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Abstract

Introduction: Anxiety and depression are prevalent neuropsychiatric issues among older adults with
cognitive impairment. They are associated with accelerated cognitive decline, increased caregiver
burden, and reduced quality of life. Given the noticeable side effects of pharmacological treatments,
there is growing interest in non-pharmacological approaches to tackle anxiety and depression.
Physical activity and sleep quality have shown promise in reducing anxiety and depression in the
general population, but their potential benefits remain largely underexplored in older adults with
cognitive impairment. The objectives of this thesis were to: 1) examine the associations between
physical activity and sleep quality with odds of having anxiety and depression among older adults
with different cognitive statuses; 2) investigate whether physical activity moderates the association
between sleep quality with anxiety and depression; and 3) explore whether the associations between

sleep, physical activity, and anxiety and depression vary by dementia subtype.

Methods: This was a secondary analysis of data from the Comprehensive Assessment of
Neurodegeneration and Dementia study. Physical activity was assessed using the Physical Activity
Scale for the Elderly (PASE) and sleep quality with the Pittsburgh Sleep Quality Index (PSQI).
Anxiety and depression symptoms were assessed using the Generalized Anxiety Disorder 7—item
(GAD-7) and the Geriatric Depression Scale (GDS). Cutoff scores of GAD-7 > 5 and GDS > 10 were
used to identify participants who are likely to have at least mild anxiety or depression. Logistic

regression models with a backward selection of covariates were used to evaluate associations.

Results: The study sample included 956 older adults: 150 with no cognitive impairment, 116 with
subjective cognitive impairment, 460 with mild cognitive impairment, and 230 with dementia. Poor
sleep quality was strongly associated with increased odds of both anxiety (OR = 1.138, CI = 1.09—
1.19, p <0.001) and depression (OR = 1.355, CI = 1.137-1.646, p = 0.001). Increased physical
activity was associated with lower odds of depression (OR = 0.996, CI = 0.994-0.999, p = 0.038), but
higher odds of anxiety (OR = 1.003, CI = 1.000-1.006, p = 0.007). The relationship between physical
activity and outcomes was consistent across cognitive groups, whereas the association between sleep
quality and depression was weaker among people with dementia. Moreover, no significant interaction
between sleep quality and physical activity was found, suggesting that there is no moderating effect in
their relationship with anxiety and depression. Additionally, none of the associations varied by
dementia type, indicating consistent relationships across different types of dementia.
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Conclusion: The consistent association between poor sleep quality and higher odds of anxiety and
depression emphasizes the need to prioritize sleep interventions among older adults with various
cognitive statuses. Physical activity may be beneficial in reducing depressive symptoms, but its

unexpected positive association with anxiety highlights the need for further investigation.
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1.0 Review of Literature

1.1 Cognitive Impairment Spectrum and Its Impact

Cognitive impairment refers to a decline in one or more cognitive domains, such as memory,
language, attention, and executive function (Harvey, 2019). It can result from different etiologies,
including neurodegenerative disorders, psychiatric conditions, or medical comorbidities (Dhakal &
Bobrin, 2025). Even mild stages of cognitive impairment can lead to challenges in performing daily
activities, increased dependence on others, and reduced quality of life (Aretouli & Brandt, 2010). In
the context of aging and neurodegeneration, cognitive impairment is largely viewed as a spectrum
consisting of three primary categories: subjective cognitive impairment (SCI), mild cognitive
impairment (MCI), and dementia (Jongsiriyanyong & Limpawattana, 2018). Each stage is
characterized by specific criteria and varying impacts on cognitive function, daily activities, and
emotional well-being, with the degree of impairment and care needs increasing across the spectrum

(Facal et al., 2018).

Subjective cognitive impairment (SCI), also known as subjective cognitive decline, is
characterized by self-reported cognitive difficulties without objectively measurable deficits. The term
was conceived in 2014 to describe a condition when individuals have a self-perceived memory
decline, but performance on cognitive tests remains in a normal range for their age (Jessen et al.,

2020).

SCI prevalence is reported to range between 15-54% in population-based studies and academic
memory clinics (Pippenger, 2023). Studies revealed that the prevalence of SCI can be influenced by
factors such as gender, education, ethnicity, and income level (Rohr et al., 2020). Importantly,
longitudinal evidence suggests that SCI can modestly increase the risk of progression to MCI or
dementia over several years (Jessen et al., 2010). Research shows that people with SCI often report
difficulties in performing complex instrumental activities of daily living, such as managing finances
or medication (Rotenberg et al., 2020). Emerging evidence also suggests the presence of early
functional limitations in this population, despite the absence of measurable cognitive deficits on
standardized tests (Rotenberg & Dawson, 2022). Moreover, SCI is also associated with higher anxiety
and depressive symptoms, which can further reduce well-being, social engagement, and quality of life

(Sabatini et al., 2022; Lee & Ho Chung, 2022).



Mild cognitive impairment (MCI) is a condition characterized by cognitive changes that are
noticeable but do not yet substantially interfere with daily functioning, allowing individuals to
maintain relative independence in everyday activities (Knopman & Petersen, 2014). MCI affects over
15% of adults aged 55 and older worldwide, making it an important public health concern due to its
potential progression to dementia (Bai et al., 2022). People with MCI may experience impaired
memory and executive function, with lesser severity than people with dementia (described below)
(Bayles et al., 1987; Petersen et al., 2014). Increased rates of anxiety and depression are also
frequently reported in people with MCI and may exacerbate cognitive and functional challenges (Ma,

2020).

MCI is considered a transitional and dynamic stage between normal cognitive aging and dementia.
While some individuals remain stable or even revert to normal cognition, people with MCI are at
increased risk of progressing to dementia (Lovell, 2010). This transitional nature underscores the
importance of MCI as a critical stage for early identification, intervention, and monitoring (Roberts &

Knopman, 2013).

Dementia is an umbrella term for a progressive decline in cognitive abilities. It is currently the
seventh leading cause of death and a major contributor to disability and dependency among older
adults worldwide (WHO, 2023). According to the World Health Organization (WHO) statistics, more
than 55 million people had dementia in 2023. This figure is anticipated to almost double every two
decades, with projections estimating that by 2050, 139 million individuals will be living with
dementia on a global scale (WHO, 2021). In Canada, the situation mirrors the global trend, with over
650,000 people currently living with dementia, and the numbers are rapidly increasing (Alzheimer
Society of Canada, 2024). Each day, more than 350 Canadians are diagnosed with dementia
(Alzheimer Society of Canada, 2024).

Dementia is associated with a broad range of cognitive, functional, and behavioral symptoms,
including memory impairment, disorientation, communication difficulties, and reduced ability to
perform daily activities, all of which increase care needs as the disease progresses (Jutkowitz et al.,
2017; Rabins et al., 1982). Dementia encompasses various types, such as Alzheimer’s disease (AD),
vascular dementia (VaD), frontotemporal dementia (FTD), and dementia with Lewy bodies (LBD),

each with distinct symptoms and potential causes (Duong et al., 2017)



In addition to cognitive and functional impairments, people with dementia often experience
significant emotional distress, including anxiety, depression, and frustration (Cerejeira et al., 2012).
Individuals may exhibit behaviors such as agitation or withdrawal, reflecting their struggle to adapt to
the changes in their cognitive abilities and the associated loss of independence (Miiller-Spahn, 2003).
Thus, a comprehensive understanding of these mental and emotional impacts of dementia is essential
for developing holistic care approaches that enhance the quality of life for people with dementia and

their caregivers.

1.2 Impact of Anxiety and Depression

Anxiety and depression are among the most prevalent psychiatric disorders in older adults, and they
frequently present together (Dong et al., 2020). The co-occurrence of anxiety and depression is
associated with a greater impact on cognitive function and quality of life than either occurring alone
(Zu et al., 2025). Therefore, understanding the combined and individual impacts of anxiety and

depression is essential to improve care in people with cognitive impairment.

While the terms anxiety and depression are often used to describe both clinical conditions and general
emotional symptoms, it is important to distinguish the two in research contexts. A clinical diagnosis
of anxiety and depression requires comprehensive psychiatric evaluations by a physician based on
established diagnostic criteria. In this study, anxiety and depression symptoms were assessed using
self-reported questionnaires that are designed to capture the presence and severity of symptoms rather
than a formal diagnosis. However, the cut-off scores used were validated against clinical diagnoses
and thus provide an estimate of whether an individual may be experiencing clinically significant
anxiety or depression. Therefore, throughout this thesis, we refer to anxiety and depression symptoms
when discussing continuous scale scores and (odds of) having anxiety or depression when referring to

the dichotomous outcome that was validated against clinical examinations.

Anxiety and depression are particularly common in people across the cognitive impairment spectrum,
including those with SCI, MCI, and dementia (Hill et al., 2016; Ma, 2020; Cerejeira et al., 2012).
Prevalence rates vary widely based on the diagnostic criteria and assessment tools, but both anxiety
and depression are consistently reported to be higher in people with cognitive impairment compared
to people without cognitive impairment. For example, studies have shown anxiety affects
approximately 14 -31% of people with MCI and up to 72% of those with dementia (Badrakalimuthu
& Tarbuck, 2012; Chen et al., 2018). Similarly, the overall prevalence of depression has been

3



reported to be 32% in people with MCI and up to 69% in people with dementia (Collins et al., 2023;
Ismail et al., 2017). These rates vary widely across different types of dementia. Most studies report
higher prevalence rates in FTD and VaD compared to those with AD (Collins et al., 2023; Porter et
al., 2003). While earlier studies may suggest that moderate stages have higher rates of
neuropsychiatric symptoms like anxiety (Sadak et al., 2014), a recent meta-analysis revealed that
anxiety and depression symptoms are consistently high among all the stages, with no significant trend
(Leung et al., 2021). The reported rates were 38% in mild, 41% in moderate, and 37% in severe

stages, demonstrating minimal variation across the progression of dementia (Leung et al., 2021).

Studies suggest that both anxiety and depression are intricately linked with cognitive decline,
creating a vicious cycle that exacerbates both conditions in individuals with cognitive impairment
(Jain et al., 2020; Moon et al., 2017). In MCI, anxiety and depressive symptoms have been associated
with accelerated cognitive decline and potentially higher risk of progression to dementia, particularly
AD (Liew, 2020; Martin & Velayudhan, 2020; Moon et al., 2017). This interplay may stem from
individuals’ awareness of their cognitive decline, where fear of progression contributes to anxiety,

which in turn worsens cognitive function (Martin & Velayudhan, 2020).

In dementia, this bidirectional interplay intensifies as neuropathological changes such as
hippocampal atrophy and neurotransmitter imbalances exacerbate anxiety and depressive symptoms
(Botto et al., 2022). A longitudinal cohort study revealed that higher levels of anxiety and
vulnerability to stress were associated with a more rapid decline in global cognition, episodic
memory, and working memory (Wilson et al., 2011). Therefore, managing anxiety and depression in
individuals with cognitive impairment seems to be crucial, as effective coping strategies can help
break this destructive cycle. By doing so, it may be possible to slow cognitive decline and improve

the overall quality of life of this population.

The physiological mechanisms by which cognitive impairment leads to anxiety and depression are
likely related to neuropathological changes in the brain and neurochemical imbalances (Botto et al.,
2022). As dementia progresses, significant alterations occur in brain regions responsible for cognitive
and emotional regulation, such as the hippocampus, amygdala, and prefrontal cortex (Brand &
Markowitsch, 2008; Salzman & Fusi, 2010). The hippocampus, crucial for memory formation and
emotional processing, undergoes atrophy, which can result in confusion and contribute to anxiety-

related disorders (Femenia et al., 2012). The amygdala, involved in processing emotions, and the
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prefrontal cortex, which regulates emotional responses, also deteriorate, impairing the individual’s
ability to manage stress and anxiety effectively (Salzman & Fusi, 2010). Neurochemical changes,
including reduced levels of serotonin and norepinephrine (neurotransmitters critical for mood
regulation) further exacerbate anxiety symptoms and trigger the development of depression (Ressler
& Nemeroff, 2000; Zubenko et al., 1990). Neuroimaging studies suggest SCI is associated with
hyperconnectivity between the insula and hippocampus, brain regions involved in processing
uncertainty and emotions. This hyperactivity may intensify emotional distress, leading to higher

anxiety and depressive symptoms in people with SCI (Attaallah et al., 2022).

Prevalence and manifestation of anxiety and depression vary across dementia subtypes and have
distinct neuropathological and connectivity patterns in the brain (Zhao et al., 2024). In AD, anxiety
and depression may arise from hippocampal degeneration, which disrupts emotional regulation and
stress response pathways (Silva et al., 2019; Ghasemi et al., 2022). LBD often involves heightened
anxiety and depression symptoms, possibly arising from disruption in the limbic system, particularly
the amygdala, which is involved in emotional processing (Walker et al., 2015; Kwak et al., 2017).
These symptoms are often exacerbated by the hallmark symptoms of LBD, such as visual
hallucinations, fluctuating cognition, and motor disturbances, all of which contribute to emotional
distress (Mosimann et al., 2006). Compared to AD, individuals with LBD are more likely to
experience anxiety and depression, underscoring the unique challenges posed by this subtype (Sadak
et al., 2014). In FTD, degeneration of the orbitofrontal cortex, the region for subjective perception of
anxiety and emotional processing, could explain the prevalence of anxiety symptoms in this group
(Charney & Deutch, 1996; Kenwood et al., 2022). Mixed dementia has combined features of AD and
VaD, potentially leading to compounded effects of anxiety and depression due to both gradual
neurodegeneration and acute vascular damage (Custodio et al., 2017). Understanding how anxiety and
depression arise from distinct mechanisms highlights the potential for modifiable risk factors like
physical activity or sleep quality to have differential associations with these symptoms across

subtypes.

In addition to physiological mechanisms, several other factors contribute to the development of
anxiety and depression in individuals with cognitive impairment. One primary factor is the
progressive loss of cognitive abilities. People with MCI may experience heightened anxiety and
depression as they become aware of subtle but persistent difficulties in memory, problem-solving, or

language, often fearing progression to more severe impairment (Martin & Velayudhan, 2020). These
5



experiences can become even more challenging in dementia, where individuals often struggle to
remember recent events, recognize familiar faces, or find the right words during conversations
(Cerejeira et al., 2012). This cognitive disorientation can trigger anxiety and depression as individuals
of both groups become increasingly aware of their declining abilities and the unpredictable nature of
their condition (Seignourel et al., 2008). Similarly, people with SCI often experience higher anxiety
and depression symptoms in response to perceived changes in their cognitive function. Heightened
self-monitoring and persistent concerns about developing dementia lead to emotional distress and

increase vulnerability to mood disturbances (Sabatini et al., 2022).

Another significant factor contributing to anxiety and depression in dementia is the loss of
independence and autonomy (Orrell & Bebbington, 1996). As cognitive decline progresses,
individuals may find themselves unable to perform everyday tasks such as managing finances,
cooking, or personal hygiene, leading to increased dependence on caregivers (M. Brown et al., 2020).
This loss of self-sufficiency can be distressing and contribute to feelings of helplessness, anxiety, and
depression (Goyal et al., 2019). The fear of becoming a burden to loved ones and the uncertainty

about the future further exacerbate these feelings (Boer et al., 2007).

Anxiety and depression have numerous negative effects on physical and mental health, increasing
morbidity and mortality (Meier et al., 2016). Research highlights that anxiety and depression can
worsen the course of chronic physical illnesses like gastrointestinal disorders, cancer, heart disease,
and diabetes (Sobel & Markov, 2005). This is driven by both behavioral factors, like unhealthy
lifestyle choices, disrupted sleep, and poor medical adherence, and biological mechanisms such as
increased inflammation and disruption of the hypothalamic-pituitary-adrenal axis, which exacerbate
adverse health outcomes (Sobel & Markov, 2005). Moreover, stress, anxiety, and depression have
shown to be associated with a depressed immunological response, potentially increasing vulnerability
to infections and other diseases (Cafias-Gonzalez et al., 2020). A review by Ahmad et al. (2014)
highlights that heightened anxiety and a constant state of worry and tension in adults can lead to sleep
disturbances and cognitive decline, which in turn results in fatigue, low concentration, and diminished
overall well-being (Ahmad et al., 2014). Also, older adults with anxiety disorders or even mild
anxiety and depressive symptoms face increased disability, reduced quality of life, and higher
utilization of health care services (Porensky et al., 2009; Brenes, 2007). This group often experiences

significant impacts on their daily functioning, yet many do not receive appropriate or timely



treatment, highlighting a gap in health care for managing anxiety and depression in late life (Beurs et

al., 1999).

Anxiety in people with dementia often manifests as heightened agitation and restlessness, as they
struggle to communicate their needs and frustrations (Twelftree & Qazi, 2006). These symptoms,
along with depressive symptoms and sleep disturbances, can increase the burden on caregivers, who
must manage not only the physical care but also the emotional and psychological challenges
associated with these behaviors (Wrede et al., 2025). Anxiety and depression are more prevalent in
people with dementia compared to those without, and it is associated with greater limitations in
activities of daily living, lower quality of life, and poorer neuropsychological performance
(Seignourel et al., 2008; Lee & Ho Chung, 2022). Furthermore, physical complications of anxiety and
depression, such as cardiovascular problems and a weakened immune system, can lead to a greater
likelihood of nursing home placement, further affecting the life satisfaction of individuals with
cognitive impairment (Kwak et al., 2017). Therefore, treating anxiety and depression in this
population is crucial to enhance their quality of life and alleviate the significant burden on caregivers,

ultimately promoting better health outcomes for both.

1.3 Treatments for Anxiety and Depression

Anxiety and depression are among the most common mental health conditions worldwide.
According to the WHO, anxiety disorders affected approximately 301 million people in 2019, and an
estimated 5% of adults suffer from depression on a global scale (WHO, 2023). Despite their high
prevalence, anxiety and depression remain largely underrecognized and undertreated, particularly in
older adults with cognitive impairment (Badrakalimuthu & Tarbuck, 2012; Dafsari & Jessen, 2020).
Both pharmacological and non-pharmacological treatments can effectively manage anxiety and
depressive symptoms, with pharmacological options often yielding stronger immediate effects
(Bandelow et al., 2015). However, non-pharmacological approaches are recommended to be
considered the first line of treatment for anxiety and depression in people with dementia and MCI, as
they offer lower risks and are generally well-suited for long-term management (Lee et al., 2024).
Non-pharmacological approaches emphasize addressing modifiable risk factors such as physical
inactivity and poor sleep quality, which are linked to reductions in anxiety and depressive symptoms

and may produce synergistic effects. As such, there is growing interest in non-pharmacological



interventions targeting modifiable risk factors such as physical activity and poor sleep quality (Su et

al., 2021; Barham et al., 2022).

1.3.1 Pharmacological Treatments

Pharmacological interventions are often used as the first line of treatment for both anxiety disorders
and depressive symptoms, with medications such as benzodiazepines and selective serotonin reuptake
inhibitors being the most prescribed (Bandelow et al., 2017; Kovich et al., 2023). These medications
have well-documented anxiolytic and antidepressive effects, making them effective in reducing
anxiety and depression symptoms in the general population (Bandelow et al., 2017; Kovich et al.,
2023). However, the effectiveness and safety of these medications in people with dementia are less
clear and often controversial. A recent systematic review identified only seven randomized controlled
trials since 1990 evaluating the effectiveness of antidepressants for reducing anxiety in people with
dementia, with five reporting no benefits compared to placebo (Bingley et al., 2025). Also, such
medications often have several side effects, including drowsiness, dizziness, increased hostility or
aggression, cognitive impairment or impaired memory, etc. (Schnabel Jr, 1987). In people with
dementia and MCI, these adverse effects are even more concerning because they can worsen
cognitive function, potentially causing increased memory issues, disorientation, and confusion
(McShane et al., 1997; Crowe & Stranks, 2018). Furthermore, the dizziness and drowsiness caused by
these drugs can increase the risk of falls and fractures in this group, which further elevates care needs
and healthcare costs (Lenze et al., 2003). Given these concerns, exploring non-pharmacological
approaches for managing anxiety, depression, and distress becomes imperative in individuals with

cognitive impairment.

1.3.2 Non-pharmacological Approaches

Non-pharmacological approaches provide low-risk alternatives or complements to medications to
address both the physical and emotional symptoms of anxiety and depression (Lee et al., 2024; Burley
et al., 2022). Examples of non-pharmacological interventions for anxiety and depression include
cognitive behavioral therapy, music therapy, aromatherapy, and targeting modifiable risk factors such
as physical activity and sleep quality. These interventions aim to reduce anxiety and depression
symptoms by improving emotional resilience and addressing lifestyle factors that influence mental

health.



Cognitive behavioral therapy is considered one of the most well-researched and effective
psychotherapies for anxiety disorders and depressive symptoms (Servant, 2019; Lepping et al., 2017).
This approach helps individuals recognize and modify negative thought patterns and behaviors that
contribute to anxiety and depression. A recent systematic review of twelve publications suggested
strong evidence on the association between cognitive behavioral therapy and improvements in

anxiety, depression, and quality of life in people with MCI and dementia (Jin et al., 2021).

A crossover randomized control trial among 60 individuals with various dementia subtypes
explored the effects of three non-pharmacological interventions, including music therapy, exercise,
and aromatherapy with massage, on behavioral and psychological symptoms of dementia (Dimitriou
et al., 2020). Participants were divided into six groups, and each intervention lasted five days,
followed by a two-day washout period to minimize crossover effects. Anxiety, depression, and other
neuropsychiatric symptoms were assessed using the Neuropsychiatric Inventory and other
standardized measures, including the Geriatric Depression Scale (Dimitriou et al., 2020). Here, music
therapy was the most effective intervention, with exercise following as the second most beneficial
treatment. Aromatherapy and massage also showed positive but less substantial effects for both
anxiety and depression. These findings highlight the potential of music therapy and exercise as
effective, low-risk alternatives for managing anxiety and depression in people with dementia,
although further research is needed to confirm these benefits across diverse settings and over

extended durations (Dimitriou et al., 2020).

Improving sleep quality has also been associated with reductions in anxiety and depression. Scott et
al. (2021) conducted a meta-analysis of randomized controlled trials that investigated interventions to
improve sleep quality and their effects on mental health, including anxiety and depression. The study
included a range of populations, such as adults with insomnia, older adults with chronic health
conditions, and those with anxiety disorders. Interventions included cognitive behavioral therapy for
insomnia, mindfulness-based therapies, and other structured behavioral approaches. The findings
revealed that those interventions that effectively improved sleep quality had a statistically significant,

small-to-medium effect on anxiety and depression (Scott et al., 2021).

Building on these approaches, research emphasizes the role of physical activity and sleep quality in

managing anxiety in the general population, but the evidence regarding their effects in people with



dementia and MCI is limited. The following sections delve into existing studies on these interventions

across different populations.

1.3.2.1 Physical Activity and Exercise

Physical activity refers to any movement that requires energy expenditure, such as walking,
gardening, or doing household chores. It includes a wide range of activities that can be integrated into
daily life and contribute to overall health. Exercise, on the other hand, is a structured and planned
subset of physical activity, with specific goals to improve physical fitness, strength, and endurance
(Caspersen et al., 1985). Both physical activity and exercise have been examined for effects on
mental health, including their ability to reduce anxiety and depression. The evidence supporting
benefits is variable but spans across different populations, including adults, older adults, and people

with cognitive impairment.

In adults, numerous studies have demonstrated a relationship between physical activity and reduced
anxiety and depression. A cross-sectional study by Khanzada et al. (2015) found that individuals who
engaged in regular physical activity experienced lower levels of anxiety and depression compared to
those who were physically inactive. Additionally, a synthesis of the systematic reviews of randomized
controlled trials by Singh et al. (2023) confirmed that physical activity is associated with lower
symptoms of anxiety and depression across a variety of populations, including healthy adults,
individuals with mental health disorders, and those with various chronic diseases. The review also
found that moderate-intensity physical activity was particularly effective in reducing anxiety
symptoms compared to low-intensity activity (Singh et al., 2023). Similarly, a narrative review by
Kandola et al. (2018) suggested that physical activity serves as a promising treatment option for
people with anxiety disorders. However, the underlying mechanisms and most effective physical

activity protocols need to be investigated (Kandola et al., 2018).

A meta-analysis of six randomized controlled trials, including 262 adults, revealed that acrobic
exercise can substantially reduce anxiety symptoms in individuals with anxiety or stress-related
disorders (Stubbs et al., 2017). Participants were randomized into exercise or control groups and
participated in exercise one to seven times per week at moderate to high intensity. Anxiety was
assessed using both clinician-rated and self-reported measures, with the results consistently showing
that exercise reduced symptoms of anxiety, though study quality was variable (Stubbs et al., 2017).

Also, a recent systematic review of 218 randomized controlled trials, including a total of 14,140
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participants, assessed the effects of various exercise modalities and intensities on depression among
adults with major depressive disorders (Noetel et al., 2024). The findings indicated that all forms of
exercise resulted in moderate reductions in depressive symptoms compared to active control
conditions. Notably, walking or jogging, yoga, and strength training produced moderate reductions in
depression, with larger effect sizes than tai chi or mixed aerobic exercise. Moreover, the review
suggested that higher-intensity exercise was associated with greater improvements in depressive
symptoms, highlighting the potential dose-response relationship between physical activity intensity

and mental health outcomes.

In older adults, both anxiety and depression are often underdiagnosed and undertreated, with
anxiety being even less studied and less recognized than depression (Allan et al., 2014; Johnco et al.,
2024). However, there is growing evidence for the relationship between increased physical activity
and lower anxiety and depressive symptoms within this population, emphasizing its potential as a
therapeutic intervention (Kazeminia et al., 2020; Bridle et al., 2012). A cross-sectional study of 200
older adults showed higher anxiety and depression levels in those who were sedentary compared to
those who engaged in physical activities in a social center for the elderly (Oliveira et al., 2019). A
recent randomized controlled trial by Ruiz-Comellas et al. (2022) explored the effects of a 4-month
moderate physical activity program on depression and anxiety levels in 90 individuals aged 65 and
older. The study found that walking just two days per week resulted in a 45% relative risk reduction
in meeting the diagnostic threshold for anxiety and a 59% relative risk reduction for depression by the
end of the trial, underscoring the effectiveness of moderate physical activity as a practical and
accessible intervention for managing both anxiety and depression among older adults (Ruiz-Comellas

et al., 2022).

While there is evidence that physical activity may reduce anxiety and depression symptoms in
adults and older adult populations generally, studies focusing specifically on people with cognitive
impairment are relatively limited and tend to focus more on cognitive outcomes rather than mental
health, particularly anxiety and depression. However, several studies have explored the broader
effects of physical activity on behavioral and psychological symptoms of dementia (BPSD) (Thuné-
Boyle et al., 2012). These symptoms encompass a range of non-cognitive expressions among people
with dementia, including anxiety and depression, but also agitation, delusions, hallucinations,
wandering, and apathy (Cerejeira et al., 2012). These behaviors, at least in part, represent personal

expression of needs or distress. While these symptoms can impact the individual’s quality of life, they
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also contribute to increased demands on caregivers, who must navigate both the emotional and

practical aspects of providing support (Cerejeira et al., 2012).

The effects of physical activity on BPSD among people with dementia may vary by type of
dementia. A study by Cristoforetti et al. (2011), involving 59 participants with AD, VaD, and mixed
dementia, explored neuropsychiatric symptoms using the Neuropsychiatric Inventory. The study
divided participants into two groups based on their physical activity levels over the past six months.
Participants with AD and VaD who engaged in physical activity exhibited fewer neuropsychiatric
symptoms compared to the sedentary group. However, no association between physical activity and
neuropsychiatric symptoms was observed in participants with mixed dementia (Christofoletti et al.,
2011). Additionally, a review by Thuné-Boyle et al. (2012) has shown the positive effects of exercise
interventions in reducing some BPSD, notably depressed mood, agitation, and wandering, while also
helping to improve night-time sleep. However, current evidence regarding the efficacy of exercise in
alleviating specific symptoms, including anxiety, remains limited and requires further research to

determine the impact of exercise (Thuné-Boyle et al., 2012).

Research among people with MCI is also limited. A recent scoping review on the effect of physical
exercise in people with MCI highlights that various forms of exercise contribute to improved
cognitive function and reduced anxiety (Stavrou et al., 2024). Exercise may mitigate anxiety through
neurochemical changes, improved sleep quality, increased social interaction, and reduced brain
inflammation (Stavrou et al., 2024). However, the evidence of reducing anxiety levels among people
with MCI remains inconsistent, with some studies likely underpowered to detect an effect. A
systematic review of 17 randomized controlled trials by Chen et al. (2024) investigated the effects of
exercise on neuropsychiatric symptoms and quality of life in people with MCI. The review reported a
small but statistically significant positive effect of exercise interventions, particularly mind-body
exercise interventions, on depression. However, the evidence regarding the impact of exercise on
anxiety and sleep disorders was uncertain and inconclusive, highlighting the need for further research

in these areas (Chen & Kim, 2024).

1.3.2.2 Sleep Quality

In addition to physical activity, sleep quality has been introduced as a modifiable risk factor for

mental health generally, and anxiety and depression specifically (Scott et al., 2021). Sleep is a
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complex behavioral state that also influences cognitive function, emotional well-being, and physical
resilience (Chakrabarty, 2023). However, as people age, sleep tends to become more fragmented,
characterized by more frequent awakenings during the night and an increased tendency to sleep

during the day (Turek et al., 1995).

Sleep disturbances are highly prevalent among people with cognitive impairment. Approximately
60 to 70% of people with dementia, and 63% of people with MCI, report poor sleep quality
(Wennberg et al., 2017; McKinnon et al., 2014). Also, sleep disturbances are strongly associated with

poorer disease prognosis among people with cognitive impairment (Wennberg et al., 2017).

Prevalence of sleep disturbances in dementia varies depending on the type and severity of cognitive
impairment. Guarnieri et al. (2012) found that individuals with LBD and Parkinson's disease with
dementia experience the highest rates of sleep disturbances, affecting 90% of the participants
(Guarnieri et al., 2012). In the early stages, changes in sleep patterns are often more distinct across
dementia types. As dementia advances, sleep changes start to converge across all types (Cipriani et
al., 2015). For example, rapid eye movement sleep behavior disorder is frequently observed in early
LBD, whereas insomnia and disrupted sleep are more characteristic of early AD. However, as
dementia advances, these distinctions become less pronounced, with more severe dementias marked
by generalized and severe sleep disruptions, including frequent nighttime awakenings and marked

daytime drowsiness (Cipriani et al., 2015).

Among younger adults and those without cognitive impairment, relatively strong evidence suggests
that poor sleep quality is associated with greater symptoms of anxiety and depression. For instance, a
study of healthy young adults found that people who have deeper sleep report lower anxiety levels the
following day (Simon et al. 2020). The authors suggested that a full night of deep sleep can restore
the brain’s prefrontal mechanisms responsible for regulating emotions, lowering anxiety and
diminishing emotional reactivity (Simon et al., 2020). Another study found that higher sleep quality
was associated with lower rates of anxiety and depression among individuals experiencing chronic
stress during the COVID-19 pandemic (Sullivan et al., 2023). Also, a systematic review of 65
randomized controlled trials in adults with different age ranges reported a medium effect of improved

sleep on improving mental health and reducing anxiety and depression (Scott et al., 2021).
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In comparison to adults without cognitive impairment, evidence on the effects of sleep quality on
anxiety and depression in older adults with cognitive impairment remains limited and mostly
preliminary, with anxiety being even less studied than depression. A study by Kabeshita et al. (2017)
reported that 21% of individuals with AD experienced sleep disturbances, as measured by the
nighttime behavior disturbance score. People who had sleep disturbances also had a higher prevalence
of BPSDs in the early stages of AD (Kabeshita et al., 2017). Preliminary findings from a study
involving 170 dyads of community-dwelling people with dementia and caregivers were presented at a
conference. The results showed that subjective sleep impairments were associated with higher odds of
anxiety and depressive symptoms among people with dementia, whereas objective sleep measures

from actigraphy didn’t show a statistically significant association (Hwang & Hodgson, 2020).

A cross-sectional study found that poor sleep quality partially mediates the relationship between
cognitive decline and depression in older adults, suggesting that improving sleep quality may help
reduce depressive symptoms associated with cognitive decline (Liu et al., 2022). Similarly, a
longitudinal study in people with MCI suggested that sleep quality significantly correlates with

cognitive function, and depressive symptoms fully mediated this association (Wang et al., 2024).

While some evidence links sleep quality to mental health symptoms in people with cognitive
impairment, most studies are preliminary, often focus more on depression alone or BPSDs broadly,

and rarely consider interactions with other modifiable factors such as physical activity.

1.4 Mechanisms Linking Physical Activity to Reduced Anxiety and Depression

The benefits of physical activity and exercise on anxiety and depression likely arise from a variety
of physiological and psychological changes. From a psychological perspective, participating in
regular physical activity can function as an effective distraction from negative thoughts and emotions,
providing a cognitive break from daily worries and stressors (Bourdeaudhuij et al., 2002).
Additionally, the sense of achievement and mastery gained from completing a workout can also
enhance self-efficacy and self-esteem, further contributing to improved mental well-being (DeBoer et

al., 2012).

Physiologically, physical activity increases the production of endorphins and monoamines, which
are neurotransmitters that enhance mood and reduce feelings of anxiety and depression (Harber &

Sutton, 1984). It also increases the availability and activity of neurotransmitters such as dopamine and
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norepinephrine in the brain, both of which play crucial roles in mood regulation and emotional
resilience. These neurochemical changes help alleviate depressive symptoms and are similar to

mechanisms targeted by many antidepressant medications (Xue et al., 2025).

Exercise also raises body temperature, which is hypothesized to promote relaxation and decrease
muscular tension by increasing the temperature in specific brain regions such as the brain stem
(Petruzzello et al., 1993; deVries, 1981). Additionally, exercise modulates stress reactivity by
regulating the release of corticotropin-releasing factor from the hypothalamus and adrenocorticotropic
hormone from the anterior pituitary, thereby reducing the hyperactivity of the hypothalamic-pituitary-

adrenal axis, which is often observed in anxiety and depression (Droste et al., 2003).

Physical activity may mitigate anxiety and depressive symptoms in MCI and dementia through
mechanisms specifically counteracting dementia-related neurodegeneration. Structural MRI studies
have demonstrated that physical activity is associated with larger brain volumes in regions vulnerable
to dementia, including the hippocampus, temporal, and frontal lobes (Domingos et al., 2021). These
areas, specifically the hippocampus, are also involved in emotional regulation (Femenia et al., 2012).
Therefore, enhanced hippocampal volume and integrity through physical activity may help mitigate

anxiety and depression.

Physical activity may also counteract key neuropathological features of dementia by reducing the
accumulation of beta-amyloid plaques and tau tangles, which are hallmarks of AD. A narrative
review by Brown et al. (2019) presents evidence, particularly strong in animal studies, that regular
physical activity may reduce the buildup of these proteins, potentially alleviating neurodegeneration
in areas critical for emotion regulation, such as the hippocampus and prefrontal cortex (Brown et al.,
2019). A systematic review and meta-analysis further supported this, showing moderate evidence that
middle-aged and older adults who engage in regular physical activity exhibit lower levels of beta-
amyloid accumulation compared to those who are less active (Rodriguez-Ayllon et al., 2024). Thus,
physical activity may serve not only as a general intervention for reducing anxiety and depression, but
also as a potential modulator of neurodegenerative processes that contribute to these symptoms in

people with cognitive impairment.
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1.5 Mechanisms Linking Sleep Quality to Reduced Anxiety and Depression

There are multiple potential mechanisms underlying the relationship between sleep quality and
anxiety in people with cognitive impairment. Poor sleep exacerbates cognitive impairment, increases
irritability, and disrupts the brain's ability to regulate emotions, which could intensify anxiety and
depression (Xu et al., 2020; Akpoveta et al., 2025). Moreover, neuroimaging studies suggest that
deficits in default mode network connectivity may mediate the link between poor sleep quality and
anxiety severity (Shen et al., 2024). The default mode network is a collection of interconnected brain
regions, including the medial prefrontal cortex and posterior cingulate cortex, which is most active
when the mind is at rest (Sormaz et al., 2018). When functioning properly, this network plays a
crucial role in memory and emotional regulation. Deficits in default mode network connectivity,
potentially resulting from poor sleep quality, may increase susceptibility to anxiety because the brain

becomes less efficient at managing negative emotions and stress severity (Shen et al., 2024).

Fragmented sleep can also disrupt neurotoxin clearance. Sleep disturbances, such as sleep-
disordered breathing, contribute to beta-amyloid buildup, neuroinflammation, and cerebrovascular
damage (Ward & Pase, 2020). These physiological changes, along with frequent nighttime
awakenings and confusion, further increase anxiety and depression (Wennberg et al., 2017; Cao et al.,
2024). Therefore, addressing sleep disturbances may be an effective strategy to manage anxiety,

depression, and cognitive decline in people with cognitive impairment.

1.6 Effects of Physical Activity on Sleep Quality

While both physical activity and sleep quality may be modifiable risk factors for anxiety and
depression, they are not entirely independent. Research has shown the potential that physical activity
can improve sleep quality across various populations, including older adults and people with
cognitive impairments (Badami et al., 2019; Yang et al., 2012). Regular physical activity can enhance
both the quantity and quality of sleep by increasing total sleep time, promoting slow-wave sleep (deep
sleep), reducing rapid eye movement sleep, shortening sleep latency (the time it takes to fall asleep),

and reducing wakefulness after sleep onset (Aritake-Okada & Uchida, 2019).

Both acute bouts and regular physical activity have demonstrated sleep-enhancing effects across
adult age groups and sexes, with longer bouts showing more pronounced improvements (Kline et al.,

2021). Specifically, aerobic exercises such as walking, cycling, and swimming have shown
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considerable benefits in sleep duration and efficacy across various populations (Ghiasvand &
Irandoust, 2024). The benefits are particularly pronounced in middle-aged and older adults, as well as

those with chronic conditions like depression (Dolezal et al., 2017).

Physical activity improves sleep quality through several interconnected mechanisms. It helps
regulate body temperature, reduce cortisol levels, and improve mood by increasing endorphin and
serotonin production (Ghiasvand & Irandoust, 2024). The rise in core body temperature during
exercise, followed by the cooling phase, signals the body that it is time to sleep, aiding in faster sleep
onset and promoting deeper rest (Uchida et al., 2012). Additionally, by lowering cortisol, a key stress
hormone, physical activity reduces stress, calming the nervous system and making it easier to relax
before bedtime (Corazza et al., 2014). Physical activity is also thought to synchronize circadian
rhythms, promoting more consistent sleep patterns and increasing the body’s need for restorative
sleep (Shen et al., 2023). Together, these effects lead to more restful and uninterrupted sleep, which

enhances overall well-being and health.
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2.0 Current Study

2.1 Rationale

Anxiety and depression are prevalent across the cognitive impairment spectrum, including people
with SCI, MCI, and dementia (Hill et al., 2016; Ma, 2020; Cerejeira et al., 2012). Symptoms of
anxiety and depression are associated with a range of negative outcomes, such as reduced quality of
life, increased dependence on caregivers, and accelerated progression to dementia (Porensky et al.,
2009; Brenes, 2007). Despite their high prevalence, anxiety and depression often remain
underdiagnosed and undertreated in people with dementia and MCI. The effectiveness of the
commonly prescribed medications for anxiety and depression is inconsistent in people with cognitive
impairment, and they are frequently accompanied by adverse effects, such as exacerbating cognitive
decline and increasing the risk of falls (Bingley et al., 2025). Therefore, exploring non-
pharmacological approaches to serve as low-risk alternatives or complements to medications in

people with cognitive impairment is crucial.

Physical activity and sleep quality have emerged as two promising modifiable factors to mitigate
anxiety and depression in the general and younger populations (Singh et al., 2023); Scott et al., 2021).
The association and effectiveness of these lifestyle factors in reducing the risk of anxiety and
depression in older adults without cognitive impairment have also been researched to some extent. In
older adults with cognitive impairment, however, the evidence is very limited, often preliminary, and
mostly includes depression alone or broad neuropsychiatric symptoms. Furthermore, few studies have
examined how physical activity and sleep quality may interact to reduce anxiety and depression in
this population. Hence, further targeted research is needed to understand the independent and
interactive relationships between physical activity and sleep quality with anxiety and depression

among people with cognitive impairment.

2.2 Objectives and Hypothesis

Objective 1: To evaluate the association between physical activity and sleep quality with odds of
having anxiety among older adults with MCI, SCI, dementia, and those without cognitive

impairment.

a. Hypothesis 1a: Higher levels of physical activity will be associated with lower odds of

anxiety.
18



b. Hypothesis 1b: Better subjective sleep quality will be associated with lower odds of anxiety.

c. Hypothesis 1c: The association between physical activity and sleep quality with anxiety will

vary depending on cognitive status.

Objective 2: To evaluate the association between physical activity and sleep quality with odds of
having depression among older adults with MCI, SCI, dementia, and those without cognitive

impairment.

a. Hypothesis 2a: Higher levels of physical activity will be associated with lower odds of

depression.

b. Hypothesis 2b: Better subjective sleep quality will be associated with lower odds of

depression.

c. Hypothesis 2¢: The association between physical activity and sleep quality with depression

will vary depending on cognitive status.

Objective 3: To evaluate whether physical activity and sleep quality interact in their association
with anxiety and depression among older adults with MCI, SCI, dementia, and those without

cognitive impairment.

a. Hypothesis 3a: Physical activity will moderate the relationship between sleep quality and

both anxiety and depression.

b. Hypothesis 3b: The moderating effect of physical activity on the association between

sleep quality with anxiety and depression will vary by cognitive status.

Objective 4: To explore whether the relationship between physical activity and sleep quality with

anxiety varies by dementia subtype.

Hypothesis 4: The association between physical activity and sleep quality with anxiety will

differ by dementia type.

Objective 5: To explore whether the relationship between physical activity and sleep quality with

depression varies by dementia subtype.

Hypothesis 5: The association between physical activity and sleep quality with depression

will differ by dementia type.
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3.0 Methods

3.1 Study Design

This study was an analysis of data from the Comprehensive Assessment of Neurodegeneration and
Dementia (COMPASS-ND) cohort study, a Canadian initiative aimed at examining biological and
clinical features of neurodegenerative diseases and dementia in older adults (Chertkow et al., 2019).
COMPASS-ND is a longitudinal, observational cohort study that recruited participants aged 50 to 90
years from 31 sites across Canada. As of the most recent recruitment update, the COMPASS-ND
cohort consisted of 1173 participants with baseline data, including individuals diagnosed with various
neurodegenerative conditions such as AD, LBD, FTD, and mixed dementia. The cohort also included
participants with MCI, SCI, as well as cognitively unimpaired (CU) older adults who served as a
comparison group. Cognitive diagnoses and classifications were made by consensus among clinician-
researchers based on the study data, including neuroimaging, and physical, clinical, and cognitive
assessments (Chertkow et al., 2019). Exclusion criteria included the presence of significant known
brain disease, drug or alcohol abuse, and a total score < 13 on the Montreal Cognitive Assessment
(Nasreddine et al., 2005). The current study used data from the baseline assessment, which was

conducted over a 2-year period from 2016 to 2018.

3.2 Participants

Participants with baseline data available in the COMPASS-ND study (n = 1,173) were included in
these analyses. A total of 130 participants with missing data on key variables (anxiety, depression,
physical activity, and sleep quality) and an additional 87 participants diagnosed with Parkinson’s
disease without cognitive impairment were removed from the sample. The final analytical sample

included 956 participants.

Participants included 150 people without cognitive impairment, referred to as cognitively
unimpaired (CU), 116 with SCI, 460 people with MCI, and 230 people with dementia. Dementia
subtypes, including AD, LBD, FTD, and mixed dementia, were aggregated for subsequent analyses.

Participants reported their age, sex, and total years of education. Clinical and mental health history
was comprehensively documented, capturing information on 47 physical and mental health
conditions. The total number of comorbidities was calculated for each participant to account for the

overall burden of health conditions. To avoid overadjustment and maintain conceptual clarity,
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conditions related to the study outcomes (anxiety disorder and depression) were excluded from the

comorbidities count. Table 2 describes the characteristics of participants by cognitive status

3.3 Assessments

All assessments in this study were based on self-report instruments that are widely used in older adult
populations. These tools have demonstrated good validity and reliability in the general older adult
population. However, despite their common use in people with cognitive impairment, formal

validation studies among people with MCI or dementia are limited or lacking.

Physical Activity: Physical activity was assessed using the Physical Activity Scale for the Elderly
(PASE), a validated self-report instrument for assessing physical activity frequency, intensity, and
duration over the past week among older adults (Washburn et al., 1999). The PASE score is
calculated as a weighted sum of various activities, including walking, household tasks, and
recreational activities. Each activity in the questionnaire is assigned a weight based on its intensity
(Washburn et al., 1993). The total PASE score is the sum of these weighted activity scores and can
range from 0 to 793, with higher scores indicating greater physical activity levels (Logan et al., 2013).

Sleep Quality: Sleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQI), a self-
report questionnaire designed to evaluate sleep quality over the past month (Buysse et al., 1989). The
PSQI consists of 19 items grouped into seven components: subjective sleep quality, sleep latency,
duration, habitual sleep efficiency, disturbances, use of medication, and daytime dysfunction. Each
component is scored on a scale from 0 to 3, with higher scores indicating greater impairment. The
component scores are summed to generate a global score ranging from 0 to 21, where scores higher

than 5 show a sensitivity of 89% to detect poor sleep quality (Buysse et al., 1989).

Anxiety: Anxiety symptoms were measured using the Generalized Anxiety Disorder 7-item (GAD-
7) scale, a reliable and validated tool for assessing the severity of generalized anxiety symptoms over
the past two weeks (Spitzer et al., 2006). Each of the seven items is scored from 0 to 3, yielding a
total range of 0 to 21. Scores are categorized as follows: 5-9 for mild anxiety, 10—15 for moderate
anxiety, and above 15 for severe anxiety. The GAD-7 has been shown to have excellent internal
consistency (Cronbach’s o = 0.92) and good test-retest reliability (intraclass correlation = 0.83)
among clinical populations (Spitzer et al., 2006). Originally, a cut-off score of 10 was suggested to
rule out generalized anxiety disorder (Spitzer et al., 2006). However, a study by Wild et al. (2014)

further evaluated the GAD-7 in an elderly population aged 58 to 82 years and suggested lowering the
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cut-off scores for detecting generalized anxiety disorder from 10 to 5 for the GAD-7 to enhance
sensitivity and specificity in older adults (Wild et al., 2014). In this study, anxiety scores will be

dichotomized at 5 to classify individuals with anxiety disorder.

Depression: Depression symptoms were measured using the Geriatric Depression Scale (GDS). It
is a self-reported instrument specifically developed to identify depressive symptoms in older adults.
The GDS is composed of 30 items using a simple yes/no response format, making it more appropriate
for individuals who may have cognitive or physical limitations (Yesavage et al., 1982). Scores
ranging from 0 to 9 indicate normal range, 10-19 suggest mild depressive symptoms, and 20-30
indicate severe depressive symptoms. This scale has demonstrated good construct validity, excellent
internal consistency (Cronbach's a = 0.94), and strong test-retest reliability among older adults
(Yesavage et al., 1982). The validity and reliability of the GDS-30 have been assessed in people with
cognitive impairment. A study by Debruyne et al. (2009) reported a moderate and statistically
significant correlation between the GDS and the Cornell scale for depression in dementia
(Alexopoulos et al., 1988) among people with MCI, supporting its criterion validity in this group.
However, only weak correlations were observed in individuals with AD, indicating limited validity of
the GDS in more advanced cognitive impairment (Debruyne et al., 2009). In this study, depression

scores are dichotomized at 10 to capture having at least mild depressive symptoms.

3.4 Data Analysis

All statistical analyses were conducted using R Statistical Software (v4.4.2; R Core Team 2024).

Participants' characteristics are represented in Table 2 as mean (standard deviation) for continuous

variables or percentage (n) for categorical variables.

The primary outcomes were anxiety and depression, defined as binary variables. Although the
GAD-7 and GDS are not diagnostic tools, cutoff scores are commonly used in research to identify
those who are likely to have at least mild anxiety or depression, as validated against clinical
diagnoses. Therefore, in this thesis, participants were identified as having anxiety or depression if

they screened positive for at least mild anxiety or depression based on the cutoffs provided.

The primary independent variables, physical activity (measured by PASE) and sleep quality
(measured by PSQI), were analyzed as continuous variables. Cognitive status was included as a

categorical variable, with older adults without cognitive impairment serving as the reference group.
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3.4.1 Logistic Regression Model Framework

To address the study objectives, a series of logistic regression models was constructed to assess the

odds of anxiety or depression.

For Objective 1, Model 1 was developed with anxiety as a binary outcome variable. The primary
independent variables included physical activity, sleep quality, and cognitive status (categorized as no
cognitive impairment, SCI, MCI, and dementia). Interaction terms between physical activity and
cognitive status, as well as between sleep quality and cognitive status, were included to assess

whether these relationships varied by cognitive status.

For Objective 2, a similar logistic regression model (Model 2) was constructed, this time with
depression as the binary outcome variable. The model included the same set of predictors and

interaction terms as in Model 1.

To examine Objective 3, which explored whether physical activity moderates the relationship
between sleep quality and mental health outcomes, two additional models were developed: Model 3
for anxiety and Model 4 for depression. Both models included cognitive status, physical activity,
sleep quality, and their two-way interaction (physical activity x sleep quality). Also, a three-way
interaction between physical activity, sleep quality, and cognitive status was included to examine if

the moderating effect of physical activity differs by cognitive status.

The secondary objectives of the study (Objectives 4 and 5) were to investigate the associations of
physical activity and sleep quality with anxiety and depression across different types of dementia.
Given the limited sample sizes within each subtype, separate logistic regression models were
constructed for physical activity and sleep quality to preserve statistical power. For objective 4, two
separate Models examined whether the association of physical activity (Model 5) and sleep quality
(Model 6) with anxiety varied by dementia type. Similarly, for objective 5, two models assessed
whether the association of physical activity (Model 7) and sleep quality (Model 8) with depression

varied by dementia type.

3.4.2 Selection of Covariates

To determine the optimal set of covariates for the regression models, a backwards selection

procedure was implemented in R. The initial models included all independent variables — PASE
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scores, PSQI scores, cognitive status category, sex, age, education, income, smoking status, count of

comorbidities, as well as interaction terms between cognitive status and both PASE and PSQI.

Smoking status and income were initially considered important predictors of anxiety based on prior

literature. However, they were not retained in the final models after the backward selection. Most of

the interaction terms were also removed due to a lack of statistical significance. The structure and key

variables of all logistic regression models aligned with the study objectives are summarized in Table

1. Variables and interaction terms that were not retained in the final models following backward

selection are shown in red.

Table 1. Summary of Logistic Regression Models by Study Objective

Logistic
o . Independent Outcome Retained
Objectives Regression
Variables Variables Covariates
Models
Objective 1: To evaluate the PA (PASE)
association between PA and SQ Sleep (PSQI) Anxiety
with anxiety among older adults Cog status
with no cognitive impairment, MCI, Model 1 PA * Cog status, (GAD-725) Sex
SCI, and dementia. Sleep * Cog status
Age
Objective 2: To evaluate the PA (PASE)
association between PA and SQ Sleep (PSQI) Education
with depression among older adults Model 2 Cog status Depression
. e PA * o
with no cognitive impairment, MCI, Cog status, (GDS > 10) Comorbidities
SCI, and dementia. Sleep * Cog status
Objective 3: To evaluate whether PA (PASE) Income
M3: Anxiety
PA modifies the relationship Sleep (PSQI)
(GAD-7>5) .
between SQ with anxiety and Models Cog status Smoking
. . Status
depression among older adults with 3& 4 PA * Sleep

no cognitive impairment, MCI, SCI,

and dementia.

PA * Sleep * Cog status

M4: Depression
(GDS >10)
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Objective 4: To explore whether PA (PASE)
the relationship between PA and SQ Dementia Type
with anxiety and depression varies Models PA * Dementia Type Anxiety
by dementia type 5&6 Sleep (PSQI) (GAD-7 > 5)
Dementia Type
Sleep * Dementia Type
Objective 5: To explore whether PA (PASE)
the relationship between PA and SQ Dementia Type
with anxiety and depression varies Models PA * Dementia Type )
by dementia type 7&8 Sleep (PSQI) Depression
Dementia Type (GDS = 10)
Sleep * Dementia Type

* Note: Variables shown in red were not retained in the final models following backward selection.

* PA: Physical Activity, SQ: Sleep Quality, PASE: Physical Activity Scale for Elderly, PSQI:

Pittsburgh Sleep Quality Index,

3.4.3 Logistic Regression Assumption Checks

Assumptions required for logistic regression were examined as follows:

Sample Size Adequacy: The logistic regression models require a minimum of 10 cases per
independent variable included in the analysis. In this study, 256 participants met the criteria for
anxiety (GAD-7 > 5), and 211 participants met the criteria for depression (GDS > 10). Given
these sample sizes, the models could accommodate up to 20 independent variables while

maintaining adequate statistical power and ensuring reliable coefficient estimates.

Binary Outcome Variable: Anxiety (GAD-7 > 5) and depression (GDS > 10) were treated as

binary dependent variables.

Linearity of Continuous Predictors: The Box-Tidwell test was employed to assess the linearity
of continuous predictors with the logit transformation. The results indicated that PASE, PSQI,

education, and comorbidities met the linearity assumption.

When depression was the outcome variable, all continuous predictors satisfied the linearity

assumption. However, for anxiety, age did not exhibit a linear relationship with the logit
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transformation. Attempts at logarithmic and square root transformations did not improve the
model fit; therefore, age was retained in its original form due to its significance in the model. The
results of the Box-Tidwell tests, as well as the linearity of the logit for age in the anxiety model,

are included in Appendix A.

Multicollinearity Assessment: Variance inflation factor values were all below 5, indicating the

absence of multicollinearity.

Influential Observations: Cook’s distance values were below 0.5, suggesting no undue

influence from outliers.

Model Fit: The Hosmer-Lemeshow goodness-of-fit test indicated satisfactory model fit for both
anxiety (y* =2.74, df = 8, p = 0.95) and depression (y> = 5.37, df =8, p = 0.72).
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4.0 Results

4.1 Descriptive Statistics

The final sample included 956 participants, comprising 230 people with dementia, 460 people with
MCI, 116 people with SCI, and 150 people with no cognitive impairment. Among those with
dementia, the majority had AD (n = 122), followed by LBD (n =41), FTD (n = 36), and mixed

dementia (n=31).

Average age increased progressively from SCI (M = 69.8, SD = 5.9) and cognitively unimpaired
participants (M = 69.9, SD = 6) to those with MCI (M = 73.4, SD = 6.7) and dementia (M = 73.2, SD
=9), with individuals diagnosed with mixed dementia being the oldest on average (M = 78.1, SD =
6.8). Years of education were relatively high across all groups, but individuals with SCI reported the

most years of education (M = 16.1, SD = 2.4).

Sex distribution also differed across cognitive groups. Females were overrepresented in the CU (F
=63.3%, M =36.7%) and SCI (F = 64.7%, M = 53.3%) groups, while participants with dementia
were predominantly male (F = 38.3%, M = 61.7%).

Anxiety and depression were more prevalent among people with dementia (anxiety: 30.4%;
depression: 30.0%) and MCI (anxiety: 31.5%; depression: 25.2%) compared to those with SCI
(anxiety: 13.8%; depression: 13.8%) and CU (anxiety: 16.7%; depression: 6.7%). Notably,
individuals with LBD showed the highest rates (anxiety: 53.7%; depression: 61.0%). Overall, almost
27.0% of participants met the criteria for having anxiety (GAD-7 > 5), and 22.0% met criteria for

depression (GDS > 10). Full descriptive statistics are summarized in Table 2.
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Table 2. Participants’ Characteristics by Cognitive Status

People with AD FTD LBD Mixed MCI SCI CU Total
Characteristics Dementia Dementia Sample
(N=230) (N=122) (N=36) (N=41) (N=31) | (N=460) | (N=116) | (N=150) | (N=956)
Anxiety %(N) 30.4% 21.3% 33.3% 53.7% 32.3% 31.5% 13.8% 16.7% 26.8 %
(GAD-7 > 5) (70) (26) (12) (22) (10) (145) (16) (25) (256)
Depression % (N) 30% 21.3% 36.1% 61.0% 16.1% 25.2% 13.8% 6.67% 22.1%
(GDS > 10) (69) (26) (13) (25) (5) (116) (13) (10) 211)
Age Mean 73.2 73.8 65 74.8 78.1 73.4 69.8 69.9 72.4
(SD) 9) (8.2) (9.8) (7.7) (6.3) 6.7) (5.9) (6) (7.3)
Years of Education 14.6 14.7 14.2 14.7 14.8 15 16.1 15.6 15.1
Mean (SD) (3.2) 3) (3.2) (3.3) 3) 3) (2.4) 2.4 (2.9)
Comorbidities Mean 4.5 3.8 3.6 6.5 5.4 4.9 4.7 4.4 4.7
(SD) (2.9) (2.4) (2.6) (2.8) (3.4) (2.8) (2.9) (2.4) (2.8)
Female 38.3% 47.5% 41.7% 12.2% 32.3% 40.4% 64.7% 63.3% 46.4%
Sex% (83) (58) (15) (5 (10) (186) (75) (95) (444)
™) Mal 61.7% 52.5% 58.3% 87.8% 67.7% 59.6% 35.3% 36.7% 53.6%
A€ (142) (64) 21) (36) 1) (274) (41) (55) (512)

AD: Alzheimer’s Disease, FTD: Frontotemporal Dementia, LBD: Lewy body Dementia, MCI: Mild Cognitive Impairment, CU: Cognitively

Unimpaired Older Adults, SCI: Subjective Cognitive Impairment, SD: Standard Deviation
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4.2 The Association Between Physical Activity and Sleep Quality with Anxiety
(Objective 1)

The results from Model 1 showed that poorer sleep quality (higher PSQI score) was associated with
higher odds of anxiety (OR = 1.138, 95% CI [1.090 — 1.190], p < 0.001). These results suggest that
for each unit increase in PSQI (indicating poorer sleep quality), the odds of anxiety increase by 13.8%
when holding all other variables constant. In contrast, an unexpected finding emerged for physical
activity. A small positive association was observed between PASE scores and anxiety (OR = 1.003,
95% CI[1.001 — 1.006], p = 0.007). Each one-point increase in PASE was associated with a 0.3%
increase in the odds of anxiety. Although the effect size seems to be small, it’s important to note that
PASE is a large scale ranging from 0 to 793, and the odds ratio is based on a one-point increase in
this scale. Therefore, cumulative changes over a broader range may result in more meaningful

differences that warrant further investigation.

These results are based on the full sample, including participants across all cognitive groups. To
assess whether the associations varied by cognitive status, interaction terms between variables and
cognitive group were tested. No significant interactions were found, indicating that the associations
between sleep quality, physical activity, and anxiety were consistent across cognitive groups.
Consequently, interaction terms were removed, and the final model reflects main effects across the

entire sample. Table 3 summarizes the logistic regression results for anxiety.
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Table 3. Regression Results for the Odds of Anxiety (GAD > 5)

Predictor Odds Ratios p-value
(95% Confidence Intervals)

Physical Activity (PASE) 1.003 (1.001 - 1.006) 0.007
Sleep Quality (PSQI) 1.138 (1.090 - 1.190) <0.001
Cognitive Status
Cognitively Unimpaired Older Adults Reference
Dementia 3.546 (2.006 — 6.452) <0.001
Mild Cognitive Impairment (MCI) 3.151 (1.896 — 5.424) <0.001
Subjective Cognitive Impairment (SCI) 0.784 (0.376 — 1.597) 0.506
Age (50 - 90) 0.959 (0.936 — 0.981) <0.001
Sex
Sex (Female) Reference
Sex (Male) 0.675 (0.486 — 0.934) 0.018
Comorbidities 1.148 (1.082 — 1.218) <0.001
Years of Education 0.963 (0.912 - 1.017) 0.179

4.3 The Association Between Physical Activity and Sleep Quality with Depression
(Objective 2)

Results from Model 2 showed that poorer sleep quality was associated with greater odds of
depression (OR = 1.355, 95% CI [1.137 — 1.646], p = 0.001). Each one-point increase in PSQI was
associated with a 35.5% increase in the odds of depression, when holding other variables constant.
Similarly, higher levels of physical activity were associated with lower odds of depression (OR =
0.997, 95% CI[0.994 — 0.999], p = 0.038). Every one-point increase in PASE score is associated with
a 0.4% decrease in the odds of depression. As mentioned previously, although the per-unit association
is small, the large range of PASE scores suggests that more substantial changes in physical activity

may yield a more meaningful reduction in depression risk.

To capture whether the associations differ by cognitive status, interaction terms between predictors
and cognitive group were tested. The interaction between sleep quality and dementia status was
statistically significant (PSQI * Dementia: OR = 0.782, 95% CI [0.635 — 0.948], p = 0.014),
suggesting that the relationship between sleep quality and depression was weaker among people with

dementia compared to older adults without cognitive impairment. No significant interactions were
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found for physical activity, indicating that the association between physical activity and depression
was consistent across cognitive groups. Table 4 summarizes the regression model outputs for

depression.

Table 4. Regression Results for the Odds of Depression (GDS > 10)

Predictor Odds Ratios p-value
(95% Confidence Intervals)

Physical Activity (PASE) 0.997 (0.994 - 0.999) 0.038
Sleep Quality (PSQI) 1.355 (1.137 - 1.646) 0.001
Cognitive Status
Cognitively Unimpaired (CU) Older Adults Reference
Dementia 42.212 (8.366 - 321.839) <0.001
Mild Cognitive Impairment (MCI) 19.443 (3.935 — 146.393) 0.001
Subjective Cognitive Impairment (SCI) 2.614 (0.280 — 28.012) 0.403
Age (50 — 90) 0.939 (0.916 — 0.963) <0.001
Sex
Sex (Female) Reference
Sex (Male) 1.069 (0.752 — 1.524) 0.711
Comorbidities 1.203 (1.130 — 1.283) <0.001
Years of Education 1.000 (0.943 — 1.0610) 0.990
Variations in Sleep-Depression Associations by Cognitive Group
Sleep Quality (PSQI) * CU Reference
Sleep Quality (PSQI) * Dementia 0.782 (0.635 — 0.948) 0.014
Sleep Quality (PSQI) * MCI 0.846 (0.690- 1.019) 0.087
Sleep Quality (PSQI) * SCI 0.963 (0.748 — 1.240) 0.769

4.4 Moderation Effect of Physical Activity (Objective 3)

Results from Model 3, which examined anxiety as the outcome variable, showed no significant
interaction between physical activity and sleep quality (PASE*PSQI: OR = 1.000, 95% CI [0.999 -
1.001], p = 0.332), nor did this interaction vary across cognitive groups. This suggests that the

association between sleep quality and anxiety is independent of physical activity levels.

Model 4 examined depression as the outcome variable. While the three-way interactions between
physical activity, sleep quality, and cognitive status (specifically for MCI and dementia) reached
statistical significance the absence of a significant two-way interaction between physical activity and

sleep quality (PASE*PSQI: OR = 1.0001, 95% CI [0.999 - 1.0008], p = 0.590) raises concerns about
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the reliability of these findings. Such patterns may result from overfitting, and therefore, these results

should be interpreted with caution. Further research with more robust designs is necessary to clarify

these relationships. The results from this analysis suggest that there is no moderation effect between

physical activity and sleep quality in reducing the odds of anxiety or depression. Table 5 represents

the regression results for the interactions between physical activity and sleep quality.

Table 5. Regression Results for the Moderation Effect of Physical Activity

Anxiety (GAD-7 > 5) Depression (GDS >10)
Odds Ratios Odds Ratios
Predictor p-value p-value
95% CI) (95% CI)
Physical Activity (PASE) 1.002 0.435 0.999 0.970
(0.997 - 1.006) (0.994 - 1.005)
Sleep Quality (PSQI) 1.110 0.016 1.205 <0.001
(1.019 - 1.209) (1.105 - 1.319)
Cognitive Status
Cognitively Unimpaired (CU) Reference
Dementia 5.197 <0.001 16.205 <0.001
(2.331 - 12.841) (5.981 -49.253)
MCI 3.432 0.003 11.165 <0.001
(1.605 - 8.222) (4.279 - 32.934)
SCI 0.673 0.520 2.492 0.174
(0.192 - 2.233) (0.656 - 9.446)
Age (50-90) 0.956 <0.001 0.938 <0.001
(0.933 -0.978) (0.914 - 0.962)
Years of Education 0.963 0.174 1.008 0.784
(0911 - 1.0169) (0.950 - 1.069)
Sex
Sex (Female) Reference
Sex (Male) 0.682 0.022 1.0512 0.782
(0.491 - 0.946) (0.738 - 1.500)
Comorbidities 1.148 <0.001 1.200 <0.001
(1.082 - 1.219) (1.128 - 1.280)
PA : SQ 1.000 0.332 1.0001 0.590
(0.999 - 1.001) (0.999 - 1.0008)

Variations in the moderation effect by cognitive group

PA:SQ:CU

|

Reference
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PA : SQ : Dementia 0.999 0.140 0.9991 0.027
(0.998 - 0.998) (0.998 - 0.9999)

PA: SQ : MCI 0.999 0.898 0.99918 0.021
(0.999 - 1.000) (0.998 - 0.9999)

PA: SQ : SCI 1.000 0.737 0.9997 0.665
(0.999 - 1.001) (0.998 - 1.000)

MCI: Mild Cognitive Impairment, SCI: Subjective Cognitive Impairment, CU: Cognitively Unimpaired
CI: Confidence Interval, PA: Physical Activity, SQ: Sleep Quality
PASE: Physical Activity Scale for Elderly, PSQI: Pittsburgh Sleep Quality Index

4.5 Differential Association of Physical Activity and Sleep Quality with Anxiety and
Depression Across Dementia Subtypes (Objectives 4 & 5)

Among the 230 participants diagnosed with dementia, 70 exhibited at least mild anxiety (GAD-7 >
5), and 69 met the criteria for at least mild depression (GDS > 10). To preserve statistical power
within each dementia subtype, four separate logistic regression models were conducted to examine

the association between physical activity and sleep quality with anxiety and depression outcomes.

No statistically significant interactions were found between dementia subtype and either physical
activity or sleep quality in predicting anxiety or depression. These findings suggest that the
associations between physical activity, sleep quality, and mental health outcomes were similar across
dementia types within this sample. However, it is important to note that these exploratory analyses
were limited by small sample sizes within dementia subtypes, which may have reduced the ability to
detect meaningful differences. Further studies with larger and more diverse dementia populations are
needed to better understand potential differences in these associations across dementia types. Tables 6

to 9 present the results of the exploratory logistic regression models across dementia subtypes.
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Table 6. Regression Results for the Association Between Physical Activity and Odds of Anxiety

(GAD-7 > 5) Across Dementia Subtypes

Predictor Odds Ratios p-value
(95% Confidence Intervals)

Physical Activity (PASE) 1.003 (0.995 - 1.011) 0.471
Dementia Type
Alzheimer’s Disease (AD) Reference
Frontotemporal Dementia (FTD) 1.665 (0.279 - 9.244) 0.564
Lewy Body Dementia (LBD) 3.205(0.784 — 12.934) 0.100
Mixed Dementia 4.940 (0.711 - 37.484) 0.109
Age 0.976 (0.935-1.018) 0.257
Sex
Sex (Female) Reference
Sex (Male) 0.550 (0.271 - 1.099) 0.093
Comorbidities 1.178 (1.048 - 1.333) 0.007
Years of Education 0.977 (0.882 — 1.083) 0.660
Variations in Physical Activity-Anxiety Association by dementia Type
Physical Activity (PASE)* AD Reference
Physical Activity (PASE)* FTD 0.999 (0.984 - 1.0136) 0.878
Physical Activity (PASE)* LBD 1.003 (0.991 - 1.016) 0.665
Physical Activity (PASE)* Mixed Dementia 0.985 (0.957 - 1.009) 0.251
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Table 7. Regression Results for the Association Between Sleep Quality and Odds of Anxiety

(GAD-7 > 5) Across Dementia Subtypes

Predictor Odds Ratios p-value
(95% Confidence Intervals)

Sleep Quality (PSQI) 1.138 (1.005 - 1.298) 0.045
Dementia Type
Alzheimer’s Disease (AD) Reference
Frontotemporal Dementia (FTD) 3.423 (0.748 - 15.018) 0.104
Lewy Body Dementia (LBD) 1.405 (0.193 - 8.188) 0.717
Mixed Dementia 2.451 (0.445 - 12.066) 0.280
Age 0.976 (0.938 - 1.015) 0.240
Sex
Sex (Female) Reference
Sex (Male) 0.581 (0.289 - 1.156) 0.122
Comorbidities 1.131 (0.998 - 1.289) 0.058
Years of Education 1.012 (0.909 — 1.128) 0.829
Variations in Sleep Quality-Anxiety Association by dementia Type
Sleep Quality (PSQD* AD Reference
Sleep Quality (PSQD* FTD 0.846 (0.684 - 1.036) 0.112
Sleep Quality (PSQI)* LBD 1.142 (0.882 - 1.554) 0.349
Sleep Quality (PSQI)* Mixed Dementia 0.936 (0.693 - 1.274) 0.665
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Table 8. Regression Results for the Association Between Physical Activity and Odds of
Depression (GDS > 10) Across Dementia Subtypes

Predictor Odds Ratios p-value
(95% Confidence Intervals)

Physical Activity (PASE) 1.001 (0.993 - 1.009) 0.774
Dementia Type
Alzheimer’s Disease (AD) Reference
Frontotemporal Dementia (FTD) 1.315(0.224 —7.153) 0.754
Lewy Body Dementia (LBD) 5.138 (1.383 - 20.047) 0.015
Mixed Dementia 3.174 (0.307 - 31.429) 0.318
Age 0.937 (0.896 - 0.978) 0.003
Sex
Sex (Female) Reference
Sex (Male) 1.167 (0.571 - 2.405) 0.673
Comorbidities 1.208 (1.071 - 1.372) 0.003
Years of Education 1.009 (0.909 — 1.123) 0.854
Variations in Physical Activity-Depression Association by dementia Type
Physical Activity (PASE)* AD Reference
Physical Activity (PASE)* FTD 1.000 (0.986 - 1.015) 0.992
Physical Activity (PASE)* LBD 0.997 (0.986 - 1.008) 0.597
Physical Activity (PASE)* Mixed Dementia 0.973 (0.935 - 1.004) 0.127
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Table 9. Regression Results for the Association Between Sleep Quality and Odds of Depression

(GDS > 10) Across Dementia Subtypes

Predictor Odds Ratios p-value
(95% Confidence Intervals)

Sleep Quality (PSQI) 1.053 (0.929 - 1.197) 0.411
Dementia Type
Alzheimer’s Disease (AD) Reference
Frontotemporal Dementia (FTD) 2.308 (0.528 -9.717) 0.256
Lewy Body Dementia (LBD) 2.720 (0.495 - 14.099) 0.237
Mixed Dementia 0.554 (0.055 - 3.688) 0.571
Age 0.944 (0.905 - 0.982) 0.005
Sex
Sex (Female) Reference
Sex (Male) 1.130 (0.559 - 2.315) 0.734
Comorbidities 1.195 (1.049 - 1.371) 0.008
Years of Education 1.028 (0.923 - 1.147) 0.616
Variations in Sleep Quality-Depression Association by dementia Type
Sleep Quality (PSQD* AD Reference
Sleep Quality (PSQD)* FTD 0.909 (0.741 - 1.111) 0.352
Sleep Quality (PSQD)* LBD 1.047 (0.828 - 1.359) 0.709
Sleep Quality (PSQI)* Mixed Dementia 1.021 (0.694 - 1.480) 0.913
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5.0 Discussion

This analysis of the COMPASS-ND study examined the association between physical activity and
sleep quality with odds of anxiety or depression among older adults with varying cognitive statuses.
Poorer sleep quality was associated with a higher odds of anxiety and depression. However, the
relationship between sleep quality and depression was weaker among people with dementia compared
to people without cognitive impairment. As expected, greater physical activity was associated with
lower odds of depression. However, an unexpected positive relationship was observed for anxiety,
suggesting that greater physical activity was associated with higher odds of anxiety. Neither these
behaviours (i.e., sleep, physical activity) nor dementia type moderates the relationship between
physical activity or sleep quality and odds of anxiety or depression. Overall, the consistent
associations observed between poor sleep quality and increased risk of mental health outcomes
underscore the need to prioritize sleep interventions in older adults across the cognitive impairment

spectrum.

The most surprising finding from this study was that people with greater physical activity also had
higher odds of having anxiety. This finding is inconsistent with most controlled trials among adults
and older adults without cognitive impairment, which most often suggest a small, positive effect on
anxiety symptoms (Stubbs et al., 2017; Ruiz-Comellas et al., 2022). It should be noted, however, that
randomized controlled trial results are not consistent. For example, a 2024 systematic review of 25
recent randomized controlled trials among adults and older adults with anxiety as the primary
outcome suggested inconsistent and uncertain results on the effectiveness of physical activity in
reducing anxiety symptoms (Stonerock et al., 2024). The review reported that 18 out of 25 trials
either had ambiguous results or did not improve anxiety. The authors pointed out that methodological
limitations, such as small sample sizes, lack of control for placebo effect, and lack of blinding, limit
interpretability. While it is possible that physical activity has a neutral or negative effect on anxiety,
recent clinical guidelines cautiously recommend exercise for treating anxiety. For example, the
Canadian guidelines for the assessment and treatment of anxiety in older adults made a conditional
recommendation of aerobic exercise and strength training for reducing anxiety symptoms, and

mentioned that the certainty of evidence is very low (laboni et al., 2025).

On the other hand, it is possible that physical activity has a positive effect (as is suggested in some
trials), but that this effect is hidden in this observational study. This could occur if older adults with
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early stages of cognitive impairment who are more physically active were also more aware of their
functional decline, and this could lead to a higher likelihood of anxiety. Alternatively, individuals
with anxiety may use physical activity as a coping mechanism. Indeed, during the COVID-19
pandemic, 80% of community-dwelling older adults engaged in walking or home-based physical
activities as a coping behavior (Ejiri et al., 2021). Physical activity may reduce anxiety by providing
distraction or "time out" from stressors (Anderson & Shivakumar, 2013), and health-related concerns
may motivate some individuals to be more active to prevent future health decline (Buman et al.,
2010). Future research should also explore potential moderators influencing the relationship between
physical activity and anxiety in older adults with cognitive impairment. Factors such as physical
activity dose (frequency, intensity, and type), baseline anxiety levels, cognitive status, and anxiety
sensitivity may alter the direction or strength of these associations. For instance, individuals with high
anxiety sensitivity may interpret normal physiological responses to exercise, such as elevated heart
rate or shortness of breath, as symptoms of anxiety, potentially increasing rather than reducing

anxiety (Farris et al., 2019).

Other main effects between physical activity, sleep quality, anxiety and depression were in the
expected directions. That is, greater physical activity was associated with reduced odds of depression,
and poorer sleep quality was associated with increased odds of anxiety and depression, in line with
most prior literature (Noetel et al., 2024; Scott et al., 2021). However, contrary to hypotheses, only
the relationship between sleep quality and depression appeared to be modified with cognitive status,
where the relationship was weaker among people with dementia than among people without cognitive
impairment. People with dementia often use sedatives, antipsychotics, or antidepressants (Byeon et
al., 2025), which can mask depressive symptoms or alter sleep patterns. Also, symptoms of anxiety
and depression often overlap with neuropsychiatric symptoms of dementia over time (Cerejeira et al.,
2012), making it more difficult to differentiate or diagnose depression and to find a relationship
between sleep and depression. Furthermore, sleep tends to become more disrupted and fragmented
with more awakening periods as cognitive impairment progresses (Mukherjee et al., 2024). Therefore,
in people with dementia, sleep quality is generally reduced, and neuropsychiatric symptoms are
present in up to 90% of individuals (Cerejeira et al., 2012). This widespread prevalence results in
limited variability in both sleep quality and symptoms of anxiety and depression, potentially leading
to less ability to find differences in this population. This could explain the weaker relationship

between sleep quality and depression in people with dementia compared to older adults without
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cognitive impairment. Though the difference was not significant for people with MCI versus those
without cognitive impairment, the difference approached statistical significance (OR = 0.846, 95% CI
[0.690 - 1.019], p = 0.087), suggesting that the relationship between sleep quality and depression
might become weaker with increasing severity of cognitive impairment. This preliminary observation

warrants further investigation with larger sample sizes.

Other subgroup analyses suggested that there is no effect modification by cognitive status. The
association between physical activity and anxiety or depression, and sleep quality and anxiety,
remained consistent across cognitive groups. Most of the interactions with cognitive status had odds
ratios between 0.9 and 1.1 and p-values greater than 0.1, with relatively narrow confidence intervals

that included 1. As a result, the lack of effect modification is likely to be unrelated to sample power.

Physical activity was also investigated as a moderator of the relationship between sleep quality and
anxiety and depression, with no significant effect modification observed. In other samples, the
evidence for a moderating effect by physical activity is currently limited and inconsistent. Of the
three relevant studies, two identified a statistically significant moderating effect of physical activity in
the relationship between sleep quality and depressive symptoms (Cheval et al., 2022; Yang et al.,
2023). Cheval et al. (2022) found that physical inactivity strengthened the link between poor sleep
quality and depressive symptoms in over 79,000 European adults aged 50 and above. Similarly, Yang
et al. (2023) reported that greater physical activity was associated with lower depression risk, but only
among those with good or moderate sleep in a population of 11,423 Chinese university students. In
contrast, a doctoral dissertation among 14,093 American older adults aged 55 and above by
Wickersham (2022) found no significant interaction between self-reported physical activity and
insomnia with depressive symptoms (Wickersham, 2022). Our findings align with this latter body of

evidence.

These inconsistent results suggest that the moderating effect of physical activity may vary
depending on population characteristics or methodology. For example, the absence of a moderation
effect in our analysis may reflect the biological nature of sleep disruptions in older adults with
cognitive impairment. While poor sleep in younger populations is often behavioral and responsive to
lifestyle interventions like physical activity (S. Brand et al., 2010), sleep disturbances in older adults
with cognitive impairment are more likely driven by circadian dysregulation or neurodegenerative

changes (Ju et al., 2014), which may limit the moderating role of physical activity.
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The analyses by dementia subtype revealed no significant interaction between dementia subtype
with either physical activity or sleep quality on mental health outcomes. This null finding contradicts
our hypothesis and could be attributed to small and uneven sample sizes, which limited the statistical
power. Each subtype of dementia has distinct neuropathological characteristics, and it is expected that
physical activity and sleep show different mental health outcomes in each group based on different
physiological mechanisms (De la Rosa et al., 2020; Silva et al., 2019). The relationship between sleep
quality and anxiety in FTD approached statistical significance (OR = 0.829, 95% CI [0.672 - 1.012],
p =0.071), which may reflect a true difference that was not detected due to limited statistical power.
If this observed trend reflects an underlying difference, it could suggest sleep has a weaker
association with anxiety in FTD compared to AD, potentially due to differences in neuropathology of
each subtype, though more study is needed with greater sub-samples by dementia type. Additionally,
the self-reported tools used in this study may not have been sensitive enough to detect subtle
associations with mental health across dementia subtypes, particularly given that their validity and
psychometric properties are not well established in people with dementia. Therefore, the null findings
of subgroup analysis across dementia types may be due to either low statistical power or

methodological limitations.

5.1Strengths and Limitations

This analysis offers valuable insights into the associations between physical activity and sleep
quality with symptoms of anxiety and depression among older adults with different cognitive statuses.
A major strength of this study is the use of a large cohort of participants across the full cognitive
impairment spectrum, including older adults without cognitive impairment as a comparison group.
Importantly, the categorization of cognitive impairment and dementia subtypes was based on

clinician-confirmed diagnosis, enhancing the reliability and robustness of subgroup classification.

However, a few limitations should be considered when interpreting the results. First, it’s important
to note that the cross-sectional design of this study cannot determine the direction of causality (if
any), and all the associations are only correlational rather than explaining the direction of the

relationships.

Second, all key variables, including anxiety, depression, physical activity, and sleep quality, were
assessed through self-reported questionnaires, which may be subject to recall inaccuracies. This can
be even more concerning in people with cognitive impairment, where memory deficits and reduced
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self-awareness may affect the validity of responses. Additionally, while the measures used in this
study (PASE, PSQI, GAD-7, and GDS) are widely used in older adults with and without cognitive
impairment, most have not been specifically validated in dementia populations, raising concerns

about their accuracy and interpretability in this context.

Third, the power to detect significant associations within subgroups, especially dementia subtypes,
may have been limited due to small and uneven sample sizes. Limited power may therefore explain
the absence of statistically significant findings in some subgroup analyses. Future research with
larger, more balanced samples is needed to clarify potential group-specific relationships. Also, no
data were available for individuals with VaD, the second most common dementia subtype, which

limits the ability to generalize findings across the full spectrum of dementia subtypes.

Finally, the participants of the COMPASS-ND study might not fully represent the broader
Canadian population. Recruitment was primarily conducted through memory clinics, stroke clinics,
movement disorder clinics, and research groups, mostly in urban areas. Further, the COMPASS-ND
sample lacks ethnoracial diversity, with approximately 90% of participants identifying as White
(Compass-ND - CCNA - CCNV 2025). In addition, more than 81% of the participants had education
beyond a high school diploma. These factors limit the generalizability of the findings as they may be
more representative of highly educated, urban-dwelling, White individuals. Lower-educated
individuals or those from lower ethnoracial minority groups often face barriers to care and
underreport mental health symptoms due to stigma or lack of awareness (Lin, 2023). Nevertheless,
the prevalence rates of anxiety and depression in this analysis were mostly aligned with previous

research, averaging around 30% in older adults with cognitive impairment (Zhang et al., 2012).

5.2 Conclusion and Future Directions

Taken together, the findings from this thesis highlight the potential role of sleep quality in influencing
symptoms of anxiety and depression in older adults with different cognitive statuses. Poor sleep
emerged as a consistent factor associated with worse mental health outcomes, which underscores the
need to prioritize development of effective sleep interventions as part of the holistic care for people
with and without cognitive impairment. Physical activity also emerged as a promising lifestyle
approach for managing depression. However, its unexpected positive association with anxiety
suggests a more complex relationship that should be approached more cautiously for treatment of
mental health conditions. The overall consistency between these associations across the cognitive
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impairment spectrum suggests that interventions to improve mental health need not be entirely
distinct for people of different cognitive abilities. Future longitudinal and intervention-based studies
are needed to build on this work and clarify the potential direction of these associations. Additionally,
studies with larger and more balanced samples across dementia subtypes are warranted to better

understand potential subgroup differences.
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Appendices

Appendix A: Box-Tidwell Test Results

Summary of the Box-Tidwell Test for the Anxiety Model

Variable Interaction Term p-value Interpretation
Physical Activity PASE:logPASE 0.5090 Linearity holds
Sleep Quality PSQI:1ogPSQI 0.2428 Linearity holds
Age Age:logAge 0.0418 X Linearity violated
Years of Education Years.of.education:logEducation 0.7531 Linearity holds
Comorbidities Comorbidities:logComorbidities 0.4679 Linearity holds

PASE: Physical Activity Scale for Elderly, PSQI: Pittsburgh Sleep Quality Index

Visualization of Linearity Assumption for Age in Anxiety Model

Logit vs. Age

Logit (Log-Odds)
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Appendix B: Questionnaires

Geriatric Depression Scale (GDS) 30 items

Medscapee www.medscape.com

Pauent Examiner Date
Directions to Patient: Please choose the best answer for how you have felt over the past week.
Directions to Examiner: Present questions VERBALLY. Circle answer given by patient. Do not show to patient.
. Are you basically satisfied withyour life? ............................ yes no(l)
2. Have you dropped many of your activities and interests? ... ves (1) no
3. Do you feel that your life isempty? ... ..o ves (1) no
4: Doyouoflenpetboved? .. ciuiisisusnisiansiannasiasein: yes (1) no
9: Are YO Nopefulaboute AMUNY. o iaiaimiamemmems yes no(l)
6.  Arc you bothered by thoughts you can’t get out of your head? ............. ves (1) no
7. Are you in good spirits most of the time? ... ... yes no(l)
8. Are you afraid that something bad is going to happento you? .. ........... ves (1) no
9. Doiyou fecl happy most Of ReNME? v umaiisivai v iiteaeasis s ey yes no(l)
10; ‘Do you often fecl heIpless? . ... cu couiiws s ivamnamammsmaa s ves (1) no
11. Do you often get restless and fidgety? ... i, ves (1) no
12. Do you prefer to stay at home rather than go out and do things? . ... ... ... ves (1) no
13. Do you frequently worry about the future? ... ... ves (1) no
14. Do you feel you have more problems with memory thanmost? ... ... .. .. yes(l)  no
15. Do you think it is wonderful tobe alive now? ... .. ... ... ... ......... yes no(l)
16. Do you feel downheartedand blue? ... oo ool ves(l)  no
17. Do you feel pretty worthless the way youare now? ... ... .......... yes(l)  no
I8, Doyouworryalotaboutthe past? ... i yes(l) no
19. Doyoufind life very exciting? .. .....cocveieieerencnironncaccnanns yes no(l)
20. 1s 1t hard for you to get started on new projects”? ... ves (1) no
21 ‘Do you feel TRILOFenerBY? . v vwamarsmas diaimmmisieine s soniessine seint yes no(l)
22. Do you feel that your situation 1s hopeless? .. ... ... . ... ... ... ves (1) no
23. Do you think that most people are better off than youare? .. .............. yves(l)  no
24. Do you frequently get upsct over little things? ... ...l yes(l)  no
25; ‘Do'you frequently feel Bke erying?. . ... cuon s sisiame ssmpm ssimsesis s s ves (1) no
26. Do you have trouble concentrating”? ... ves (1) no
27. Do you enjoy getting up inthe moming? ... ..., yes no(l)
28. Do you prefer to avoid social occasions? ... iiiii i, ves (1) no
29. s it casy for:you 10 make deCISIONST o« v« e.v'vave s6 sieinie aissinie s sisssssisespe yes no(l)
30. Isyourmindasclearasitusedtobe? ... yes no(l)
TOTAL: Please sum all bolded answers (worth one point) for a total score.
Scores: 0 -9 Normal 10 - 19 Mild Depressive 20 - 30 Severe Depressive
Source: www.stanford.edu/~ yesavage

Source: Dermatol Nurs © 2002 Jannetti Publications, Inc.
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Generalized Anxiety Disorder-7 item (GAD-7)

Not at all Several days h:?:ﬁ:;ir;fs e?::/gay
Feeling nervous, anxious or on edge 0 1 2 3
Not being able to stop or control worrying 0 1 2 3
Worrying too much about different things 0 1 2 3
Trouble relaxing 0 1 2 3
Being so restless that is hard to sit still 0 1 2 3
Becoming easily annoyed or irritable 0 1 2 3
Feeling afraid as if something awful might happen 0 1 2 3
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Pittsburgh Sleep Quality Index (PSQI)

Instructions: The following questions relate to your usual sleep habits during the past month only. Your
answers should indicate the most accurate reply for the majority of days and nights in the past month.

Please answer all questions.

PO~

different than the number of hours you spent in bed.) ___

During the past month, what time have you usually gone to bed at night?
During the past month, how long (in minutes) has it usually taken you to fall asleep each night? __
During the past month, what time have you usually gotten up in the morning? _
During the past month, how many hours of actual sleep did you get at night? (This may be

5. During the past month, how often have you had trouble
sleeping because you...

INot during
the past
month

Less than once
a week

a week

Once or twice|

Three or more
times a week

a. Cannot get to sleep within 30 minutes

b. Wake up in the middle of the night or early morning

c. Have to get up to use the bathroom

d. Cannot breathe comfortably

e. Cough or snore loudly

f. Feel too cold

g. Feel too hot

h. Have bad dreams

i. Have pain

j. Other reason(s), please describe:

6. During the past month, how often have you taken
medicine to help you sleep (prescribed or
“over the counter”)?

7. During the past month, how often have you had trouble
staying awake while driving, eating meals, or engaging in
social activity?

INo problem |[Only a very  [Somewhat of |A very big
at all slight problem [a problem  [problem
8. During the past month, how much of a problem has it
been for you to keep up enough enthusiasm to get things
done?
Very good |Fairly good  |Fairly bad  [Very bad

9. During the past month, how would you rate your sleep
quality overall?
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INo bed Partner/room |Partner in same |Partner in same bed
partner or  |mate in room but
room mate |other room |not same bed

10. Do you have a bed partner or room mate?
INot during  |Less than Once or twice a Three or
the past once a week |[week more times a week
month

If you have a room mate or bed partner, ask
him/her how often in the past month you have
had:

a. Loud snoring

b. Long pauses between breaths while asleep

c. Legs twitching or jerking while you sleep

d. Episodes of disorientation or confusion
during sleep

e. Other restlessness while you sleep, please
describe:

68




oo

PASE SCORING FORM

PASE Activity | Activity | Frequency
Item Type of Activity Weight Frequency
1. Leisure time Activity
2. Walk outside home 20 a.
3. Light sport / recreational activities 21 a.
4. Moderate sport / recreational activities 23 a.
5. Strenuous sport / recreational activities 23 a.
6. Muscle strength / endurance exercises 30 a.
7. Light housework 25 b.
8. Heavy housework or chores 25 b.
9a. Home repairs 30 b.
9b. Lawn work or yard care 36 b.
9c. Outdoor gardening 20 b.
9d. Caring for another person 35 b.
10. Work for pay or as volunteer 21 C.
PASE
SCORE:

Activity Frequency Values:

Use hours per day conversion table below

1 = activity reported in past week, 0 = activity not reported

Divide work hours reported in Item 10.1 by seven; if no work hours or if job involves mainly sitting with
slight arm movements (Item 10.2 = 1), then activity frequency = 0.
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ACTIVITY TIME TO HOURS PER DAY

CONVERSION TABLE

Days of Activity | Hours Per Day of Activity Hours Per Day
0. Never

I. Less than I hour 1

2. 1-2 hours 32

1. Seldom 3. 2-4 hours .64

4. More than 4 hours 1.07

I. Less than 1 hour 25

2. 1-2 hours 75

2. Sometimes 3. 2-4 hours 1.50

4. More than 4 hours 2.50

1. Less than 1 hour 43

2. 1-2 hours 1.29

3. Often 3. 2-4 hours 2.57

4. More than 4 hours 4.29
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