHED: 03:36 AEDT, 22 November 2023 | UPDATED: 03:36 AEDT, 22 November 2023

People living in country Australia have a lower risk of dementia than their city peers,
possibly because they have cleaner air and more green spaces, a study suggests.

An analysis of the most recent national Survey of Disability, Ageing and Carers found

adults over 65 living in major cities were 1.12 times more likely to develop the brain
disorder.

The University of Southern Queensland study is the first to look at the geography of
dementia prevalence using national data from both households and care facilities.
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Environmental factors could influence the higher rates in the cities, lead author and
PhD student Rezwanul Haque wrote.

"For example, earlier research identified chronic noise exposure, air pollution, and a
paucity of green space as probable risk factors for cognition reduction, which are
more prevalent in metropolitan areas," the study said.

A 2020 University of Wollongong study of nearly 110,000 NSW adults found
increasing urban tree canopy cover could help lower the risk of dementia.

The results of the University of Southern Queensland research, published in the
PLOS One science journal, defied expectations in one area of rural health, research
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Rezwanul Haque’s research findings were featured in the Telegraph on 22 November

11/22/23, 9:13 PM

2023.

Rural residents have lower risk of dementia: study | Seymour Telegraph
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Rural residents have
lower risk of dementia:
study

By AAP Newswire
9 Nov 22, 2023 f | L 4 I &4

Research points to the value of maintaining green space in cities, where
dementia risk may be higher -AAP Image

People living in country Australia have a lower risk of dementia than
their city peers, possibly because they have cleaner air and more
green spaces, a study suggests.

An analysis of the most recent national Survey of Disability, Ageing
and Carers found adults over 65 living in major cities were 1.12 times
more likely to develop the brain disorder.

The University of Southern Queensland study is the first to look at the
geography of dementia prevalence using national data from both
households and care facilities.

Environmental factors could influence the higher rates in the cities,
lead author and PhD student Rezwanul Haque wrote.

https://www.seymourtelegraph.com.au/national/rural-residents-have-lower-risk-of-dementia-study/

1/5

153



Rezwanul Haque’s research findings were featured in the NEWCASTLE Herald on 22
November 2023.

11/22/23, 9:112 PM Rural residents have lower risk of ia: study | Herald | . NSW
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Rural residents have lower risk of dementia: study
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O Research points to the value of maintaining green space in cities, where dementia risk may be higher (Blanca De
Marchi/AAP PHOTOS)

People living in country Australia have a lower risk of dementia than
their city peers, possibly because they have cleaner air and more green
spaces, a study suggests.

An analysis of the most recent national Survey of Disability, Ageing and
Carers found adults over 65 living in major cities were 1.12 times more
likely to develop the brain disorder.

The University of Southern Queensland study is the first to look at the
geography of dementia prevalence using national data from both
households and care facilities.

Environmental factors could influence the higher rates in the cities,
lead author and PhD student Rezwanul Haque wrote.

""For example, earlier research identified chronic noise exposure, air
pollution, and a paucity of green space as probable risk factors for
cognition reduction, which are more prevalent in metropolitan areas,"
the study said.

A 2020 University of Wollongong study of nearly 110,000 NSW adults
found increasing urban tree canopy cover could help lower the risk of
dementia.

The results of the University of Southern Queensland research,
published in the PLOS One science journal, defied expectations in one
area of rural health, research supervisor Professor Khorshed Alam said.

"The traditional view is that people who are living in rural and remote
areas should have more dementia prevalence, but this study is saying
the opposite," Prof Alam told AAP.

He said the research could be used to better inform public policy and
planning,.

"In our traditional decision-making and urban land use planning, we
don't pay enough attention to green spaces, playgrounds and urban
forestry," Prof Alam said.

""We think converting them into more commercial uses has value, but
maintaining forestry spaces, green space or walkways has intrinsic

https:/iww com.au/story/84 sidents-h: | isk-of- tudy 14
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Rezwanul Haque’s research findings were featured in the Chronicle on 23 November
2023.

23 Nov 2023

Article type: Publication
Page: 6

Chronicle, The
Readership: 49000
AVE: $82.63

page 1 of 1

HEALTH

Dementia risk
from city life

Australians who crave city life
could be putting themselves
at a greater risk of suffering
from dementia.

Cityslickers are 1.12 times
more likely to develop the
serious brain disorder
compared with their regional
counterparts, new research by
the University of Southern
Queensland has found.

The study found dementia
rates across Australia
increased from 0.84 per cent
to 0.89 per cent between 2015
and 2018. For people living in
major cities, the prevalence
was 5590 per100,000.
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Rezwanul Haque’s research findings were featured in the Clifton Courier on 29

November 2023.

Dementia less likely in rural areas

Good news for country folk comes from study that suggests Australians who enjoy life

in the bush could be at less risk of suffering from dementia.

New research by the
University of  Southern
Queensland has found city
slickers are 1.12 times more
likely to develop the serious
brain disorder compared to
their regional counterparts,

The study published in
PLOS One was conducted
by PhD student Rezwanul
Haque wusing the latest
available data from the
Survey of Disability, Ageing

and Carers (SDAC), a
nationally representative
database collected by

the Australian Bureau of
Statistics about the health of
the Australian population.

This is the first study to
establish a link between
dementia risk and
geographic remoteness from
an Australian perspective.

Moreover, the study also
explores the recent changes
in dementia prevalence.

For people living in outer
regional and remote areas,
the prevalence was 3,760 per
100,000 in 2018 — a 21 per
cent decrease from 2015,
despite dementia rates across
the population increasing
from 0.84 per cent to 0.89 per
cent.

Conversely, there was
an 11 per cent increase in
dementia among people
living in major cities between
2015 and 2018.

Mr Haque’s supervisor
and co-author Professor
Khorshed Alam said
environmental factors could
be one of the reasons why
people living in the bush
are less likely to develop
dementia.

University of Southern Queensland’s Rezwanul Haque
and Professor Khorshed Alam.

“Earlier research
identified chronic noise
exposure, air pollution and
a paucity of green space
as probable risk factors
for cognition reduction,
which are more prevalent in
metropolitan areas than rural
and remote communities,”
he said.

The strength of the
research was the use of
the SDAC dataset which
included data on dementia
prevalence collected from
both households and cared
accommodation, whereas
previous studies either used
data that didn’'t present
geographical differences or
were  conducted  using
routinely collected aged care
institutional data.

Despite regional areas
seeing a decline in dementia
prevalence rates, Mr
Haque said dementia was a
significant health problem
among older Australians,
with one in 20 people aged

over 65 nationally having
dementia according to the
SDAC dataset.

“There is currently no cure
for any form of dementia,”

he said.

“Diabetes, high blood
pressure, obesity, under-
nutrition, depression and

brain injuries have increased
over time in Australia, which
may all be a factor in the rise
in dementia rates.

“Australia’s ageing
population is  expected
to grow even older in the
coming decades, which will
drive up dementia rates
and put more pressure on
families, health care systems
and communities.”

The study ‘Changes in
the prevalence of dementia
in  Australia and its
association with geographic
remoteness’ was co-authored
with  Professor Christine
Neville and Professor Jeff
Gow from the University of
Southern Queensland.

156



APPENDIX B

This appendix highlights the media coverage and public engagement generated by the second
paper (Paper 2, Chapter 4) of this thesis, entitled Age and Gender Differences in the
Relationship Between Chronic Pain and Dementia Among Older Adults. This paper gained

widespread media attention following a media release entitled “Link between Chronic Pain and

Increased Risk of Dementia” by the Media & Strategic Communications team, UniSQ in

October 2024. Overall, the media release and interviews generated 28 print (including The

National Tribune, Australian Senior News, Local Ipswich News, Redland City News, Health

Medicine Network, MSN.com, Medical Xpress, and Knowridge), digital, and other broadcast
outlets (including 4BC, 2GB Radio, 2NURFM, 2UE, 4KZ, 990 AM 4RO, 2CC Talking
Canberra, FIVEaa). It resulted in a potential total reach of 127,297,021, with an

estimated advertising value equivalency (AVE) of $1,177,497.

The following section includes selected clippings from newspaper articles illustrating the
extensive reach and impact of this research in raising awareness of the association between

chronic pain and dementia in older adults.
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https://www.unisq.edu.au/news/2024/10/chronic-pain#:~:text=In%20the%20new%20study%2C%20researchers,consistent%20across%20all%20age%20groups.
https://www.nationaltribune.com.au/link-between-chronic-pain-and-increased-risk-of-dementia/
https://www.nationaltribune.com.au/link-between-chronic-pain-and-increased-risk-of-dementia/
https://australianseniorsnews.com.au/uncategorized/call-for-greater-investment-in-chronic-pain-management/
https://ausprint.meltwater.com/print_clip_previewer/502949765?text=on&keywords=dementia%2Cstudy%2CStudy%2CUniversity%2CSouthern%2CQueensland
https://redlandcitynews.com.au/chronic-pain-dementia-link/
https://healthmedicinet.com/chronic-pain-linked-to-increased-risk-of-dementia-in-older-australians/
https://healthmedicinet.com/chronic-pain-linked-to-increased-risk-of-dementia-in-older-australians/
https://www.msn.com/en-us/health/other/chronic-pain-linked-to-increased-risk-of-dementia-in-older-australians/ar-AA1rBmRw
https://medicalxpress.com/news/2024-10-chronic-pain-linked-dementia-older.html#google_vignette
https://knowridge.com/2024/10/scientists-link-chronic-pain-to-higher-dementia-risk-in-older-people/
https://usqassist.custhelp.com/rd?1=AvNs~wphDv8S~xb~Gv_4~yJhWssqDjn7OFVygD7~Pv_7&2=95790
https://transition.meltwater.com/paywall/redirect/XhGEGKtkJEp5sxP5QEyKmOaLms4?keywords=Queensland,study,University,Southern,dementia&cid=04d1bb0a-1e8b-4ad3-8dcc-26d46150e7b5&productType=content-stream
https://broadcast.meltwater.com/public/segment/?U3RhdGlvbj0xMDAmU3RhcnREYXRlVGltZT0yMDI0LTEwLTAyVDIzJTNBMDAlM0EyMC4wMDAlMkIxMCUzQTAwJkVuZERhdGVUaW1lPTIwMjQtMTAtMDJUMjMlM0ExMCUzQTIwLjAwMCUyQjEwJTNBMDAmUGxheVN0YXJ0UmVnZXg9UXVlZW5zbGFuZCU3Q3N0dWR5JTdDVW5pdmVyc2l0eSU3Q1NvdXRoZXJuJTdDZGVtZW50aWEmUGxheVN0YXJ0UmVnZXhQcmVyb2xsPTE1JkR1cmF0aW9uPTYwMDAwMCZIaWdobGlnaHRSZWdleD1RdWVlbnNsYW5kJTdDc3R1ZHklN0NVbml2ZXJzaXR5JTdDU291dGhlcm4lN0NkZW1lbnRpYSZTaWduYXR1cmU9RjEwOTU5N0U1RjZCOEI5NUE0RUE2RUNBMkE3QzIzNjM%3D=
https://broadcast.meltwater.com/public/segment/?U3RhdGlvbj04MiZTdGFydERhdGVUaW1lPTIwMjQtMTAtMDJUMjMlM0EwMCUzQTEzLjAwMCUyQjEwJTNBMDAmRW5kRGF0ZVRpbWU9MjAyNC0xMC0wMlQyMyUzQTEwJTNBMTMuMDAwJTJCMTAlM0EwMCZQbGF5U3RhcnRSZWdleD1zdHVkeSU3Q1F1ZWVuc2xhbmQlN0NVbml2ZXJzaXR5JTdDU291dGhlcm4lN0NkZW1lbnRpYSZQbGF5U3RhcnRSZWdleFByZXJvbGw9MTUmRHVyYXRpb249NjAwMDAwJkhpZ2hsaWdodFJlZ2V4PXN0dWR5JTdDUXVlZW5zbGFuZCU3Q1VuaXZlcnNpdHklN0NTb3V0aGVybiU3Q2RlbWVudGlhJlNpZ25hdHVyZT1ERjk2OTRGOTg4OUVEMEFFRDk2N0QzRTc0OUUxQkVBOA%3D%3D=
https://broadcast.meltwater.com/public/segment/?U3RhdGlvbj0yNTYxMCZTdGFydERhdGVUaW1lPTIwMjQtMTAtMDJUMjMlM0EwMCUzQTA0LjAwMCUyQjEwJTNBMDAmRW5kRGF0ZVRpbWU9MjAyNC0xMC0wMlQyMyUzQTEwJTNBMDQuMDAwJTJCMTAlM0EwMCZQbGF5U3RhcnRSZWdleD1zdHVkeSU3Q1F1ZWVuc2xhbmQlN0NVbml2ZXJzaXR5JTdDU291dGhlcm4lN0NkZW1lbnRpYSZQbGF5U3RhcnRSZWdleFByZXJvbGw9MTUmRHVyYXRpb249NjAwMDAwJkhpZ2hsaWdodFJlZ2V4PXN0dWR5JTdDUXVlZW5zbGFuZCU3Q1VuaXZlcnNpdHklN0NTb3V0aGVybiU3Q2RlbWVudGlhJlNpZ25hdHVyZT1CNjQzQjBEQUM3RUIzRTUzMDRBNjI4NjBCNjFENjA5Qg%3D%3D=
https://broadcast.meltwater.com/public/segment/?U3RhdGlvbj0xNjA4MCZTdGFydERhdGVUaW1lPTIwMjQtMTAtMDJUMjMlM0EwMCUzQTA0LjAwMCUyQjEwJTNBMDAmRW5kRGF0ZVRpbWU9MjAyNC0xMC0wMlQyMyUzQTEwJTNBMDQuMDAwJTJCMTAlM0EwMCZQbGF5U3RhcnRSZWdleD1zdHVkeSU3Q1VuaXZlcnNpdHklN0NTb3V0aGVybiU3Q1F1ZWVuc2xhbmQlN0NkZW1lbnRpYSZQbGF5U3RhcnRSZWdleFByZXJvbGw9MTUmRHVyYXRpb249NjAwMDAwJkhpZ2hsaWdodFJlZ2V4PXN0dWR5JTdDVW5pdmVyc2l0eSU3Q1NvdXRoZXJuJTdDUXVlZW5zbGFuZCU3Q2RlbWVudGlhJlNpZ25hdHVyZT1GNTJCQUM1NTJFRkM0Qjc0NTg2NUVERDlFNUFDNjJEOA%3D%3D=
https://broadcast.meltwater.com/public/segment/?U3RhdGlvbj0xNTY3MCZTdGFydERhdGVUaW1lPTIwMjQtMTAtMDJUMjMlM0EwMCUzQTAxLjAwMCUyQjEwJTNBMDAmRW5kRGF0ZVRpbWU9MjAyNC0xMC0wMlQyMyUzQTEwJTNBMDEuMDAwJTJCMTAlM0EwMCZQbGF5U3RhcnRSZWdleD1zdHVkeSU3Q1F1ZWVuc2xhbmQlN0NVbml2ZXJzaXR5JTdDU291dGhlcm4lN0NkZW1lbnRpYSZQbGF5U3RhcnRSZWdleFByZXJvbGw9MTUmRHVyYXRpb249NjAwMDAwJkhpZ2hsaWdodFJlZ2V4PXN0dWR5JTdDUXVlZW5zbGFuZCU3Q1VuaXZlcnNpdHklN0NTb3V0aGVybiU3Q2RlbWVudGlhJlNpZ25hdHVyZT02MjdENTM0QTM4N0UzMEYwRUQxRTFENzA0QTAzRkRBNw%3D%3D=
https://broadcast.meltwater.com/public/segment/?U3RhdGlvbj0xNTY3MCZTdGFydERhdGVUaW1lPTIwMjQtMTAtMDJUMjMlM0EwMCUzQTAxLjAwMCUyQjEwJTNBMDAmRW5kRGF0ZVRpbWU9MjAyNC0xMC0wMlQyMyUzQTEwJTNBMDEuMDAwJTJCMTAlM0EwMCZQbGF5U3RhcnRSZWdleD1zdHVkeSU3Q1F1ZWVuc2xhbmQlN0NVbml2ZXJzaXR5JTdDU291dGhlcm4lN0NkZW1lbnRpYSZQbGF5U3RhcnRSZWdleFByZXJvbGw9MTUmRHVyYXRpb249NjAwMDAwJkhpZ2hsaWdodFJlZ2V4PXN0dWR5JTdDUXVlZW5zbGFuZCU3Q1VuaXZlcnNpdHklN0NTb3V0aGVybiU3Q2RlbWVudGlhJlNpZ25hdHVyZT02MjdENTM0QTM4N0UzMEYwRUQxRTFENzA0QTAzRkRBNw%3D%3D=
https://broadcast.meltwater.com/public/segment/?U3RhdGlvbj04NSZTdGFydERhdGVUaW1lPTIwMjQtMTAtMDJUMjElM0EwMiUzQTI0LjAwMCUyQjA5JTNBMzAmRW5kRGF0ZVRpbWU9MjAyNC0xMC0wMlQyMSUzQTEyJTNBMjQuMDAwJTJCMDklM0EzMCZQbGF5U3RhcnRSZWdleD1zdHVkeSU3Q1VuaXZlcnNpdHklN0NTb3V0aGVybiU3Q1F1ZWVuc2xhbmQlN0NkZW1lbnRpYSZQbGF5U3RhcnRSZWdleFByZXJvbGw9MTUmRHVyYXRpb249NjAwMDAwJkhpZ2hsaWdodFJlZ2V4PXN0dWR5JTdDVW5pdmVyc2l0eSU3Q1NvdXRoZXJuJTdDUXVlZW5zbGFuZCU3Q2RlbWVudGlhJlNpZ25hdHVyZT04RjlCMTJDODM0ODYzNDQ0ODlGODM3QTg0NUZENTJENA%3D%3D=

Rezwanul Haque’s research findings were featured in the Local Ipswich News on 17
October 2024.

Study finds chronic pain
linked with dementia

OLDER Australians suffer-
ing from chronic pain face a
significantly increased risk
of dementia, according to a
new University of Southern
Queensland-led study.

About one-third of older
people are believed to be liv-
ing with chronic pain, while
the number of people with
dementia, which is consid-
ered an age-related disease,
continues to rise.

In the new study, research-
ers found that after adjusting
for several individual factors,
including age and gender, the
risk of dementia was almost
two times higher in older
Australians with chronic pain
compared to those without
chronic pain. The increase in
risk was consistent across all
age groups.

The researchers say this
is the first study in Australia
to establish a correlation
between chronic pain and
dementia.

Rezwanul Haque, a PhD
student in health economics,
led the study, which was pub-
lished in Value in Health.

He said there were several
possible reasons why older
people with chronic pain
were subject to an increased
risk of dementia.

These include disruptions
in attention and memory,
impaired decision-making
abilities, decreased process-
ing speed and psychomotor
speed, and increased stress
levels that may trigger the
release of cortisol, which is
associated with degenera-
tion of the hippocampus and
memory problems, as well

University of Southern Queensland PhD student Rezwanul

Haque was the study’s lead.
as other underlying health
conditions.

“During instances of
chronic pain, nerve endings
provide quick pain signals to
the brain to prompt necessary
remedial responses, and this
process depletes the neuronal
resources that are also en-
gaged in cognitive activities,”
Mr Haque said.

“Furthermore, the existence
of chronic pain can disrupt
the brain’s natural pain-relief
system, which may lead to
poor cognitive outcomes such
as loss of working and long-
term memory.”

For the study, the research-
ers analysed data from more

than 40,000 adults aged 65
and older who participated
in nationally representative
surveys in 2015 and 2018.

“While there is a growing
recognition of the complex
link between chronic pain and
cognitive decline, we were
absolutely surprised by the
magnitude of the difference in
the results,” Mr Haque said.

“It’s a striking reminder
that chronic pain may be a
more serious dementia risk
factor than previously antic-
ipated.”

Mr Haque said the results
highlighted the urgent need
for a comprehensive health-
care approach to chronic pain

management in older adults.

“Chronic pain is a common
problem among elderly Aus-
tralians but is not recognised
as a national public health
priority,” he said.

“A continuous, aligned
and personalised healthcare
strategy is needed to establish
chronic pain management pri-
orities, especially in groups
with the greatest need.

“Many people who experi-
ence chronic pain are unable
to access best practices in
pain management, either be-
cause of financial constraints
or a lack of knowledge about
available alternatives. The
disparity is even more pro-
nounced in rural and remote
regions.

“A proactive approach to
chronic pain management
might not only minimise po-
tential cognitive decline asso-
ciated with chronic pain, but
ultimately inform healthcare
decisions by prioritising early
interventions to reduce future
cognitive complications.”

Mr Haque emphasised that
more research was needed
to understand the underlying
processes of pain in the con-
text of aging and dementia,
and to foster the development
and progression of safer and
more effective treatment
options.

The study was co-authored
with Professor Khorshed
Alam, Professor Jeffrey
Gow and Professor Christine
Neville from the University
of Southern Queensland,
and Dr Syed Afroz Kera-
mat from The University of
Queensland.
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Rezwanul Haque’s research findings were featured in the Redland Bayside News on 17
October 2024.

10/30/24, 5:45 PM Chronic Pain in Older Australians Linked to Higher Dementia Risk

Study finds chronic pain linked with dementia

Redland City News

A =S

——  University of Southern Queensland PhD student Rezwanul Haque was the study’s lead.

OLDER Australians suffering from chronic pain face a significantly increased risk of dementia,
according to a new University of Southern Queensland-led study.

About one-third of older people are believed to be living with chronic pain, while the number of
people with dementia, which is considered an age-related disease, continues to rise.

In the new study, researchers found that after adjusting for several individual factors, including age
and gender, the risk of dementia was almost two times higher in older Australians with chronic pain

compared to those without chronic pain. The increase in risk was consistent across all age groups.

The researchers say this is the first study in Australia to establish a correlation between chronic pain
and dementia.

Rezwanul Haque, a PhD student in health economics, led the study, which was published in Value in
Health.

https://redlandcitynews.com.au/chronic-pain-dementia-link/ 1/3
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10/30/24, 5:53 PM Call for greater i
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Call for greater investment in chronic pain management
October 2, 2024

Older Australians suffering from chronic pain face a significantly increased risk of dementia. according to a new

University of Southern Queensland-led (UniSQ) study.

About one-third of older people are believed to be living with chronic pain, while the number of people with

which is i an ag lated disease, i to rise.

In the new study, researchers found that after adjusting for several individual factors, including age and gender,
the risk of dementia was almost two times higher in older Australians with chronic pain compared to those
without chronic pain. The increase in risk was consistent across all age groups.

in chronic pain - ian Seniors News

1/3

10/30/24, 5:53 PM

Study author, University of Southern Queensland PhD student Rezwanul
Haque.

The researchers say this is the first study in Australia to establish a correlation between chronic pain and
dementia.

Rezwanul Haque, a PhD student in health economics, led the study, which was published in Value in Health.

He said there were several possible reasons why older people with chronic pain were subject to an excess risk of
dementia.

These include disruptions in attention and memory, impaired decisi king abilities, i ing
speed and psychomotor speed, and increased stress levels that may trigger the release of cortisol, which is
with deg ion of the

1s and memory problems, as well as other underlying health
conditions.

“During instances of chronic pain, nerve endings provide quick pain signals to the brain to prompt necessary

remedial responses, and this process depletes the neuronal that are also in
activities,” Mr Haque said.

“Furthermore, the existence of chronic pain can disrupt the brain’s natural pain-relief system, which may lead to
poor cognitive outcomes such as loss of working and long-term memory.”

For the study, the researchers analysed data from more than 40,000 adults aged 65 and older who participated
in nationally representative surveys in 2015 and 2018.

“While there is a growing recognition of the complex link between chronic pain and cognitive decline, we were
absolutely i by the i of the in the results,” Mr Haque said.

“It's a striking reminder that chronic pain may be a more serious dementia risk factor than previously
anticipated.”

Mr Haque said the results highlighted the urgent need for a i 1 to chronic pain

management in older adults.

“Chronic pain is a common problem among elderly Australians but is not recognised as a national public health
priority.” he said.

“A continuous, aligned and personalised healthcare strategy is needed to lish chronic pain it
priorities, especially in groups with the greatest need.

https: com. g p

Call for greater investment in chronic pain management - Australian Seniors News
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APPENDIX C

This appendix includes supplementary materials related to Paper 3 of this thesis, presented in
Chapter 5. These documents provide additional details that enhance the main findings of the

study and support the methodologies, analyses, and interpretations discussed in the chapter.

Note: The table and figure numbers align with those referenced in the chapter for

consistency.
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Supplementary document

Appendix Table Al: Bivariate analysis among dementia, chronic pain and other covariates with self-care limitations

2015

Weighted % (95% CI)

2018

Weighted % (95% CI)

Characteristics

No limitation

Moderate or mild

Profound or severe

Value

No limitation

Moderate or mild

Profound or severe

Value

Dementia
No

Yes

Chronic Pain
No

Yes

Age

65-69

70-74

75-79

80-84

85 and above
Gender
Male

Female

82.26 (81.44-83.04)
17.54 (14.41-21.19)

89.52 (88.74-90.24)
57.03 (55.29-58.74)

89.42 (88.26-90.48)
85.20 (83.62-86.66)
80.01 (78.07-81.81)
68.68 (66.04-71.2)
49.85 (47.19-52.5)

82.91 (81.80-83.97)
75.50 (74.37-76.59)

Accessibility and remoteness index

Major cities in Australia
Inner regional Australia
Outer regional and remote
area

Country of Birth

Australia

English Speaking Countries
Non-English-speaking
countries

State or territory

New South Wales

Victoria

Queensland

South Australia

Western Australia
Tasmania

Northern Territory
Australian Capital Territory

79.20 (78.20-80.17)
77.67 (75.83-79.41)

79.95 (77.59-82.13)

78.60 (77.58-79.59)
82.34 (80.38-84.13)

77.66 (75.74-79.46)

79.04 (77.47-80.53)
76.68 (74.88-78.39)
81.40 (79.59-83.09)
76.41 (74.17-78.51)
82.53 (80.49-84.41)
75.87 (72.50-78.95)
85.41 (79.96-89.57)
79.16 (75.67-82.28)

8.80 (8.20-9.44)
8.18 (6.07-10.94)

4.59 (4.08-5.16)
17.46 (16.10-18.90)

5.48 (4.70-6.38)
7.81 (6.69-9.09)
10.02 (8.60-11.64)
12.61 (10.75-14.73)
13.34 (11.51-15.41)

6.67 (5.94-7.49)
10.60 (9.76-11.51)

8.30 (7.61-9.05)
10.11 (8.79-11.6)

9.03 (7.44-10.92)

9.23 (8.48-10.04)
9.09 (7.66-10.77)

7.11 (6.05-8.34)

7.88 (6.85-9.05)
9.87 (8.60-11.3)
7.77 (6.57-9.18)
10.89 (9.23-12.81)
8.46 (7.01-10.18)
11.27 (8.99-14.05)
4.60 (2.54-8.18)
10.11 (7.74-13.10)

8.94 (8.41-9.50)
74.28 (70.32-77.88)

5.90 (5.39-6.44)
25.52 (24.18-26.90)

5.10 (4.38-5.92)
6.99 (6.04-8.08)
9.98 (8.8-11.29)
18.71 (16.79-20.81)
36.81 (34.57-39.12)

10.41 (9.62-11.26)
13.90 (13.13-14.7)

12,50 (11.79-13.25)
12.22 (11.09-13.46)

11.02 (9.62-12.59)

12.17 (11.49-12.88)
8.57 (7.50-9.78)

15.23 (13.75-16.84)

13.08 (11.97-14.28)
13.45 (12.28-14.72)
10.82 (9.67-12.09)
12.70 (11.32-14.22)
9.00 (7.82-10.35)
12.85 (10.78-15.25)
9.99 (6.59-14.86)
10.72 (8.64-13.24)

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

82.68 (81.79-83.53)
22.89 (19.02-27.28)

89.34 (88.50-90.13)
57.11 (55.24-58.96)

88.59 (87.26-89.80)
86.95 (85.45-88.32)
79.53 (77.39-81.51)
70.08 (67.33-72.69)
51.35 (48.43-54.26)

82.54 (81.33-83.68)
76.92 (75.74-78.06)

79.61 (78.52-80.66)
78.94 (77.05-80.72)

80.48 (77.86-82.86)

78.60 (77.58-79.59)
82.34 (80.38-84.13)

77.66 (75.74-79.46)

80.69 (79.17-82.12)
79.00 (77.20-80.70)
79.58 (77.64-81.38)
76.55 (71.78-80.73)
80.61 (78.57-82.49)
76.86 (72.02-81.08)
76.55 (60.58-87.40)
78.53 (72.90-83.25)

9.30 (8.63-10.03)
7.44 (5.50-9.98)

5.23 (4.63-5.90)
18.32 (16.83-19.91)

6.39 (5.48-7.44)
7.18 (6.09-8.45)
9.87 (8.43-11.53)
14.42 (12.38-16.72)
14.22 (12.14-16.59)

7.71 (6.86-8.66)
10.52 (9.64-11.48)

8.88 (8.09-9.74)
10.4 5(9.05-12.03)

8.60 (6.93-10.62)

9.23 (8.48-10.04)
9.09 (7.66-10.77)

7.11 (6.05-8.34)

8.26 (7.23-9.42)
9.37 (8.14-10.76)
9.04 (7.72-10.55)

11.42 (8.07-15.92)
9.76 (8.29-11.46)
11.80 (8.79-15.66)
10.70 (3.61-27.73)
9.07 (5.88-13.73)

8.02 (7.49-8.58)
69.68 (65.29-73.73)

5.43 (4.92-5.99)
24.57 (23.17-26.02)

5.02 (4.23-5.94)
5.87 (5.03-6.83)
10.60 (9.21-12.18)
15.50 (13.76-17.42)
34.43 (32.00-36.94)

9.75 (8.96-10.61)
12.56 (11.78-13.38)

11.51 (10.79-12.26)
10.61 (9.50-11.83)

10.92 (9.32-12.76)

12.17 (11.49-12.88)
8.57 (7.50-9.78)

15.23 (13.75-16.84)

11.06 (10.08-12.12)
11.63 (10.49-12.88)
11.39 (10.14-12.77)
12.03 (9.59-14.98)
9.63 (8.40-11.03)
11.34 (8.81-14.50)
12.75 (6.01-25.03)
12.40 (9.10-16.69)

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001
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Appendix Table A2: Weighted sample characteristics of the study variables by dementia status

2015

Weighted % (95% CI)
Dementia status

2018

Weighted % (95% CI)
Dementia status

Pooled
Weighted % (95% CI)
Dementia status

P P P
Characteristics No Yes Value No yes Value No Yes Value
Level of self-care limitations
No limitation 98.87 (98.58-99.10) 1.13(0.9-1.42) <0.001 98.50 (98.13-98.79) 1.50(1.21-1.87) <0.001 98.50 (98.13-98.79) 1.50 (1.21-1.87) <0.001
Mild or moderate 95.25 (93.55-96.52) 4.75 (3.48-6.45) 95.78 (94.26-96.91) 4.22 (3.09-5.74) 95.78 (94.26-96.91) 4.22 (3.09-5.74)
Profound or severe 69.15 (67.20-71.03) 30.85 (28.97-32.80) 67.59 (65.29-69.81) 32.41 (30.19-34.71) 67.59 (65.29-69.81) 32.41 (30.19-34.71)
Chronic pain
No 96.83 (96.43-97.18) 3.17 (2.82-3.57)  <0.001 96.54 (96.06-96.96) 3.46 (3.04-3.94) 96.54 (96.06-96.96) 3.46 (3.04-3.94)
Yes 90.90 (90.15-91.6) 9.10 (8.40-9.85) 90.72 (89.91-91.48) 9.28 (8.52-10.09) 90.72 (89.91-91.48) 9.28 (8.52-10.09)
Age
65-69 99.15 (98.78-99.40) 0.85(0.60-1.22) <0.001 99.13 (98.72-99.41) 0.87 (0.59-1.28)  <0.001 99.13 (98.72-99.41) 0.87 (0.59-1.28) <0.001
70-74 97.80 (97.11-98.33) 2.20(1.67-2.89) 98.01 (97.34-98.51) 1.99 (1.49-2.66) 98.01 (97.34-98.51) 1.99 (1.49-2.66)
75-79 96.10 (95.28-96.79) 3.90 (3.21-4.72) 94.71 (93.61-95.64) 5.29 (4.36-6.39) 94.71 (93.61-95.64) 5.29 (4.36-6.39)
80-84 91.19 (89.79-92.42) 8.81 (7.58-10.21) 91.98 (90.58-93.19) 8.02 (6.81-9.42) 91.98 (90.58-93.19) 8.02 (6.81-9.42)
85 and above 80.93 (79.27-82.48) 19.07 (17.52-20.73) 80.17 (78.14-82.05) 19.83 (17.95-21.86) 80.17 (78.14-82.05) 19.83 (17.95-21.86)
Gender
Male 95.88 (95.35-96.36) 4.12 (3.64-4.65) <0.001 95.26 (94.62-95.83) 4.74 (4.17-5.38) <0.001 95.26 (94.62-95.83) 4.74 (4.17-5.38) <0.001
Female 94.04 (93.55-94.50) 5.96 (5.50-6.45) 94.34 (93.82-94.82) 5.66 (5.18-6.18) 94.34 (93.82-94.82) 5.66 (5.18-6.18)
Accessibility and remoteness
index
Major cities in Australia 94.99 (94.55-95.39) 5.01 (4.61-5.45) <0.001 94.41 (93.88-94.88) 5.59 (5.12-6.12)  <0.001 94.41 (93.88-94.88) 5.59 (5.12-6.12) <0.001
Inner regional Australia 94.48 (93.63-95.23) 5.52 (4.77-6.37) 95.16 (94.30-95.9) 4.84 (4.10-5.70) 95.16 (94.30-95.90) 4.84 (4.10-5.70)
Outer regional and remote area 95.19 (94.12-96.08) 4.81 (3.92-5.88) 96.29 (94.97-97.28) 3.71 (2.72-5.03) 96.29 (94.97-97.28) 3.71 (2.72-5.03)
Country of Birth
Australia 94.80 (94.35-95.22) 5.20 (4.78-5.65)  <0.001 95.27 (94.79-95.7) 4.73 (4.30-5.21) <0.001 95.27 (94.79-95.70) 4.73 (4.30-5.21) <0.001
English Speaking Countries 96.22 (95.49-96.84) 3.78 (3.16-4.51) 95.12 (93.97-96.07) 4.88 (3.93-6.03) 95.12 (93.97-96.07) 4.88 (3.93-6.03)
Non-English-speaking
countries 94.28 (93.38-95.07) 5.72 (4.93-6.62) 92.99 (91.85-93.98) 7.01 (6.02-8.15) 92.99 (91.85-93.98) 7.01 (6.02-8.15)
State or territory
New South Wales 94.64 (93.93-95.28) 5.36 (4.72-6.07) <0.001 94.41 (93.63-95.10) 5.59 (4.9-6.37) <0.001 94.41 (93.63-95.10) 5.59 (4.90-6.37) <0.001

Victoria

Queensland

South Australia

Western Australia
Tasmania

Northern Territory
Australian Capital Territory

95.12 (94.40-95.75)

94.51 (93.57-95.31)
94.45 (93.48-95.29)
96.05 (95.09-96.82)
96.16 (94.92-97.11)
93.69 (89.86-96.13)
95.55 (94.10-96.66)

4.88 (4.25-5.60)

5.49 (4.69-6.43)
5.55 (4.71-6.52)
3.95 (3.18-4.91)
3.84 (2.89-5.08)
6.31 (3.87-10.14)
4.45 (3.34-5.90)

94.36 (93.46-95.15)

94.86 (93.91-95.67)
95.50 (93.61-96.85)
95.57 (94.71-96.29)
96.25 (94.19-97.60)
95.06 (89.08-97.84)
96.91 (95.42-97.93)

5.64 (4.85-6.54)

5.14 (4.33-6.09)
450 (3.15-6.39)
4.43 (3.71-5.29)
3.75 (2.40-5.81)
4.94 (2.16-10.92)
3.09 (2.07-4.58)

94.36 (93.46-95.15)

94.86 (93.91-95.67)
95.50 (93.61-96.85)
95.57 (94.71-96.29)
96.25 (94.19-97.60)
95.06 (89.08-97.84)
96.91 (95.42-97.93)

5.64 (4.85-6.54)

5.14 (4.33-6.09)
4.50 (3.15-6.39)
4.43 (3.71-5.29)
3.75 (2.40-5.81)

4.94 (2.16-10.92)
3.09 (2.07-4.58)

Abbreviation: Cl: Confidence Interval

163



Appendix Table A3: Weighted sample characteristics of the study variables by chronic pain status

2015
Weighted % (95% CI)
Chronic pain status

2018
Weighted % (95% CI)
Chronic pain status

Pooled
Weighted % (95% CI)
Chronic pain status

Characteristics

No

Yes

Value

No

Yes

Value

No

Yes

Value

Level of self-care limitations

No limitation
Mild or moderate
Profound or severe
Dementia

Yes

No

Age

65-69

70-74

75-79

80-84

85 and above
Gender

Male

Female

76.53 (75.46-77.56)
35.31 (31.96-38.81)
32.42 (30.15-34.78)

68.87 (67.84-69.88)
41.99 (38.58-45.46)

73.01 (71.30-74.66)
69.70 (67.67-71.66)
66.91 (64.57-69.17)
62.88 (60.03-65.65)
54.97 (52.35-57.57)

72.09 (70.72-73.42)
63.48 (62.15-64.79)

Accessibility and remoteness index

Major cities in Australia
Inner regional Australia
Outer regional and remote

area
Country of Birth
Australia

English Speaking Countries
Non-English-speaking

countries

State or territory
New South Wales
Victoria
Queensland

South Australia
Western Australia
Tasmania
Northern Territory

Australian Capital Territory

68.19 (66.96-69.39)
64.99 (62.73-67.18)

68.16 (65.48-70.73)

67.03 (65.78-68.25)
69.09 (66.54-71.53)

67.83 (65.65-69.94)

66.10 (64.19-67.97)
67.39 (65.33-69.39)
69.09 (66.71-71.39)
64.21 (61.57-66.76)
72.10 (69.52-74.54)
68.84 (65.04-72.40)
64.33 (56.66-71.33)
67.63 (63.22-71.74)

23.47 (22.44-24.54)
64.69 (61.19-68.04)
67.58 (65.22-69.85)

31.13 (30.12-32.16)
58.01 (54.54-61.42)

26.99 (25.34-28.70)
30.30 (28.34-32.33)
33.09 (30.83-35.43)
37.12 (34.35-39.97)
45.03 (42.43-47.65)

27.91 (26.58-29.28)
36.52 (35.21-37.85)

31.81 (30.61-33.04)
35.01 (32.82-37.27)

31.84 (29.27-34.52)

32.97 (31.75-34.22)
30.91 (28.47-33.46)

32.17 (30.06-34.35)

33.90 (32.03-35.81)
32.61 (30.61-34.67)
30.91 (28.61-33.29)
35.79 (33.24-38.43)
27.90 (25.46-30.48)
31.16 (27.60-34.96)
35.67 (28.67-43.34)
32.37 (28.26-36.78)

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

78.19 (77.12-79.22)
39.55 (35.97-43.25)
33.62 (31.02-36.32)

70.92 (69.86-71.95)
46.09 (42.28-49.94)

74.71 (72.91-76.43)
72.81 (70.82-74.70)
67.42 (64.98-69.76)
64.09 (61.17-66.91)
59.14 (56.34-61.88)

73.98 (72.58-75.32)
65.78 (64.40-67.14)

69.83 (68.56-71.08)
69.10 (66.88-71.24)

69.36 (66.36-72.21)

69.57 (68.30-70.81)
70.42 (67.80-72.92)

69.22 (66.87-71.48)

70.06 (68.21-71.85)
70.07 (68.01-72.05)
68.36 (66.12-70.52)
70.95 (65.84-75.59)
69.34 (66.96-71.62)
66.58 (61.44-71.36)
70.84 (56.42-82.01)
68.15 (61.73-73.95)

21.81 (20.78-22.88)
60.45 (56.75-64.03)
66.38 (63.68-68.98)

29.08 (28.05-30.14)
53.91 (50.06-57.72)

25.29 (23.57-27.09)
27.19 (25.30-29.18)
32.58 (30.24-35.02)
35.91 (33.09-38.83)
40.86 (38.12-43.66)

26.02 (24.68-27.42)
34.22 (32.86-35.60)

30.17 (28.92-31.44)
30.90 (28.76-33.12)

30.64 (27.79-33.65)

30.43 (29.19-31.70)
29.58 (27.08-32.20)

30.78 (28.52-33.13)

29.94 (28.15-31.79)
29.93 (27.95-31.99)
31.64 (29.48-33.88)
29.05 (24.41-34.16)
30.66 (28.38-33.04)
33.42 (28.64-38.56)
29.16 (17.99-43.58)
31.85 (26.05-38.27)

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

77.40 (76.65-78.14)
37.58 (35.09-40.14)
33.02 (31.28-34.81)

69.94 (69.20-70.67)
44.16 (41.57-46.79)

73.88 (72.64-75.08)
71.39 (69.97-72.76)
67.18 (65.49-68.82)
63.51 (61.48-65.50)
57.11 (55.19-59.02)

73.08 (72.11-74.03)
64.69 (63.73-65.64)

69.05 (68.17-69.92)
67.20 (65.62-68.74)

68.76 (66.76-70.69)

68.36 (67.47-69.24)
69.78 (67.96-71.54)

68.56 (66.96-70.12)

68.16 (66.84-69.46)
68.80 (67.34-70.22)
68.71 (67.08-70.29)
67.72 (64.78-70.52)
70.65 (68.91-72.33)
67.65 (64.43-70.71)
67.81 (59.54-75.09)
67.90 (63.97-71.60)

22.60 (21.86-23.35)
62.42 (59.86-64.91)
66.98 (65.19-68.72)

30.06 (29.33-30.80)
55.84 (53.21-58.43)

26.12 (24.92-27.36)
28.61 (27.24-30.03)
32.82 (31.18-34.51)
36.49 (34.50-38.52)
42.89 (40.98-44.81)

26.92 (25.97-27.89)
35.31 (34.36-36.27)

30.95 (30.08-31.83)
32.80 (31.26-34.38)

31.24 (29.31-33.24)

31.64 (30.76-32.53)
30.22 (28.46-32.04)

31.44 (29.88-33.04)

31.84 (30.54-33.16)
31.20 (29.78-32.66)
31.29 (29.71-32.92)
32.28 (29.48-35.22)
29.35 (27.67-31.09)
32.35 (29.29-35.57)
32.19 (24.91-40.46)
32.10 (28.40-36.03)

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Abbreviation: Cl: Confidence Interval
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Appendix Table A4: Ordered logistic regression examining the association of dementia
and chronic pain with self-care limitation, pooled data

Model 1 Model 2
Level of self-care Level of self-care
limitation limitation
aOR (95%Cl) aOR (95%Cl)

Dementia
No (ref)
Yes 15.13** (12.45-17.83)
Chronic pain
No (ref)
Yes 5.91*** (5.45-6.43)
Group comparison in the interaction between dementia and chronic pain status
No dementia and no chronic pain (ref) 1.0 (Reference)
No dementia but has chronic pain 6.24*** (5.71-6.81)
Has dementia but no chronic pain 20.18*** (16.08-25.32)
Has dementia and chronic pain 69.58*** (57.01-84.93)

Notes: 1. The outcome variable, self-care limitations, is categorised into five categories (0= “no self-
care limitation”, 1= “mild self-care limitation”, 2= “moderate self-care limitation”, 3= “profound self-
care limitation”, 4= “severe self-care limitation™).

2. P-values: ***P < 0.001.

3. Abbreviations: ref Reference; aOR: Adjusted Odds Ratio; Cl: Confidence Interval

4. Only exposure variables are reported in the adjusted model. The model is adjusted with age, sex,
accessibility and remoteness index, country of birth, and state.
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Appendix Table A5: Relevant marginal effects results for ordered logistic regressions

Self-care
limitation score Level of self-care limitation Level of self-care limitation
Variable of interest - dementia Variable of interest- chronic pain
Marginal effect, P value Marginal effect, P value
0 -0.48; 0.001 -0.25; 0.001
1 0.01; 0.001 0.02; 0.001
2 0.08; 0.001 0.07; 0.001
3 0.09, 0.001 0.02; 0.001
4 0.29; 0.001 0.10; 0.001

Note: Self-care limitations score: 0= “no self-care limitation”, 1= “mild self-care limitation”, 2=
“moderate self-care limitation”, 3= “profound self-care limitation”, 4= “severe self-care limitation”.
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APPENDIX D

This appendix includes supplementary materials related to Paper 4 of this thesis, presented in
Chapter 6. These documents provide additional details that enhance the main findings of the

study and support the methodologies, analyses, and interpretations discussed in the chapter.

Note: The table and figure numbers align with those referenced in the chapter for
consistency.
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Figure Al. Participant flow into the analytic sample
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Table Al: List of covariates and descriptions

Name of the Measure
Variable
Demographic characteristics
Age (years) 0=50to 64
1 =65 years and above
Gender 0 = Male
1 = Female
Marital Status 0 = Single (not in a relationship or married, widowed, separated)

1 = Couple (in a marriage or de facto relationship)
Indigenous Origin 0 = Non Aboriginal or Torres Strait Islander

1 = Aboriginal or Torres Strait Islander
Socio-Economic Status (SES) variables

Level of education 0 = Grade 12 and below
attained 1 = Advance diploma or certification course
2 = Degree from university (graduate diploma, honours, masters or doctorate)
Household yearly 0 = Quintile 1 (Lowest)
disposable income 1= Quintile 2
of the family 2 = Quintile 3
3 = Quintile 4
4 = Quintile 5 (highest)
Participation in the 0 =Employed

labour force 1 = Either not in the labour force or unemployed
Geographic 0 = Not in remote area (Major city)
residency

1 = In remote/regional area (Inner regional, outer regional, remote Australia,
very remote Australia)
Health-related characteristics

BMI 0 = BMI < 18.50 (Underweight)
1 = BMI 18.50-24.99 (Normal)
2 = BMI 25.00-29.99 (Overweight)
3 =BMI > 30 (Obese)
Health-related behavioural characteristics

Smoking habits 0 = Former smoker or never smoked
1 = Currently smoking

Alcohol drinking 0 = Former drinker or never drunk
1 = Active drinker (only rarely, 1-2 days, 2—3 days, 34 days, 5-6 days per
week and every day)
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Table A2: Regression results

Wave 12 Wave 16
Cognitive impairment, n (%) Coefficient (SE)  P-value Coefficient (SE)  P-value
No (ref)
Mild cognitive impairment -0.0402(0.0053) 0.001 -0.0469(0.0057) 0.001
Severe cognitive impairment -0.0568(0.0191) 0.003 -0.0438(0.0181) 0.016
Age (in years)
50-64 (ref)
65 and over 0.0157(0.0041) 0.001 0.013(0.0039) 0.001
Gender
Male (ref)
Female -0.0091(0.0034) 0.001 -0.0095(0.0032) 0.003
Indigenous origin
Non Aboriginal or Torres Strait
Islander
Aboriginal or Torres Strait Islander -0.0004(0.012) 0.970 -0.0022(0.0112) 0.846
Marital status
Unpartnered (ref)
Partnered 0.0136(0.0035) 0.001 0.0151(0.0034) 0.001
Highest level of schooling achieved
Year 12 and below (ref)
Professional qualifications 0.0011(0.0038) 0.771 -0.0043(0.0037) 0.241
University qualifications 0.0026(0.0044) 0.552 -0.0027(0.0043) 0.521
Average household wealth (Quintile)
Quintile 1 -0.0629(0.0067) 0.001 -0.0558(0.0056) 0.000
Quintile 2 -0.0309(0.0063) 0.001 -0.0337(0.0053) 0.000
Quintile 3 -0.0254(0.0063) 0.001 -0.017(0.0051) 0.001
Quintile 4 -0.025(0.0053) 0.001 -0.0269(0.0048) 0.000
Quintile 5 (ref)
Labour force participation
Employed (ref)
Unemployed/Not in the labour force -0.0634(0.004) 0.001 -0.0623(0.0038) 0.000
Area of residence
Major Cities (ref)
Regional/remote -0.0053(0.0034) 0.114 0.0002(0.0032) 0.951
BMI
Healthy weight (ref)
Underweight -0.0312(0.0137) 0.022 -0.0409(0.0145) 0.005
Overweight -0.0131(0.0038) 0.001 -0.011(0.0038) 0.003
Obese -0.043(0.0041) 0.000 -0.0474(0.004) 0.001
Smoking habits
Former smoker/never smoked (ref)
Currently smoking -0.0165(0.005) 0.001 -0.0249(0.0049) 0.001
Alcohol drinking
Former drinker or never drunk (ref)
Active drinker 0.0245(0.0042) 0.001 0.0251(0.0041) 0.001

Notes: 1. Standard errors are in the parentheses. 2. Ref indicates reference group
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Table A3: Wagstaff - Doorslaer — Watanabe - Decomposition analysis

wave 12 wave 16
Variables n? CI® Co* %Co° n Cl Co %Co
Mild cognitive impairment -0.0022 -0.1675 0.0004 1.8713  -0.0025 -0.2102 0.0005 2.2794
Severe cognitive impairment -0.0002 -0.2086 0.0000 0.2431  -0.0002 -0.3240 0.0001 0.2319
Age (in years)
65 and above 0.0091 -0.0571 -0.0005 -2.6473 0.0075 -0.0410 -0.0003 -1.3239
Gender
Female -0.0066 -0.0233 0.0002 0.7852  -0.0069 -0.0267 0.0002 0.7956
Indigenous origin
Aboriginal or Torres Strait Islander 0.0000 -0.0425 0.0000 0.0024  -0.0001 -0.1303 0.0000 0.0308
Marital Status
Partnered 0.0120 0.0995 0.0012 6.0762 0.0133 0.1081 0.0014 6.2120
Highest level of schooling achieved
Professional qualifications 0.0005 -0.0198 0.0000 -0.0514  -0.0020 -0.0396 0.0001 0.3407
University qualifications 0.0008 0.2188 0.0002 0.9374  -0.0009 0.2653 -0.0002 -1.0160
Average household wealth (Quintile)
Quintile 1 -0.0172 -0.8555 0.0147 74.8522  -0.0152 -0.8224 0.0125 54.1542
Quintile 2 -0.0084 -0.5517 0.0047 23.7288  -0.0092 -0.4595 0.0042 18.2548
Quintile 3 -0.0069 -0.2419 0.0017 8.5513  -0.0046 -0.0779 0.0004 1.5643
Quintile 4 -0.0068 0.3360 -0.0023 -11.6994  -0.0073 0.3654 -0.0027 -11.6056
Labour force participation
Unemployed/Not in the labour force -0.0465 -0.0695 0.0032 16.4606  -0.0454 -0.0693 0.0031 13.6127
Area of residence
Regional/remote -0.0027 -0.0662 0.0002 0.9119 0.0001 -0.1013 0.0000 -0.0448
BMI
Underweight -0.0006 -0.0338 0.0000 0.1045  -0.0008 -0.1496 0.0001 0.5081
Overweight -0.0068 0.0036 0.0000 -0.1236  -0.0058 0.0466 -0.0003 -1.1598
Obese -0.0169 -0.0636 0.0011 54706  -0.0186 -0.1353 0.0025 10.8935
Smoking habits
Currently smoking -0.0028 -0.1475 0.0004 2.1197  -0.0043 -0.2468 0.0010 45397
Alcohol drinking
Active drinker 0.0269 0.0386 0.0010 5.2941 0.0275 0.0454 0.0012 5.4044
Total estimate contribution
Cl of HRQoL (SF-6D) 0.019 0.023

Notes: 1. The 0 values do not represent actual zeros. The values are close to zero. 2. n symbolises elasticity. The equation is defined as n;, = f; % 3. The concentration index (Cl) is calculated

by ranking the row variable based on equivalised household income, 4. Co represents the contribution to the concentration index of HRQoL, 5. The contribution is calculated as a percentage by
determining the proportion of the contribution to the actual concentration index. The sum of all Co represents the explained portion of the CI of HRQoL in a given wave.
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APPENDIX E
This appendix includes supplementary materials related to Paper 5 of this thesis, presented in

Chapter 7. These documents provide additional details that enhance the main findings of the

study and support the methodologies, analyses, and interpretations discussed in the chapter.

Note: The table and figure numbers align with those referenced in the chapter for
consistency.
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Table Al: Robustness test: The relationship between cognitive impairment and four

Appendix

different types of health outcomes (general health, mental health, self-assessed health,
and health satisfaction)

Model 1 Model 2 Model 3 Model 4
Generalised Generalised Random effect Random effect
estimating estimating GLS GLS
equation equation
Health
General health Mental health Self-assessed health satisfaction
B (SE) B (SE) B (SE) B (SE)
Exposure variable
Cognitive impairment
No (ref)
Yes -3.55%** [0.56] -3.89%** [-7.74] -0.19*** [0.02] -0.14* [0.06]
Covariates
Age

50-64 years (ref)

65 years and over

Sex

Male (ref)

Female

Marital status
Unpartnered (ref)
partnered

Highest level of education
Year 12 and below (ref)
Professional qualifications
University qualifications
Annual household disposable
income

Quintile 1 (poorest)
Quintile 2

Quintile 3

Quintile 4

Quintile 5 (richest) (ref)
Participation in labour force
Employed (ref)
Unemployed or not in the
labour force

Indigenous origin

Non ATSI (ref)

Aboriginal or Torres Strait
Islander

Geographic residency
Major cities (ref)

Regional city/remote area
Smoking habits
Non-smoker (ref)
Currently smoking

Alcohol drinking
Non-drinker (ref)

Active drinker

Physical activity

Less than the recommended
level (ref)

4.02%%* [0.43]

3.09%** [0.36]

0.43 [0.36]

0.66 [0.40]
-0.36 [0.47]

-3.35%** [0.62]
-3.2%%* [0.58]
-1.82%** [0.55]
-1.06* [0.54]

-5.08*** [0.45]

-2.23[1.23]

0.09 [0.36]

-4.31%** [0.53]

3.16*** [0.45]

7.38%** [19.07]

-0.54 [-1.68]

1.49%% [4.54]

0.28 [0.77]
-0.02 [-0.05]

-3.36%** [-6.05]
-2.23%%* [-4.26]
-1.64%** [-3.33]

-0.35 [-0.73]

-2.59%** [-6.43]

-0.16 [-0.14]

0.57 [1.78]

-3.33%%* [7.04]

1.83%** [4.59]

0.04* [0.02]

0.09%** [0.02]

0.04%** [0.02]

0.06** [0.02]
0.15*** [0.02]

-0.15%** [0.03]
-0.13*** [0.02]
-0.07*** [0.02]

-0.05*[0.02]

-0.18*** [0.02]

-0.06 [0.07]

-0.04* [0.02]

-0.22%** [0.02]

0.15*** [0.02]

0.57*** [0.04]

0.15%** [0.04]

0.16%** [0.04]

-0.03 [0.04]
-0.07 [0.05]

-0.29*** [0.06]
-0.29*** [0.05]
-0.11** [0.05]
-0.07 [0.04]

-0.36*** [0.04]

-0.09 [0.15]

0.02 [0.04]

-0.32%** [0.06]

0.17*** [0.05]
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Recommended level 7.42*** [0.37] 4.36*** [13.2] 0.24***[0.02] 0.48*** [0.03]
Body Mass Index (BMI)

Underweight -6.73*** [1.47] -4.41*** [-3.34] -0.20*** [0.06] -0.42* [0.17]
Healthy weight (ref)

Overweight -0.83* [0.41] -0.45[-1.22] -0.06*** [0.02] -0.12*** [0.04]
Obesity -5.45*** [0.44] -1.20*** [-3.02] -0.27*** [0.02] -0.52*** [0.04]
Disability status

No (ref)

Yes -18.5*** [0.37] -7.18*** [0.33] -0.61***[0.02] -1.48*** [0.04]

Notes: 1. Values in brackets are robust standard errors. 2. ***, ** and * denote significance at the p <
0.001, p <0.01, and p < 0.05 levels, respectively.
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Table A2: Heterogenous Effect: The relationship between cognitive impairment and
general health by age and gender

Model 1 Model 2 Model 3 Model 4
Random-effects Random-effects Random-effects Random-effects
GLS GLS GLS GLS
General health General health General Health General Health
(Age 50-64 years) (Age 65 years (Male) (Female)
and over)
B (SE) B (SE) B (SE) B (SE)
Exposure variable
Cognitive impairment
No (ref)
Yes -1.59 [1.04] -3.90 [0.68] -1.88* [0.79] -3.61*** [0.81]
Covariates
Age

50-64 years (ref)

65 years and over

Sex

Male (ref)

Female

Marital status
Unpartnered (ref)
partnered

Highest level of
education

Year 12 and below (ref)
Professional
qualifications
University qualifications
Annual household
disposable income
Quantile 1 (poorest)
Quantile 2

Quantile 3

Quantile 4

Quantile 5 (richest) (ref)
Participation in labour
force

Employed (ref)
Unemployed or not in the
labour force
Indigenous origin
Non-ATSI (ref)
Aboriginal or Torres
Strait Islander
Geographic residency
Major cities (ref)

In remote/regional area
Smoking habits
Non-smoker (ref)
Currently smoking
Alcohol drinking
Non-drinker (ref)

2.25%%* [0.52]

1.23* [0.52]

0.92 [0.6]

0.45 [0.67]

-4.87*** [0.83]
-3.01*** [0.68]
-1.61** [0.6]
-0.78 [0.51]

-4.98*** [0.54]

-2.05 [1.77]

-0.42 [0.52]

-4.05%** [0.65]

3.74%** [0.66]

0.32 [0.64]

1.40 [0.74]

0.14 [0.87]

-2.27** [0.92]
-3.42%** [0.90]
-2.86*** [0.89]

-1.37 [0.94]

-3.73%** [0.76]

-2.10 [2.96]

0.49 [0.62]

-3.60%** [1.2]

1.79%** [0.62]

0.94 [0.62]

1.13[0.7]

1.37 [0.81]

-2.84%** [0.86]
-4.09%** [0.75]
-2.36%** [0.66]

-1.26* [0.61]

-5.76%** [0.62]

-0.90 [2.24]

-0.82 [0.58]

-4.05%** [0.81]

2.08%** [0.59]

0.65 [0.56]

1.24 [0.68]

0.09 [0.75]

-2.50%** [0.77]
-2.11%** [0.72]
-1.21[0.71]
-0.30 [0.63]

-3.34*** [0.59]

-3.83[2.17]

0.69 [0.57]

-4.02%** [0.82]
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Active drinker 2.69*** [0.71] 3.72%** [0.71] 2.78*** [0.85] 3.37***[0.63]
Physical activity

Less than the

recommended level (ref)

Recommended level 6.38*** [0.45] 5.37*** [0.54] 6.5*** [0.48] 5.07*** [0.49]
Body Mass Index (BMI)

Underweight -4.20* [2.1] -5.76%* [2.17] -8.49*** [2.93] -3.82* [1.75]
Healthy weight (ref)

Overweight -1.89*** [0.53] -1.25* [0.62] -1.00 [0.60] -1.99*** [0.55]
Obesity -6.42*** [0.62] -4.77%** [0.79] -5.41*** [0.75] -6.02*** [0.66]
Disability status

No (ref)

Yes -15.18*** [0.57]  -14.00*** [0.58] -13.69*** [0.58] -14.27*** [0.56]

Notes: 1. Values in brackets are robust standard errors. 2. *** ** and * denote significance at the p <
0.001, p < 0.01, and p < 0.05 levels, respectively.
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Table A3: Heterogenous Effect: The relationship between cognitive impairment and

mental health by age and gender

Model 1 Model 2 Model 3 Model 4
Random-effects Random-effects Random-effects = Random-effects
GLS GLS GLS GLS
Mental Health Mental Health Mental Health Health
(Age 50-64 (Age 65 years and (Male) (Female)
years) over)
B (SE) B (SE) B (SE) B (SE)

Exposure variable
Cognitive impairment
No (ref)
Yes -2.33* [1.05] -3.92*** [0.60] -2.94%** [0.77] -2.88*** [0.72]
Covariates
Age
50-64 years (ref)
65 years and over 4.46*** [0.55] 5.61*** [0.56]
Sex
Male (ref)
Female -1.01* [0.48] -0.49 [0.57]
Marital status
Unpartnered (ref)
partnered 2.97*** [0.50] -0.03[0.56] 2.91*** [0.58] 1.03* [0.51]
Highest level of education
Year 12 and below (ref)
Professional qualifications -0.36 [0.57] 1.33* [0.64] 0.40[0.62] 0.09 [0.63]
University qualifications -0.61[0.61] 2.3*** [0.75] 0.50 [0.71] 0.33[0.67]
Annual household
disposable income
Quantile 1 (poorest) -3.98*** [0.83] -1.92** [0.76] -1.78* [0.76] -2.91*** [0.75]
Quantile 2 -1.84** [0.68] -1.36 [0.72] -1.46* [0.65] -1.61* [0.70]
Quantile 3 -1.50** [0.56] -0.64 [0.70] -1.11 [0.58] -0.77 [0.65]
Quantile 4 0.07 [0.48] -0.76 [0.78] -0.26 [0.55] 0.02 [0.61]
Quantile 5 (richest) (ref)
Participation in labour
force
Employed (ref)
Unemployed or not in the
labour force -2.85*** [0.53] -1.68** [0.60] -2.49*** [0.56] -2.11*** [0.58]
Indigenous origin
Non-ATSI (ref)
Aboriginal or Torres Strait
Islander 1.16[1.62] -3.56 [2.65] 1.62 [1.85] -1.76 [2.11]
Geographic residency
Major cities (ref)
In remote/regional area -0.18 [0.49] 1.18* [0.53] 0.46 [0.52] 0.1510.52]
Smoking habits
Non-smoker (ref)
Currently smoking -2.94*** [0.65] -3.26*** [1.09] -2.90*** [0.76] -3.77*** [0.86]
Alcohol drinking
Non-drinker (ref)
Active drinker 1.81** [0.67] 1.69** [0.64] 2.55%** [0,79] 1.49** [0.57]

Physical activity
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Less than the recommended

level (ref)

Recommended level 4.38*** [0.41] 2.91*** [0.46] 4.02*** [0.41] 3.42*** [0.45]
Body Mass Index (BMI)

Underweight -6.78** [2.41] -1.94 [1.69] -3.85[2.14] -4.30* [1.88]
Healthy weight (ref)

Overweight -0.92 [0.49] -0.21[0.53] -0.33[0.52] -0.73 [0.50]
Obesity -1.30* [0.56] -0.95 [0.66] -1.70**[0.64] -0.94 [0.59]
Disability status

No (ref)

Yes -6.52*** [0.48] -4.61*** [0.44] -5.27*** [0.46] -5.41*** [0.47]

Notes: 1. Values in brackets are robust standard errors. 2. *** ** and * denote significance at the p <

0.001, p <0.01, and p < 0.05 levels, respectively.
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Table A4: Heterogenous Effect: The relationship between cognitive impairment and

self-assessed health by age and gender

Model 1

Model 2

Model 3

Model 4

Ordered logit

Ordered logit

Ordered logit

Ordered logit

Self-assessed

Self-assessed

Self-assessed

Self-assessed

health health health health
(Age 50-64 (Age 65 years (Male) (Female)

years) and over)

B (SE) p (SE) p (SE) B (SE)

Exposure variable
Cognitive impairment
No (ref)

Yes

Covariates

Age

50-64 years (ref)

65 years and over

Sex

Male (ref)

Female

Marital status
Unpartnered (ref)
partnered

Highest level of education
Year 12 and below (ref)
Professional qualifications
University qualifications
Annual household
disposable income
Quantile 1 (poorest)
Quantile 2

Quantile 3

Quantile 4

Quantile 5 (richest) (ref)
Participation in labour
force

Employed (ref)
Unemployed or not in the
labour force

Indigenous origin

Non ATSI (ref)
Aboriginal or Torres Strait
Islander

Geographic residency
Major cities (ref)

In remote/regional area
Smoking habits
Non-smoker (ref)
Currently smoking
Alcohol drinking
Non-drinker (ref)

Active drinker

Physical activity

-0.55%** [0.19]

0.32%%* [0.09]

0.21* [0.09]

0.13 [0.10]
0.57*** [0.11]

-0.93*** [0.14]
-0.55%** [0.12]
-0.29%* [0.11]
-0.20* [0.09]

-0.69%** [0.10]

-0.21 [0.28]

-0.22** [0.09]

-0.86*** [0.11]

0.50%** [0.11]

-0.92%** [0.12]

0.37%%* [0.11]

-0.02 [0.11]

0.36%** [0.13]
0.41** [0.16]

-0.47** [0.17]
-0.58*** [0.17]
-0.36* [0.17]
-0.25 [0.18]

-0.66%** [0.14]

-0.25 [0.50]

-0.06 [0.10]

-0.79%** [0.19]

0.68*** [0.12]

-0.62%** [0.14]

0.18 [0.11]

0.09 [0.11]

0.20 [0.12]
0.93***[0.15]

-0.71%** [0.16]
-0.82*** [0.14]
-0.41%** [0.13]
-0.33*** [0.12]

-0.82%** [0.12]

0.02 [0.35]

-0.21* [0.10]

-0.86*** [0.14]

0.39** [0.14]

-0.85%** [0.14]

0.13 [0.10]

0.14 [0.09]

0.32** [0.11]
0.32** [0.13]

-0.47*** [0.14]
-0.29* [0.13]
-0.15 [0.13]
-0.05[0.12]

-0.62%** [0.11]

-0.50 [0.37]

-0.10 [0.09]

-0.87 [0.14]

0.69*** [0.10]
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Less than the recommended

level (ref)

Recommended level 1.08*** [0.09] 0.91*** [0.10] 1.07*** [0.09] 0.93*** [0.09]
Body Mass Index (BMI)

Underweight -0.74 [0.40] -0.81** [0.31] -1.22** [0.49] -0.66* [0.29]
Healthy weight (ref)

Overweight -0.24** [0.10] -0.20* [0.11] -0.11[0.11] -0.33*** [0.10]
Obesity -1.11*** [0.11] -0.99***[0.13] -0.99*** [0.13] -1.14*** [0.11]
Disability status

No (ref)

Yes -2.41*** [0.10] -2.48*** [0.11] -2.32*** [0.10] -2.44*** [0.10]

Notes: 1. Values in brackets are robust standard errors. 2. *** ** and * denote significance at the p <
0.001, p <0.01, and p < 0.05 levels, respectively.
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Table A5: Heterogenous Effect: The relationship between cognitive impairment and

health satisfaction by age and gender

Model 1 Model 2 Model 3 Model 4
Ordered logit Ordered logit Ordered logit Ordered logit
Health satisfaction Health Health satisfaction Health
(Age 50-64 years) satisfaction (Male) satisfaction
(Age 65 years (Female)
and over)
B (SE) B (SE) B (SE) B (SE)
Exposure variable
Cognitive impairment
No (ref)
Yes -0.42* [0.17] -0.21* [0.10] -0.12 [0.13] -0.24* [0.13]
Covariates
Age
50-64 years (ref)
65 years and over 0.87*** [0.10] 0.83*** [0.09]
Sex
Male (ref)
Female 0.24*** [0.08] 0.21** [0.09]
Marital status
Unpartnered (ref)
partnered 0.40*** [0.08] 0.01 [0.09] 0.25** [0.09] 0.19* [0.08]
Highest level of
education
Year 12 and below (ref) -0.07 [0.09] 0.03[0.10] 0.06 [0.10] -0.08 [0.10]
Professional
qualifications -0.13 [0.10] -0.17 [0.12] 0.08 [0.12] -0.27** [0.10]
University qualifications
Annual household
disposable income
Quantile 1 (poorest) -0.80*** [0.14] -0.33* [0.14] -0.68*** [0.14] -0.24* [0.12]
Quantile 2 -0.52*** [0.12]  -0.44***[0.14] -0.70*** [0.12] -0.22 [0.12]
Quantile 3 -0.23** [0.09] -0.24 [0.14] -0.33*** [0.11] -0.06 [0.11]
Quantile 4 -0.18* [0.08] -0.16[0.14] -0.27*** [0.1] 0.01[0.1]
Quantile 5 (richest) (ref)
Participation in labour
force
Employed (ref)
Unemployed or not in
the labour force -0.56*** [0.08] -0.13[0.12] -0.5*** [0.1] -0.32*** [0.09]
Indigenous origin
Non ATSI (ref)
Aboriginal or Torres
Strait Islander -0.19 [0.25] 0.21 [0.55] 0.12 [0.34] -0.35[0.33]
Geographic residency
Major cities (ref)
In remote/regional area 0.03 [0.08] 0.07 [0.09] -0.03[0.09] 0.12 [0.08]
Smoking habits
Non-smoker (ref)
Currently smoking -0.45*** [0.10] -0.61 [0.18] -0.66*** [0.12] -0.35*** [0.12]

Alcohol drinking
Non-drinker (ref)
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Active drinker
Physical activity
Less than the
recommended level (ref)
Recommended level
Body Mass Index
(BMI)
Underweight
Healthy weight (ref)
Overweight

Obesity

Disability status
No (ref)

Yes

0.20* [0.10]

1.02%** [0.07]
-0.72* [0.35]
-0.20** [0.08]

-0.95%** [0.09]

-2.48*** [0.09]

0.25** [0.1]

0.67*** [0.08]
-0.36 [0.38]
-0.28*** [0.09]

-0.83%** [0.11]

-2.33%** [0.00]

0.13[0.12]

0.90%** [0.08]
-1.73%%* [0.50]
-0.20* [0.09]

-0.9%%* [0.11]

-2.22%%% [0.09]

0.30%** [0.09]

0.78*** [0.08]
-0.05 [0.29]
-0.26*** [0.08]

-0.90%** [0.00]

-2.49%** [0.09]

Notes: 1. Values in brackets are robust standard errors. 2. ***, ** and * denote significance at the p <
0.001, p < 0.01, and p < 0.05 levels, respectively.
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APPENDIX F

This appendix includes supplementary materials related to Paper 6 of this thesis, presented in
Chapter 8. These documents provide additional details that enhance the main findings of the

study and support the methodologies, analyses, and interpretations discussed in the chapter.

Note: The table and figure numbers align with those referenced in the chapter for
consistency.
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Appendix

STROBE Statement—Checklist of items that should be included in reports of observational studies

Item Page
No Recommendation No
Title and abstract 1  (a) Indicate the study’s design with a commonly used 1
term in the title or the abstract
(b) Provide in the abstract an informative and balanced | 1
summary of what was done and what was found
Introduction
Background/rationale 2  Explain the scientific background and rationale for the | 2
investigation being reported
Obijectives 3 State specific objectives, including any prespecified 4
hypotheses
Methods
Study design 4 Present key elements of study design early in the paper | 4
Setting 5  Describe the setting, locations, and relevant dates, 4
including periods of recruitment, exposure, follow-up,
and data collection
Participants 6  (a) Give the eligibility criteria, and the sources and 4
methods of selection of participants
Variables 7 Clearly define all outcomes, exposures, predictors, 6-8
potential confounders, and effect modifiers. Give
diagnostic criteria, if applicable
Data sources/ 8*  For each variable of interest, give sources of data and 4
measurement details of methods of assessment (measurement).
Describe comparability of assessment methods if there
is more than one group
Bias 9  Describe any efforts to address potential sources of bias | N/A
Study size 10  Explain how the study size was arrived at 5-6
Quantitative 11  Explain how quantitative variables were handled in the | N/A
variables analyses. If applicable, describe which groupings were
chosen and why
Statistical methods 12 (&) Describe all statistical methods, including those 8-9
used to control for confounding
(b) Describe any methods used to examine subgroups 8-9
and interactions
(c) Explain how missing data were addressed 16
(d) If applicable, describe analytical methods taking N/A
account of sampling strategy
(e) Describe any sensitivity analyses 16
Results
Participants 13*  (a) Report numbers of individuals at each stage of 4

study—eg numbers potentially eligible, examined for
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eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed

(b) Give reasons for non-participation at each stage 4-5
(c) Consider use of a flow diagram 6
Descriptive data 14*  (a) Give characteristics of study participants (eg 11-13

demographic, clinical, social) and information on
exposures and potential confounders
(b) Indicate number of participants with missing data Appendix

for each variable of interest Table A2
Outcome data 15*  Report numbers of outcome events or summary 13-14
measures
Main results 16 (a) Give unadjusted estimates and, if applicable, 15-20

confounder-adjusted estimates and their precision (eg,
95% confidence interval). Make clear which
confounders were adjusted for and why they were
included
(b) Report category boundaries when continuous 13
variables were categorized
(c) If relevant, consider translating estimates of relative | N/A
risk into absolute risk for a meaningful time period
Other analyses 17  Report other analyses done—eg analyses of subgroups | 15-16
and interactions, and sensitivity analyses

Discussion

Key results 18  Summarise key results with reference to study 20
objectives

Limitations 19  Discuss limitations of the study, taking into account 21-22

sources of potential bias or imprecision. Discuss both
direction and magnitude of any potential bias

Interpretation 20  Give a cautious overall interpretation of results 20-21
considering objectives, limitations, multiplicity of
analyses, results from similar studies, and other relevant
evidence

Generalisability 21  Discuss the generalisability (external validity) of the 20
study results

Funding 22  Give the source of funding and the role of the funders 30
for the present study and, if applicable, for the original
study on which the present article is based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological
background and published examples of transparent reporting. The STROBE checklist is best used in
conjunction with this article (freely available on the Web sites of PL0S Medicine at
http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and
Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at
www.strobe-statement.org.
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Appendix Table Al: Abridged results from random effect GEE regression models of
HRQoL (MCS, PCS and SF-6D), pooled analysis

Model 1 Model 2 Model 3
PCS MCS SF-6D
Coefficient (SE),  Coefficient (SE), Coefficient (SE), P-
P-value P-value value
Level of physical activity
Not at all (ref)
1 to 3 times a week 4.66 (0.66), 0.001 2.63(0.70),0.001 0.04 (0.007), 0.001
More than 3 times a week to
everyday 7.46 (0.76), 0.001 4.61 (0.81), 0.001  0.08 (0.008), 0.001

Note: 1. The sample size is 985 individuals and 1,168 observations. 2. All models were adjusted for
age, gender, marital status, highest education level of education, household yearly disposable income,
participation in the labour force, Indigenous origin, geographic residency, smoking habits, alcohol
drinking, BMI and disability status. 3. PCS=physical component summary, MCS=mental component
summary, and SF-6D=Short-Form Six-Dimension health utility index. 4. Ref means reference category.
5. Cluster-robust standard errors (SE) are reported in the parenthesis.
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Appendix Table A2: Missing observation analysis

Variable Missing Total Percent

observation | observation | Missing
SF-6D utility score 194 1,401 13.85
Backward digit score 0 1,401 0
Symbol-digit modality score 0 1,401 0
Physical functioning 51 1,401 3.64
Role physical 100 1,401 7.14
Role emotional 100 1,401 7.14
Social functioning 8 1,401 0.57
Mental health 26 1,401 1.86
Vitality 26 1,401 1.86
Bodily pain 20 1,401 1.43
General Health 65 1,401 4.64
Age 0 1,401 0
Gender 0 1,401 0
Marital status 0 1,401 0
Highest level of education 0 1,401 0
Participation in labour force 0 1,401 0
Indigenous origin 424 1,401 30.26
Geographic residency 0 1,401 0
Body Mass Index (BMI) 141 1,401 10.06
Disability status 1 1,401 0.07
Smoking habits 52 1,401 3.71
Alcohol drinking 0 1,401 0
Levels of physical activity 21 1,401 1.5
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Appendix Table A3: Abridge results from random effect GLS regression models of
HRQoL (MCS, PCS and SF-6D) (with imputed value)

Model 1 Model 2 Model 3
PCS MCS SF-6D
Coefficient (SE), P-  Coefficient (SE), Coefficient (SE),
value P-value P-value
Level of physical activity
Not at all (ref)
1 to 3 times per week 4.82 (0.65),0.001  2.38(0.72),0.001 0.04 (0.008), 0.001
More than 3 times per week
to everyday 7.53(0.79),0.001  3.97(0.83),0.001  0.07 (0.009), 0.001

1. All models were adjusted for age, gender, marital status, highest education level of education,
household yearly disposable income, participation in the labour force, Indigenous origin, geographic
residency, smoking habits, alcohol drinking, BMI and disability status. 3. PCS=physical component
summary, MCS=mental component summary, and SF-6D=Short-Form Six-Dimension health utility
index. 4. Ref means reference category. 5. Cluster-robust standard errors (SE) are reported in the
parenthesis.
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APPENDIX G

List of publications to which | contributed throughout the PhD programme (but not
considered part of the thesis)

Journal Articles

Article I: Gow J, Moscovici D, Rana R, Rinaldi A, Ugaglia AA, Valenzuela L ... and Haque
R (2024) ‘Determinants of purchasing sustainably produced wines by Italian wine
consumers’, Sustainability, 16(19):8283, https://doi.org/10.3390/su16198283 (Q1 journal)

Article 11: Ahsan MN, Mohibbullah M, Gain AK, Khatun F, Rahman MA, Sultana A, Haque
R, Rahman MM, Rahaman, KR, Vink K and Shaw R (2024) ‘We knew a cyclone was
imminent’: hazard preparedness and disaster management efficiency nexus in coastal
Bangladesh’, International ~ Journal  of  Disaster  Risk  Reduction, 102:104240,
https://doi.org/10.1016/j.ijdrr.2024.104240 (ABDC ranking: A; Q1-ranked journal)

Article 111: Keramat SA, Perales F, Alam K, Rashid R, Haque R, Monasi N ... and
Kondalsamy-Chennakesavan S (2024) ‘Multimorbidity and health-related quality of life
amongst Indigenous Australians: a longitudinal analysis’, Quality of Life Research, 33(1):195-
206. https://doi.org/10.1007/s11136-023-03500-3 (ABDC ranking: A; Q1-ranked journal)

Article 1V: Shanto HH, Al-Zubayer MA, Ahammed B, Sarder MA, Keramat SA, Hashmi R,
Haque R and Alam K (2023) ‘Maternal healthcare services utilisation and its associated risk
factors: a pooled study of 37 low- and middle-income countries’, International Journal of
Public Health, 68:1606288, https://doi.org/10.3389/ijph.2023.1606288 (Q1-ranked journal)

Article V: Rahman SM, Mamoon M, Islam MS, Hossain S, Haque R and Zubair ABM (2022)
‘Post-displacement status of climate migrants in Rajshahi City, Bangladesh’,. Regional
Sustainability, 3(3):183-187,  https://doi.org/10.1016/j.regsus.2022.09.002  (Q1l-ranked

journal)

Article VI: Rahman SM, Ogura Y, Uddin MN, Haque R and Rahman SM (2022) ‘Economy,
commerce, and energy: how do the factors influence carbon dioxide emissions in Japan? An
application of ARDL  Model’, Statistics, Politics and  Policy, 13(2):219-233,
https://doi.org/10.1515/spp-2021-0028
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Keramat SA (2022) ‘Nexus between maternal underweight and child anthropometric status in
South and South-East Asian countries’, Nutrition, 98:111628,
https://doi.org/10.1016/j.nut.2022.111628 (Q1-ranked journal)

Book Chapter

Rahman SM, Mamoon M, Haque AB, Abedin MJ, Haque R, Nahar R ... and Islam MS (2023)
‘Information dissemination during the COVID-19 outbreak among the students at the tertiary
level in Bangladesh’, in Sultan P (ed) Innovation, leadership and governance in higher
education: perspectives on the Covid-19 recovery strategies, Springer Nature Singapore,
Singapore, pp.335-349, https://doi.org/10.1007/978-981-19-7299-7 18
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