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Stress is multidimensional and can be labeled as acute, chronic, or cumulative.
Cumulative lifetime stress encompasses the exposure to stressors occurring over the course of the
lifetime, instead of focusing on a specific time point. Not surprisingly, exposure to stress over the
lifetime can pose significant negative effects on one’s physical, mental, and emotional wellbeing.
It has further been suggested that exposure to cumulative lifetime stress can have varying effects
on cognitive function and sleep. While some studies have previously examined these
relationships, more research is needed. As such, the goal of the current study was to examine the
relationship between cumulative lifetime stress and cognitive function, the relationship between
cumulative lifetime stress and sleep function, and the role of resilience as a moderator in the
stress-cognitive function and stress-sleep relationships in a college student sample (n = 153).
Linear regressions and moderation analyses were used to ascertain those relationships. Results
demonstrated that cumulative lifetime stress did not predict variables of cognitive function,
except for working memory, where greater cumulative lifetime stress was associated with better
working memory task performance. In contrast, cumulative lifetime stress predicted sleep

outcomes, with greater cumulative lifetime stress associated with more sleep quality



disturbances, and greater insomnia severity, and daytime sleepiness. In both analyses, resilience
as a moderator did not influence those relationships. Findings from the current study underscore
the detrimental effects of lifetime stress exposure on health outcomes, further adding to existing

literature.
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CHAPTER I: INTRODUCTION

Stress is an integral part of life that is experienced throughout one’s lifespan. The
construct of stress is a complex phenomenon that can be categorized as acute, chronic, or
cumulative. Acute stress refers to the experience of events that occur and subside suddenly, such
as getting into a car accident or getting fired from a job, whereas chronic stress refers to
adversities that persist over a prolonged period, such as living with a chronic health condition or
experiencing ongoing financial instability (Shields & Slavich, 2017; Slavich & Shields, 2018).
Cumulative stress exposure is conceptualized as the sum of both acute and chronic stressors
occurring throughout one’s lifetime (Lupien et al., 2009; Slavich & Shields, 2018). Depending
on the type, frequency, duration, and intensity of a particular stressor, there may be a variation in
neural, neuroendocrine, and inflammatory processes, which in turn may negatively impact one's
health (e.g., by increasing the risk for heart disease, metabolic syndrome, anxiety, depression,
sleep disruption, and/or cognitive impairment; Cazassa et al., 2020; Slavich & Shields, 2018).

The experience of both acute and chronic stress may have unique and variable effects on
individuals' mental and physical health. For instance, although exposure to acute stress in healthy
individuals may be adaptive and serve an essential function such as a “fight or flight” response,
exposure to chronic stress can have damaging effects on one's health and wellbeing (Muscatell et
al., 2009; Schneiderman et al., 2005; Slavich, 2016). Exposure to repeated stressors has been
linked to structural, functional, and chemical changes in the brain, cardiovascular disease,
metabolic syndrome, as well as several other psychiatric and medical conditions (Cohen et al.,
1998; Linsky et al., 1985; Lucassen et al., 2014; Mariotti, 2015; Rohleder et al., 2019).

Given its importance in clinical health outcomes, to date, there are several existent

guestionnaires that aim to measure the experience of lifetime stress. However, these assessments


https://www.sciencedirect.com/science/article/abs/pii/S0306453018306954#!

are often criticized in the literature for their relatively narrow focus on specific types of stressors
(e.g., major life events, daily stressors) occurring at a specific time point in an individual’s life
(e.g., during childhood, in the past month). As such, these measures may not comprehensively
capture the range of responses consistent with cumulative lifetime stress exposure (Shields &
Slavich 2017). To address this gap in stress measurement, the Adult Stress and Adversity
Inventory (STRAIN) was developed to assess stress accumulation over the lifespan (Shields &
Slavich, 2017; Slavich & Shields, 2018). The STRAIN is an online, self-report instrument that
assesses both acute and chronic stressors experienced over a lifetime including the assessment of
severity, frequency, timing, and duration of those stressors (Slavich & Epel, 2010; Slavich &
Shields, 2018).

Not surprisingly, prolonged exposure to stress exerts negative effects on cognitive
function and sleep in both healthy individuals and those living with mental illness (Marin et al.,
2011; McEwen & Sapolsky, 1995). Existing studies utilizing the STRAIN suggest that
cumulative lifetime stress is associated with disrupted memory (Goldfarb et al., 2017) and poor
sleep quality (Cazassa et al., 2020; Slavich & Shields, 2018). Although some aspects of
cognition in relation to the STRAIN have already been examined (e.g., episodic memory,
stimulus-response memory; Senft Miller et al., 2021; Shields et al., 2019), the effects of
cumulative lifetime stress and other abilities contributing to cognitive function (e.g., processing
speed, verbal memory, visual memory) need further exploration. Similarly, while sleep quality
has already been investigated in relation to the STRAIN, other aspects of sleep impairment (e.g.,
subcomponents of sleep quality, insomnia severity, and daytime sleepiness) require further
investigation (Cazassa et al., 2020; Slavich & Shields, 2018). Furthermore, to our knowledge, no

studies have explored how resilience (i.e., the process of successfully adapting to stressors)



moderates these relationships between cumulative lifetime stress and cognitive function, and
cumulative lifetime stress and sleep.

Given the relative lack of existing literature on the relationships between cumulative
lifetime stress measured by the STRAIN, cognitive function, sleep, and resilience, the current
study has several goals. The first goal is to examine the relationship between cumulative lifetime
stress and four domains of cognitive function (i.e., working memory, processing speed, attention,
verbal and visual episodic memory). The second goal is to explore the relationships between
cumulative lifetime stress and three domains of sleep: sleep quality, insomnia severity, and
daytime sleepiness. The final goal is to examine the moderating role of resilience in both of these
relationships. To date, little is known about the influence of resilience on cumulative lifetime

stress exposure and its effects on individuals' mental and physical health.



CHAPTER II: LITERATURE REVIEW
Part 1: Stress
Overview of Stress, Allostasis, and Allostatic Load

Stress is vital for survival and is experienced by humans across the lifespan. In the
literature, the concept of stress is often associated with Hans Selye's descriptions of the "fight or
flight" response to a threat (Selye, 1976). Earlier theories have attributed biological responses to
stress as adaptive mechanisms leading to survival rather than categorizing them as chronic states.
However, in the past 50 years, coinciding with the emergence of neuroscience, it has been
suggested that stress response is not purely an “emergency system,” but instead an evolving
mechanism, in which the brain and the body adapt and persevere in response to adversities.
These biological adaptations are further thought to be highly dependent on the individual’s
context, environment, and social support (McEwen & Akil, 2020).

Although acute responses to stress are essential for survival and functioning (e.g., "fight
or flight" response; alertness), chronic and frequent stress occurrences can become toxic,
ultimately harming both physical and mental health. Therefore, stress can further be
differentiated and conceptualized as either "good” (eustress) or "bad" (distress; McEwen, 2019;
Spencer-Segal & AKkil, 2019). The body's adaptive responses that promote successful coping are
referred to as allostasis (McEwen, 2000; McEwen, 2004). With repeated maladaptive responses
to adversity, the body may begin experiencing "wear and tear," referred to as allostatic load,
leading to negative physical and mental health consequences (McEwen 2000; McEwen 2004).
The concepts of allostasis and allostatic load highlight the protective factors of multiple variables
associated with adaptation and represent the damage that occurs if the same mediators are

dysregulated (McEwen & Akil, 2020).



The brain plays a central role in the biological stress response as it distinguishes between
threatening and non-threatening stimuli and subsequently determines its physiological and
behavioral responses (McEwen, 1998). The brain is a vulnerable organ that can change and adapt
to acute and chronic stressors by involving and directing several body systems, including
cardiovascular, metabolic, immune, and neuroendocrine markers. As a result, these systems
contribute to short- or long-term consequences of undergoing stressful experiences. The adaptive
plasticity and resilience of the brain evolve over the course of the lifespan; however, during
certain periods such as early childhood and adolescence, the brain may be particularly
susceptible to stress. Although the brain can be resilient and adaptable, repeated stress may
impair these abilities leading to damaging effects throughout the body (Lupien et al., 2007;
McEwen, 2020).

Understanding the neurobiology of stress is important given its clinical implications and
role in effective interventions and treatment planning. A complex set of mediators participate in
allostasis, resulting in adaptive plasticity and activation of maladaptive processes. Acute or
unexpected stimuli, either internal or environmental, trigger neural responses in the brain.
Stimuli perceived as threatening, more specifically, activate a complex set of brain-body
processes known as a stress response. A key stress response system is the hypothalamic-
pituitary-adrenal (HPA) axis, which consists of a complex mechanism that captures positive and
negative feedback between respective glands. The hormones of the HPA-system consist of
corticotropin, corticotropin-releasing hormone, and cortisol, and the receptors of those hormones
(Hosseinichimeh et al., 2015; Lupien et al., 2007; Lupien et al., 2009).

After an organism perceives a stimulus, the corticotropic-releasing hormone (CRH) is

released from the hippocampus to the anterior pituitary, where CRF stimulates the secretion of



adrenocorticotropin (ACTH). In turn, ACTH stimulates the synthesis and release of
glucocorticoids (GCs) from the adrenal cortex (Lupien et al., 2009). While a healthy response to
an acute stressor requires a rapid activation of the synthesis and release of CGs, it also requires
an appropriate and timely termination of those processes to avoid the overload of stress
hormones in the body (McEwen, 1998). More specifically, after the system is activated, and
eventually after the response to perceived stressors has lessened in intensity, feedback loops are
activated within several systems, including the adrenal gland, hypothalamus, hippocampus, and
frontal cortex, in order to shut down the HPA axis activity and return to homeostasis (Lupien et
al., 2009). However, many factors can interfere with the appropriate activation and deactivation
of the HPA axis, such as repeated stress exposure, which may further lead to adverse effects on
cognitive, emotional, behavioral, and physical outcomes throughout the lifespan (Lupien et al.,
2009).

Chronic exposure to stress has a lasting impact on the brain and the body due to the
activation of the HPA axis and the subsequent release of CGs. It has been further suggested that
stress affects different brain regions depending on the developmental stage (Lupien, 2009). For
instance, exposure to stress during the prenatal period negatively affects several regions
associated with the HPA axis, such as the frontal cortex, amygdala, and hippocampus. During
childhood, the hippocampus may be the most affected by stress exposure due to increased CRH
within the region. By adolescence, the development is focused on the frontal cortex, indicating a
particular vulnerability to stress. In adulthood, brain regions are particularly influenced by the
adverse effects of repeated stress (Lupien et al., 2009). Animal studies with rodents demonstrate
variable effects of acute versus chronic stress on the brain and behavior. The effects of acute

stressors depend on the level of glucocorticoids; it has been suggested that even small increases



in glucocorticoids result in improved hippocampus-dependent memory and learning functions as
these hormones may serve an adaptive function by increasing attention and concertation during
acute stressors (Lupien et al., 2009).

Chronic administration of glucocorticoids in rodents causes dendritic atrophy in
hippocampal neurons, with these changes taking several weeks to develop. Chronic exposure to
stress in rats can also cause hippocampal volume loss and has been related to the impairment of
spatial learning and episodic memory (Kim et al., 2015). The findings from human studies
follow similar trends as it has been suggested that there is an inverted-U-shaped relationship
between glucocorticoid levels and cognitive performance, meaning that at moderate levels,
glucocorticoids influence optimal performance on tasks. At the same time, too much release of
glucocorticoids, or no release at all, leads to worsened or impaired performance (Raison &
Miller, 2003). Taken together, these findings underscore the importance of studying the deletions
effects of chronic stress accumulation across the lifespan.

Cumulative Lifetime Stress

Similar to the idea of allostatic load, the concept of cumulative stress is defined by
repeated stress exposure, both acute and chronic, throughout the lifespan. Several theories have
proposed that the accumulation of acute and chronic challenges across the lifespan can have a
cumulative effect on health. More specifically, cumulative stress exposure has been associated
with physical and mental health outcomes, including negative effects on memory and sleep
function, increased inflammation, biological aging, and even premature death (Graham et al.,
2006; Lupien et al., 2009; McEwen, 1998; Slavich & Shields, 2018). Additionally, as discussed

above, research suggests that acute and chronic stress and the timing of those stressors (e.g.,



during prenatal development, adolescence, or adulthood) may exert variable effects on
individuals’ health and well-being (Lupien et al., 2009).

The idea of biological stress accumulation and the wear and tear on the body is not a new
concept. However, the ability to measure the presence of both acute and chronic stressors over a
lifetime remains relatively recent (Slavich, 2016). Therefore, it is essential to use measurement
methods that comprehensively capture diverse effects of cumulative stress while accounting for a
wealth of different types of stressors, the timing of the exposure to the stressors, and the severity.
The instrument to measure cumulative lifetime stress and related studies will be discussed below.

Measuring Cumulative Stress

Although many studies have assessed the effects of different types of stressors on health,
the brain, and behavior, very few studies have examined the effects of cumulative stress
throughout a lifespan, often due to the challenge of assessing cumulative stress in a time- and
cost-efficient manner (Slavich, 2016). Rather, most assessments are relatively narrow, focusing
on specific types of stressors (e.g., major life events, daily stressors) at specific time points (e.g.,
childhood trauma, the perceived experience of stress in the past month), thus, they may not
accurately capture cumulative lifetime stress exposure (Shields & Slavich, 2017).

To address these issues, the Stress and Adversity Inventory for Adults (Adult STRAIN;
Slavich & Shields, 2018) was developed to access stress over the course of a lifetime. The
STRAIN is an online, self-report instrument that assesses stressors that a person has experienced
over a lifetime. Another unique feature of the STRAIN is that it also assesses the severity,
frequency, timing, and duration of each of the stressors endorsed by the respondent. The
inventory has shown good concurrent validity (r=.147 - .552), and test-retest reliability (rs =
.904 —.919; Slavich & Shields, 2018). The STRAIN has also demonstrated validity in relation to

several stress-related outcome measures and biological markers, including executive function,
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memory, working memory, decision making, diurnal cortisol levels, biological responses to
acute stress measured by cortisol and dehydroepiandrosterone (DHEA), aging, depression, and
self-reported physical and mental health complaints (Cazassa et al., 2020; Goldfarb et al., 2017;
Kim et al., 2021; Lam et al., 2019; McLoughlin et al., 2022; Senft Miller et al., 2021; Slavich &
Shields, 2018).
Part 2: Cognitive Function
Cumulative Lifetime Stress and Cognitive Function

There is consensus within the literature that exposure to stress over a lifetime (e.g.,
environmental stressors) is associated with an increased risk of mild cognitive impairment
(MCI), Alzheimer's disease (AD), and overall cognitive decline, likely due to excessive secretion
of stress hormones such as GCs in patients with AD (Elgh et al., 2006; Sotiropoulos et al., 2011,
Wilson et al., 2003; Wilson et al., 2008).

Animal and human studies have shown a relationship between increased glucocorticoids
(GCs) and impairment in cognitive functioning. Neuroimaging studies have demonstrated the
effects of stress, as indicated by GC secretion levels, affect the volume of the hippocampus, the
region of the brain known to be implicated in learning and memory (i.e., cognitive function;
Lupien et al., 2009; Vyas et al., 2016). Sotiropoulos and colleagues (2011) demonstrated that
exposure to stress and GCs act cumulatively, suggesting that repeated or prolonged exposure to
adverse events over a lifetime increases the likelihood of developing AD. Similarly, it has been
reported that exposure to significant cumulative lifetime stressors (e.g., trauma) may lead to
accelerated epigenetic aging (i.e., age-associated molecular changes) in African-Americans,
leading to higher disease risk (Zannas et al., 2015) and the potential for changes in cognition. In

the post-traumatic stress disorder (PTSD) literature, evidence suggests that the relationship



between PTSD and cognitive impairment is likely to be bidirectional. That is, having low
intelligence quotient (1Q) scores before traumatic experiences are associated with an increased
risk of developing PTSD (Brewin et al., 2000; Macklin et al., 1998; Parslow & Jorm, 2007;
Sumner et al., 2017). Conversely, PTSD has been associated with the onset of cognitive
impairment following exposure to traumatic events. For example, in a sample of male Vietnam
War veterans, the severity of PTSD was negatively correlated with the performance on cognitive
tasks, even after adjusting for estimated 1Q before serving in the military and level of combat
exposure during, suggesting that the exposure to trauma affected baseline cognitive functioning
(Vasterning et al., 2002).

Sumner and colleagues (2016) investigated the relationship between lifetime traumatic
stress exposure and domains of cognitive functioning, including psychomotor speed, attention,
learning, and working memory. Their findings revealed that elevated symptoms of PTSD were
associated with diminished scores on all the cognitive function measures of interest, and this
relationship remained significant even after accounting for depression and medical conditions
that could contribute to cognitive decline. Given that PTSD is associated with obesity, lack of
physical activity, sleep disturbances, and dysregulation of the inflammatory, neuroendocrine, and
HPA axis systems, it is not surprising that the experience of trauma may result in cognitive
function impairment (Bartoli et al., 2015; Maher et al., 2016; Sherin et al., 2011). Additionally,
the elevated sum of high-impact stressors (e.g., the experience of rape, attempted murder, and
being kidnapped) has also been associated with impaired performance on memory-related tasks
such as Logical Memory (Weschler Memory Scale-Revised; Wechsler, 1987), both immediate
and delayed recall conditions, even when controlling for estimated 1Q and psychopathology

severity. This suggests that the degree of prior traumatic experience predicts performance on
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tasks of immediate and delayed verbal memory (Nixon et al., 2004). The lifetime traumatic stress
load has further been associated with poorer performance on tasks of executive functioning and
complex reasoning; however, the relationship did not survive after covarying out for age, sex,
and socioeconomic status (SES; Barzilay et al., 2018).

Given the chronic course of PTSD, the current study will utilize cognitive measures
based on the cognitive profile of patients with PTSD (Chopra et al., 2014; Suliman et al., 2009).
Current research suggests that individuals with PTSD exhibit impairment in multiple cognitive
domains including attention, working memory, processing speed, episodic learning, and memory
(Schuitevoerder et al., 2013; Scott et al., 2015). Considering the variable effects of stressful life
experiences on several domains of cognition, the relationship between cumulative stress and
different aspects of cognitive function (e.g., working memory, processing speed, and verbal and
visual memory episodic memory) will be the focus of this current study, and therefore, will be
reviewed in more detail below.

Working Memory. Working memory (WM) is a prefrontal cortex (PFC)-dependent
ability that involves the temporary retention of memory and has a limited capacity for storing
information (Baddeley, 2003; Markowitz et al., 2015). The function of WM is essential for
managing ongoing activities, and assisting with decision-making abilities, reasoning, and
comprehension given its facilitation in comprehension, planning, reasoning, and problem-solving
(Cowan, 2014). Although the literature remains relatively sparse, several studies have suggested
a relationship between cumulative stress exposure and WM impairments. Exposure to high levels
of chronic stress has been linked to the disruption of PFC functions such as WM and attention
(Arnsten, 2011; Lupien et al., 2009). These consequences are thought to result from the interplay

between perceived stress and the chronic activation of the neurobiological system responsive to
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stress regulation (Liston et al., 2009). Findings from behavioral research have demonstrated
significant impairment in WM function in individuals under chronic stressors, such as caregiver
stress (Evans & Schamberg, 2009; Mackenzie et al., 2009). In their longitudinal study, Evans
and Schamberg (2009) examined the relationship between prolonged childhood poverty, stress
exposure as indexed by allostatic load, and WM and found worsened WM performance in young
adulthood. Notably, longer periods of childhood poverty were associated with higher levels of
allostatic load throughout childhood and were subsequently associated with a more significant
impairment in WM as the children transitioned to young adulthood.

Processing Speed. Processing speed is a cognitive ability defined as the time it takes to
process and react to information received from the environment (e.g., visual and verbal
information; Horning & David, 2012). Individuals with a slower processing speed may
experience difficulties within various domains including learning and reading. To date, the
literature on cumulative stress and processing speed remains limited; however, it has been
suggested that prolonged exposure to stress is associated with impaired performance on
processing speed tasks. For example, a study examining the effects of trauma-induced stress on
information processing speed has found that individuals diagnosed with PTSD as a result of
childhood sexual abuse performed slower on a modified emotional Stroop task when responding
to sexual/victimization words (de Leeuw et al., 2015; Field et al., 2001) Another study reported
that reduced perceptual speed performance had been associated with an increased number of
stressful life events in a sample of older adults. Interestingly, the same study has found that an
illness of a loved one such as a parent or a friend was associated with improved perceptual speed
performance, thought to be attributed to increased motivation necessary to maintain one's health

through exercise and activity to help care for a loved one (Rosnick et al., 2007).
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Verbal and Visual Episodic Memory. Episodic memory is a type of memory that
involves conscious recollection of past events (e.g., what was eaten for breakfast, where the car
is parked). It can be categorized as verbal (i.e., remembering a list of words) or visual (i.e.,
remembering a figure; Roediger et al., 2016). Animal and human studies have shown impairment
in both forms of episodic memory after prolonged stress exposure (McComick & Green, 2013;
Shields, 2017). More specifically, one study demonstrated that participants who reported more
significant stressful life events exhibited a reduction in word recall (i.e., verbal episodic memory)
as compared to those who reported less (Lupien et al., 1997).

Allostatic Load and Cognitive Function

In regard to the studies incorporating allostatic load, results have been mixed. A meta-
analysis examining the relationship between allostatic load and cognitive function revealed that
allostatic load was associated with diminished executive function, although the effect size was
relatively small (r = 0.20). In terms of overall memory function, several studies reported a
negative correlation between allostatic load and memory, with two studies reporting null findings
(D'Amico et al., 2020). In reference to WM, one study reported a significant negative correlation
between allostatic load and WM, but not between allostatic load and perceptual and visuomotor
speed (Kobrosly et al., 2012). Ottino-Gonzalez et al. (2019) found a significant relationship
between allostatic load and WM, it was limited to participants who were overweight. The lack of
significant findings may be confounded by the average age of the participants, as they ranged
between the ages of 21-40 years old. Different findings utilizing the allostatic load construct
must be interpreted with caution given the variability of allostatic load measurement strategies
and concept operationalization. Although the results are mixed, there are consistent findings

suggesting the negative effects of elevated cumulative stress (measured by allostatic load) and
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cognitive function. Future studies examining the association between cumulative lifetime stress
and different components of cognitive function are warranted.

STRAIN and Cognitive Function Studies. To date, only six studies have examined the
relationship between lifetime stress exposure using the STRAIN and measures of cognitive
function. Slavich and Shields (2018) conducted the initial validation study of the STRAIN,
assessing the association between lifetime stress and a measure of executive function. Their
results revealed the number of total lifetime stressors was a significant predictor of poorer
executive function outcomes. In contrast, another initial validation study of the STRAIN
administered in the Brazilian Portuguese language did not yield significant results in the
relationship between the STRAIN and the same measure of executive functioning (Cazassa et al.,
2020). Moreover, Senft Miller and colleagues (2021) examined the effects of acute and chronic
stressors occurring throughout a lifespan on cognition, as well as psychiatric symptomology in a
sample of older adult women. In this study, objective cognition was measured using the Letter
Sequencing Task (WM measure from the Weschler Memory Scale; Wechsler, 1955), and the
Buschke Selective Reminding Test (episodic memory measure; Buschke & Fuld, 1974).
Contradictory to the hypothesis, the number of total lifetime stressors and their severity was not
associated with immediate and delayed recall or WM performance. Meanwhile, more lifetime
stress exposure was associated with increased symptoms of subjective memory function, as well
as elevated rates of self-reported anxiety and depression. Overall, increased lifetime stress and its
severity were associated with subjective, but not objective, memory decline. To explain this
finding, the authors state that in normal aging, both objective and subjective decline appear to
occur simultaneously (Senft Miller et al., 2021). However, in abnormal aging, subjective reports

of cognitive decline may precede objective measures of decline given perceived subjective
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change in cognition is considered to be one of the earliest signs of a neurocognitive disorder,
such as in AD and MCI (Gatchel et al., 2020; Studart & Nitrini, 2016). Finally, a study
conducted by Goldfarb et al. (2020) found that lower levels of lifetime stress accumulation were
associated with the decreased use of stimulus-response association. Specifically, low levels of
stress were associated with diminished memory for stimulus-response relative to those with
moderate stress levels. These results indicate that some stress exposure may have adaptive
mechanisms for improving memory function.

In summary, while cumulative lifetime stress has been associated with impairment in
cognitive function, including reduced WM, episodic memory, and processing speed, other
studies have reported mixed or non-significant findings. Given the mixed and limited literature
on cumulative stress and cognition, more research is needed to elucidate these findings. As such,
the current study will explore the relationships between cumulative lifetime stress and WM,
processing speed, verbal episodic memory, and visual episodic memory.

Part 3: Sleep
Overview of Sleep and Health

Sleep is a neurobiological process that is essential for health and survival. Sleep plays a
critical role in different types of physiological functioning, such as the cardiovascular, metabolic,
hormone, and immune systems (Medic et al., 2017). A wealth of literature suggests that adults
require an average of seven hours of sleep per night. Healthy sleep is characterized by sufficient
duration, quality, and regularity, as well as the absence of sleep disorders that may interfere with
optimal sleep quality (Watson et al., 2015). Sleep abnormalities can be further delineated into
separate domains; the current edition of the International Classification of Sleep Disorders

system identified seven major categories of sleep disorders: insomnia, hypersomnolence (e.g.,
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daytime sleepiness, narcolepsy), sleep-breathing disorders (e.g., sleep apnea), circadian rhythm
sleep-wake disorders, parasomnias (e.g., sleep walking, sleep terrors), and sleep-related
movement disorders (e.g., restless leg syndrome; Sateia, 2014).

In addition to the presence of sleep disorders, numerous other factors can contribute to
disruptions in sleep including stress, lifestyle habits (e.g., being a college student, engaging in
shift work), and certain medical conditions. Both sleep deprivation and sleep excess have been
linked to cardiovascular disease and Type Il diabetes, which can be attributed to atherosclerosis
and worsening glucose metabolism, respectively (Shan et al., 2015). Inadequate sleep has been
found to have additional detrimental short- and long-term health consequences. For example,
sleep deprivation (e.g., underpinning chronic insomnia) has been associated with prolonged
activation of the HPA-axis, resulting in increased secretion of epinephrine, norepinephrine,
cortisol, and ACTH, hormones that play a role in both stress and the 24-hour sleep-wake cycle
(Tiermeir et al., 2002; VVgontzas et al., 2001).

In healthy adults, the short-term consequences of fragmented and interrupted sleep have
resulted in increased stress responsivity associated with the activation of the sympathetic nervous
system. The consequential activation is believed to be related to the premature disruption of
sleep. Short-term consequences of sleep disruption have also been associated with increased
levels of mental health concerns, somatic pain, emotional distress, memory deficits, and reduced
quality of life (Medic et al., 2017).

In summary, sleep is a complex concept to study in relation to health outcomes as it
consists of numerous constructs (e.g., sleep latency, duration, and disturbances) that can lead to
myriad sleep-related conditions (Buysse, 2014). In the current study, the operational definition of

sleep quality includes objective aspects of sleep such as sleep duration and sleep latency, as well

16



as more subjective aspects of sleep such as the extent of feeling restful. To assist with the focus
of this current literature review, the current study will examine sleep quality specifically, as well
as related consequences of poor sleep quality such as insomnia and daytime sleepiness.
Sleep in a College Student Population

Given that the proposed study will consist of a college student sample, it is important to
note the prevalence of sleep disturbance in this population. College is a unique developmental
period in that students are often met with increased demands and new challenges such as moving
away from home, forming new relationships with peers, adjusting to demanding and variable
college schedules, and for some, increased consumption of alcohol and drugs (Taylor et al.,
2013). As such, it is not surprising that these young adults may experience problems with sleep.
Although the recommended sleep duration for young adults is between seven and nine hours, one
survey conducted with undergraduate students in the United States suggested that approximately
25% of students receive less than 6.5 hours of sleep per night. Furthermore, up to 60% of college
students self-report poor sleep quality as assessed by the Pittsburg Sleep Quality Index (PSQI;
Buysse et al., 1989), and approximately 27% of students meet the criteria for at least one sleep
disorder (Gaultney, 2010; Hirshkowitz et al., 2015; Lund et al., 2010). Other literature supports
this finding, suggesting that about 31% of college students report feeling tired in the morning
and, as a result, report reduced overall daytime functioning (Alapin et al., 2000; Buboltz et al.,
2001). Research also indicates that the lack of sleep is widely associated with learning problems,
particularly for tasks that rely on procedural and declarative memory systems. This, in turn,
contributes to diminished cognitive function and, subsequently, may result in lower grades in
coursework (Curcio et al., 2006). In summary, undergraduate college students appear to exhibit

unique sleep characteristics as indicated by their decreased overall sleep quality, sleep duration,
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and increased rate of sleep disturbances as compared to the general public. Given the significant
implications of sleep on cognitive and academic performance, the use of a college student
sample adds to the particular importance of this study.

Overview of Stress and Sleep

Stress is a well-known risk factor for sleep disturbances (Han et al., 2012). The literature
indicates a complex bidirectional relationship between stress and sleep in animal and human
studies, suggesting that stress-related factors negatively impact the sleep-wake cycle. The level
of this impact is likely to be dependent on several factors including the type of stressor (i.e.,
acute versus chronic), the duration of the stressor, and other individual differences (Lo Martire et
al., 2020). Research suggests that sleep-related disorders can also significantly impact one’s
stress responses, consequently influencing perceived quality of life. Even after several days of
sleep disruption or deprivation (e.g., due to acute stress), individuals may experience increases in
appetite, blood pressure, and blood glucose levels, as well as increases in pro-inflammatory
cytokines, an indicator of the body's inflammatory response. Additionally, sleep deprivation has
been associated with increased sympathetic nervous system response and elevated cortisol levels.
Studies examining the long-term effects of stress have reported that adverse experiences in
childhood can greatly influence sleep quality in adulthood (Palagini et al., 2014).

The experience of stressful events contributes to numerous bodily responses, including
hormonal, molecular, and behavioral changes, in effort to help one’s body cope with
environmental challenges and maintain homeostasis. Considering the influence of the HPA-axis
in managing and maintaining the stress response, various HPA-axis variables may also influence
sleep function. Importantly, sleep deprivation can itself be categorized as a stressor, leading to

negative consequences for both the brain and the body (Medic et al., 2017). Considering that
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stress and sleep are linked to the function of the HPA axis, this relationship warrants careful
consideration (Steiger, 2003; Van Reeth et al., 2000).
Cumulative Stress and Sleep

In the past several decades, there has been a significant shift in emphasizing the effects of
cumulative stress on health and disease. Studies on sleep often encompass several dimensions of
the construct, including sleep quality, duration, continuity, and depth (Hall et al., 2015) measured
both objectively (e.g., actigraphy and polysomnography data) and subjectively (i.e., via self-
report; Morin et al., 2003; Kim & Dimsdale, 2007). Stress, on the other hand, is often measured
with a focus on a specific type of stressor or stress duration (e.g., focusing on either acute or
chronic stress). Given the variability of both sleep and stress concept operationalization and the
measures used to ascertain related data, the relationship between lifetime stress and sleep often
yields mixed results.

Unsurprisingly, prolonged exposure to stress significantly impacts sleep architecture in
humans. For instance, individuals undergoing a marital separation, working rotating shift jobs,
and those without adequate social support in the workplace are particularly prone to sleep
disruptions (e.g., waking up in the middle of the night; Lo Martire et al., 2020). Changes are also
seen in allostatic load. For instance, prolonged sleep disruption can cause high blood pressure,
increased oxidative stress, increased cortisol and insulin levels, and diminished parasympathetic
nervous system response. Even several days of sleep deprivation can lead to measurable
physiological changes within the body (e.g., blood pressure, pro-inflammatory cytokines), as
stated above (McEwen & Karatsoreos, 2015). Chronic disruption of circadian rhythms can
increase the risk of developing cardiovascular disease and metabolic syndromes such as diabetes

and obesity (Tobaldini et al., 2017).
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Chronic and acute stressors have been shown to contribute to reduced sleep quality
(Bruce et al., 2021; Hanson & Chen, 2010). Hall et al. (2015) examined the relationship between
lifetime stress, objective and subjective sleep quality, and insomnia among middle-aged women.
Their results indicated that women with higher levels of lifetime stress exposure were more
likely to report lower sleep quality, experience anxiety, and show increased wakefulness during
sleep as measured by polysomnography compared to women with lower reports of lifetime
stress. Another study revealed similar findings, demonstrating that increased levels of PTSD
symptomology have been associated with higher scores of reported sleep disturbance, supporting
the notion that greater lifetime exposure to traumatic events leads to more sleep problems
(Follette et al., 1996). Finally, Hux et al. (2017) found that higher levels of allostatic load in early
pregnancy are associated with poor sleep quality as indexed by the Pittsburgh Sleep Quality
Index (PSQI; Buysse et al., 1989), further suggesting a link between cumulative stress exposure
and diminished sleep quality.

Given the links between stress and cognitive function and stress and sleep, it is
unsurprising that the literature demonstrates a relationship between stress and cognitive function.
While evidence suggests sleep difficulties associated with acute stress exposure can have short-
term adaptive functions, exposure to prolonged chronic stressors — and, therefore, prolonged
sleep difficulties - can lead to negative health outcomes, particularly as it relates to everyday
function (Juster et al., 2010). Specifically, adequate amounts of sleep are associated with
improved physical and cognitive functioning and performance, while sleep deprivation is linked
to worsened performance in daily activities. Studies indicate that those who sleep less than six
hours per night on average have a significant reduction in tasks of memory and other cognitive

performance (Karatsoreos et al., 2011; Kwon et al., 2015; Tsapanou et al., 2017). Shorter sleep
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duration has been associated with a greater incidence of major neurocognitive disorders (e.g.,
AD) in older adulthood, which may act in an U-shaped association, where greater risk is
associated with reduced and increased sleep duration, and lower risk being in individuals who
sleep approximately seven hours per night (Chen et al., 2016).

Given the known negative effects of prolonged stress exposure on sleep and their
interactive consequences on health, it is essential to continue investigating the relationship
between cumulative lifetime stress exposure using comprehensive stress measures such as the
STRAIN and various sleep domains.

STRAIN and Sleep Studies. To date, only three studies have explored the relationship
between lifetime STRAIN and sleep quality as assessed by the PSQI (see Byrne et al., 2021;
Cazassa et al., 2020; Slavich & Shields, 2018). Results from these studies suggest that elevated
lifetime stressor count is associated with worsened sleep quality over the previous month, and
greater lifetime stressor severity is associated with poorer sleep quality. Moreover, while existing
studies have examined the association between the STRAIN and sleep quality measured by the
PSQI, we are unaware of studies that have investigated the association between cumulative
lifetime stress and the subcomponents of the PSQI, including the duration of sleep, sleep
disturbance, sleep latency, daytime dysfunction due to sleepiness and sleep efficiency.
Additionally, no existing studies have examined the relationship between cumulative lifetime
stress as measured by the STRAIN and insomnia and daytime sleepiness. Therefore, a central
goal of this study is to further explore the relationship between cumulative lifetime stress and

other sleep-related domains.
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Part 4: Resilience
Resilience Definition

Different approaches to studying resilience have led to inconsistencies within the
literature regarding its definition and method of assessment. Broadly, “resilience” is a term often
used to explain positive adaptation to stressful events (Bonanno, 2012). The American
Psychological Association (APA; 2014) defines it as "the process of adapting well in the face of
adversity, trauma, tragedy, threats or even significant sources of stress™ (para. #4). While this
definition encompasses core components of the concept, it does not capture the complexity of
resilience phenomena. Decades of research have shown that resilience is impacted by individual
genetic, biological, psychological, social, and cultural factors. These factors, experienced either
separately or in combination, determine how individuals respond to stressful events or
experiences (Southwick et al., 2014). The resilience model developed by Richardson and
colleagues suggest that individuals' bodies and minds adapt to life circumstances, which they
label “biopsychospiritual homeostasis” (Richardson et al., 1990; Richardson, 2002). In the
model, the unavoidability of experiencing internal and external stressors is highlighted, along
with the notion that an individual’s ability to cope with inevitable life stressors is likely
influenced by successful or unsuccessful adaptations to past adversities. In instances where
adaptations or protective factors are ineffective, biopsychospiritual homeostasis may become
dysregulated. The disruption of this homeostatic process can result in a range of outcomes: an
opportunity for increased resilience, a return to a baseline level of homeostasis to get past or
beyond the disruption, achievement of recovery but with some loss (resulting in a lower level of
baseline homeostasis), or establishment of a dysfunctional state by use of maladaptive strategies

to cope with stress (Richardson et al., 1990; Richardson, 2002).
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Resilience can be viewed as a trait, a process, or an outcome; it can also be categorized
dichotomously in that it is either present or absent. While it is helpful to consider the different
conceptualizations of resilience, it likely exists on a continuum where it presents in various
strengths across multiple domains of life (Southwick et al., 2014). For example, individuals who
adapt well to personal changes such as a romantic break-up or a divorce may not demonstrate the
same adaptability as it relates to workplace adversity. Research suggests characteristics of
resilient people include viewing stressors as a challenge and/or opportunity, possessing high
levels of self-efficacy, having patience, being tolerant of negative affect, having a history of past
successes, and having religious faith (Kobasa, 1979; Lyons, 1991; Rutter 1985).

Although the concept of resilience could play a crucial role in explaining resistance to the
negative influences of adversity over a lifetime, different approaches to studying resilience
across studies have contributed to inconsistencies in operational definitions, prevalence, and
measurement of the construct (Luthar et al., 2000; Windle et al., 2011). One review reported that
individuals’ resiliency status across publications ranged from 25% to 85%, highlighting the
many different ways in which researchers conceptualize resiliency (Vanderbilt-Adriance &
Shaw, 2008). Considering the variability in assessing the broad concept of resiliency, the
operationalization of resiliency in the present study is of particular importance.

To operationalize resilience for the current study, it was decided to select a definition that
has been composed based on the literature review of existing resilience-related studies. More
specifically, Windle and colleagues (2011) proposed an operational definition of resilience
derived from examining 270 studies that will be used for the current project: “Resilience is the
process of negotiating, managing, and adapting to significant sources of stress or trauma. Assets

and resources within the individual, their life, and environment facilitate this capacity for
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adaptation and bouncing back in the face of adversity. Across the life course, the experience of
resilience will vary” (p. 163).
Cumulative Lifetime Stress and Resilience

The ability to recover from adverse or stressful events is characteristic of resilient
individuals. Although resilient individuals may experience negative emotions as it relates to the
event, they are likely to use adaptive coping strategies. When maladaptive coping strategies are
used and/or when one is unable to recover from negative events, it may result in the prolonged
activation of several neurobiological systems (Southwick et al., 2014).

Overall, the relationship between resilience and prolonged stressors has been examined in
the literature, however, the examination of resiliency as it relates to cognitive functioning and
cumulative lifetime stress is particularly sparse, and therefore requires further attention.
Although most research focuses on undesirable aspects of stress, some studies have
demonstrated that moderate levels of stress may indeed improve psychological resilience (Seery
& Holman, 2010). For example, studies using young monkeys undergoing stressors showed
greater resilience to future stressors compared to monkeys who were never exposed to any
stressors (Parker et al., 2006). Moderate perceived threat predicts improved self-reported
psychological benefits in veterans, compared to decreased or increased threat, suggesting an U-
shaped relationship (Fontana & Rosenheck, 1998). Similarly, children who experienced
moderate levels of early life adversity had a lower cortisol response during a laboratory stress
experiment compared to children with severe early life adversity (Gunnar et al., 2009).
Cognitive Function and Resilience

In recent years, several studies have examined the role resilience plays in mitigating

cognitive function. For instance, one study reported that individuals identified as having less
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resilience had more amyloid-related cognitive impairment (Wolf et al., 2019). Similarly, Wingo
and colleagues (2010) reported that resilient individuals with a history of trauma performed
better on non-verbal memory tasks compared to their peers who were classified as “non-
resilient.” Castor and Massioui (2018) reported that higher levels of self-reported resilience were
associated with better performance on cognitive tasks in individuals with brain damage, further
suggesting a positive relationship between resiliency and cognitive functioning (Connor &
Davidson, 2003). Although the literature on resilience and cognitive function remains limited,
existing evidence underscores the importance of further understanding the role resilience plays in
the relationship between stress and cognitive function.
Sleep and Resilience

Although it is well-recognized that sleep is essential for good health, limited studies have
investigated the link between sleep and psychological resiliency. Some studies suggest that good
sleep quality is essential for achieving resilience (Cai et al., 2021; Palagini et al., 2018). In the
military literature, sleep is conceptualized as an essential requirement for developing resilience,
similar to Maslow's Hierarchy of Needs, which states that sleep is the basic requirement for
resilience similar to other survival essentials such as food, water, and oxygen (Maslow, 1943;
Young-McCaughan et al., 2018). The relationship between resilience and sleep is likely to be
bidirectional, in that increased resilience and better coping skills may contribute to better
objective and subjective reports of sleep, while poorer sleep may contribute to a lack of coping
skills use and consequently lead to reduced resilience, especially if repeatedly encountered over
time. It has been suggested that healthy sleep may enhance resilience to both existing and future

stressors (Gargiulo et al., 2021). Given that sleep and resilience appear to have a significant
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overlap, it is imperative to examine resilience as a potential moderating variable in the
interaction between stress and sleep.
The Present Study

Considering the novelty of the STRAIN measure and its comprehensive method of
measuring lifetime accumulation of stress, the goal of the current study is to examine the
relationships between cumulative stress measured by the STRAIN and cognitive function and
sleep outcomes in a sample of college students. To our knowledge, this is the first study to
explore the role resilience plays in the relationship between cumulative lifetime stress, as
assessed by the STRAIN, and cognitive function and sleep.

Definitions of Terms

Listed below are the definitions of the variables included in this study:

Cumulative lifetime stress refers to the accumulation of prolonged and repeated stress
exposure, both acute and chronic throughout the lifespan.

Acute stress refers to the experience of events that occur and subside suddenly, such as
getting into a car accident or getting fired from a job.

Chronic stress refers to adversities that persist over a prolonged period of time, such as
living with a chronic health condition or not having a stable source of income.

Resilience, as described above, will be defined as "the process of negotiating, managing,
and adapting to significant stress or trauma sources. Assets and resources within the individual,
their life, and environment facilitate this capacity for adaptation and 'bouncing back'’ in the face
of adversity. Across the life course, the experience of resilience will vary" (Windle, 2011; p.

163).
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The term sleep function refers to subjective sleep quality. In this study, insomnia severity
and daytime sleepiness will also be assessed.

The term cognitive function will encompass the measures of WM, processing speed, and
verbal and visual episodic memory.
Covariate Variables

Several variables have been selected to ensure that the relationships between cumulative
lifetime stress and cognitive function, as well as cumulative lifetime stress and sleep, are not
confounded by extraneous variables. The variables selected include participants' sex, parents’
education, quantity and frequency of alcohol and stimulant intake and given the historical
context in which this study is being conducted, the extent of their ongoing worry about the
coronavirus (i.e., COVID-19) pandemic. These variables were selected based on their known
association with stress, cognitive function, and sleep-related variables (Anders et al., 2014;
Anthenelli & Grandison, 2012; Bangasser et al., 2018; Bale & Epperson, 2015; Baum et al.,
1999; Gutwinski et al., 2018; Handa et al., 2002; He et al., 2019; Keyes et al., 2012; Moore et al.,
2002; Yang et al., 2021).
Proposed Study Hypotheses
Hypothesis one: It was hypothesized that cumulative lifetime stress would relate to scores on
cognitive function measures (i.e., WM, processing speed, and verbal and visual episodic
memory).

a. It was hypothesized that cumulative stress would be negatively associated with the global
cognitive function score. The global cognitive function was assessed by averaging the
scores of the four cognitive function variables (i.e., WM, processing speed, and verbal

and verbal episodic memory).
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b. It was hypothesized that cumulative stress would be negatively associated with WM
scores.
c. It was hypothesized that cumulative stress would be negatively associated with
processing speed scores.
d. It was hypothesized that cumulative stress would be negatively associated with verbal
and episodic memory scores.
Hypothesis two: It was hypothesized that cumulative stress would relate to sleep-related
outcomes.
a. It was hypothesized that cumulative stress would be positively associated with sleep
quality disturbances.
b. It was hypothesized that cumulative stress would be positively associated with insomnia
severity.
c. It was hypothesized that cumulative stress would be positively associated daytime
sleepiness.
Hypothesis three: It was hypothesized that resilience would moderate the cumulative lifetime
stress and cognitive function relationship. More specifically, it was assumed that higher levels of
resilience would weaken the negative relationship between cumulative lifetime stress and

cognitive function global score (See Figure 1).
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Figure 1

Resilience as a Moderator in Stress-Cognitive Function Relationship
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Hypothesis four: It was hypothesized that resilience would moderate the cumulative stress and
sleep relationships. More specifically, it was hypothesized that higher levels of resilience would
weaken the positive relationship between cumulative lifetime stress and sleep quality
disturbance, insomnia severity and daytime sleepiness (See Figure 2).

Figure 2

Resilience as a Moderator in Stress-Sleep Relationship
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CHAPTER I11: RESEARCH METHODS
Participants and Procedures

A statistical power analysis indicated that a sample of 150 participants would be
sufficient to detect medium- sized effects (see additional details regarding power analysis
below). All testing was completed in the Department of Psychology at East Carolina University
in Greenville, North Carolina. Participants were recruited from the university's psychology
participant pool using the SONA online system and included undergraduate students primarily
enrolled in introductory psychology courses. The exclusion criteria included being under the age
of 18 years and over the age of 25 years, reported history of recent head trauma, and not having
proficiency in the English language. All study data were collected through Qualtrics and the
software provided by the STRAIN and TestMyBrain (TMB) developers.

Upon signing up for a study slot online, each participant completed an approximately
two-hour-long study visit in a private laboratory setting led by the principal investigator (PI) or a
trained research assistant. After completing the informed consent form, participants were
directed to Qualtrics where they began completing a series of surveys. The first survey gathered
personal health and demographic-related information (e.g., age, sex, gender, race, ethnicity,
parental education, and significant medical history). Next, the participants were asked to
complete three sleep-related questionnaires followed by the resilience questionnaire (see
Appendix A). Participants were then directed to complete the STRAIN questionnaire followed
by the link to the TestMyBrain (TMB) website to complete cognition-related measures (See
Measures and Materials below). Survey navigation was overseen by the study PI or trained

research personnel. Additional information about the specific measures used is provided below.



Power Analysis

An a priori statistical power analysis was performed using G*Power v. 3.1.9.2 to assess
the necessary sample size needed for linear regression. This study was powered to answer one of
the main study hypotheses (i.e., hypothesis 2). To date, two studies have reported the effect sizes
for the relationship between cumulative lifetime stress (measured by the STRAIN) and sleep
quality (measured by PSQI); medium effect sizes were reported (Cazassa et al., 2020; Slavich &
Shields, 2017). More specifically, Cazassa et al. (2020) reported a medium-size correlation
coefficient of (r=.402, N= 330), and Slavich and Shields (2017) reported a medium-size
correlation coefficient of (r=.493, N= 205). Given that previous studies indicated a relationship
of moderate magnitude between cumulative stress and sleep, an a priori power analysis was
conducted using the medium effect size (2= .15). The power analysis included one primary
predictor (i.e., sleep quality) and four potential covariates (e.g., demographic variables). Finally,
using the power of .80, a Type | error rate of .05, the power analysis indicated that 92
participants would be needed to detect a medium effect size in the relationship between
cumulative lifetime stress and sleep while controlling for potential covariates. In regard to
moderation analysis, another a priori power analysis was conducted to determine the sample size
needed to achieve the medium effect size (= .15). This analysis included three predictor
variables (i.e., sleep quality, resilience, and stressXresilience, which is a computed moderation
variable). Using the power of .80, a Type | error rate of .05, the power analysis indicated that 77
participants would be needed to detect a medium effect size to examine the role resilience plays
in the cumulative sleep/sleep relationship. Overall, given the potential attrition, issues with
validity, and incompletions, the current goal was to double that of the power analysis and recruit

approximately 150 participants.
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Validity Checks

Embedded within the Qualtrics survey between questionnaires were two validity items to
ensure participants were paying attention and responding appropriately. The two items were
“Are you an alien from outer space?” and “What is 5 x 3?” The participants were excluded if
they answered less than 50% of the validity questions accurately.
Measures and Questionnaires
Demographics Questions

Participant demographic (e.g., age, sex), health history (e.g., presence of physical and/or
mental health conditions; question about one’s overall physical health and wellbeing), and
lifestyle (e.g., past and present alcohol use) information was obtained through items developed
specifically for this study (See Appendix A). See Table 8 for the summary of all measures.
Cumulative Stress Measure

The Stress and Adversity Inventory (STRAIN) is an online self-report interviewing
assessment that provides a reliable cumulative stress measure over the course of the lifespan. It
takes, on average, 18-25 minutes to complete (Slavich & Epel, 2010; Slavich & Shields, 2018).
To administer the STRAIN, participants are presented with items, one at a time, on a computer
screen and are asked to select a response prior to moving on to the next item. For every endorsed
stressor, participants are asked follow-up questions pertaining to the specific stressor’s
frequency, severity, timing, and duration. If every item is endorsed, approximately 220 items can
be administered throughout the assessment (Slavich & Shields., 2018).

The STRAIN assesses a total of 55 major lifetime stressors. Out of all the stressors, 26
questions inquire about exposure to acute stressors (e.g., divorce, death of a loved one, and job

loss), and 29 questions inquire about chronic stressors (e.g., ongoing relationship, work, and
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financial problems). Given that each item is followed up with additional information (e.g.,
severity, frequency, timing, duration) for each stressor endorsed, it allows for the data to be
separated into time-limited categories such as prenatal stress, early adversity, adulthood
adversity, and recent (i.e., past six months) stressors (Slavich & Shields, 2018). Of note, in this
study, only the total count of stressors was examined.

The STRAIN has shown good concurrent validity (r=.147 - .552) and test-retest
reliability (rs = .904 —919; Slavich & Shields, 2018). Additionally, the STRAIN has
demonstrated validity in relation to several stress-related outcome measures and biological
markers, including executive function, memory, WM, decision making, diurnal cortisol levels,
biological responses to acute stress measured by cortisol and DHEA, aging, depression, and self-
reported physical and mental health complaints (Cazassa et al., 2020; Goldfarb et al., 2017; Kim
etal., 2021; Lam et al., 2019; McLoughlin et al., 2022; Senft Miller et al., 2021; Slavich &
Shields, 2018).

Cognitive Assessment Measures

The Test My Brain (TMB) Toolkit (TestMyBrain.org) was used to assess several domains of
cognitive functioning. The online toolkit offers access to a set of traditional neuropsychological
assessments delivered via the web. The TMB toolkit was selected for the current study for its
custom set of neuropsychological batteries, which provide the option to retrieve raw data, along
with the summary and normalization of data based on age, gender, and years of education. To
maintain participant confidentiality, the data is provided for each participant using a unique ID
number.

The overarching goal of the TMB organization is to provide a stable and secure platform for

developing web-based cognitive assessment protocols for commonly used tests. Since 2008, the
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TMB organization has conducted studies with over 2.5 million individuals worldwide to

facilitate the development, validation, and normalization of cognitive measures TMB framework

has received support and collaborative input from many reputable organizations including the

National Institute of Mental Health, the National Institute on Aging, the National Institute of

Diabetes and Digestive and Kidney Diseases, and the National Cancer Institute (The Many

Brains Project, n.d.).The TMB assessments used in the current study are described below:

1. TMB Digit Span (Forward/Backward). This test, adapted from Wechsler Adult
Intelligence Scales (WAIS; Wechsler, 2008), measures short-term memory, attention, and
WM. Numbers are presented to participants visually on the monitor, as opposed to
verbally. Both conditions begin with two practice trials, in which participants are given
feedback on the accuracy of their performance. The trials are presented up to 11 digits or
until the participant gets both sequences incorrect on a given trial. In the Forward
condition, respondents are shown a sequence of numbers on the computer screen (one-
second per number). In the Backward condition, the participants are asked to recall the
numbers in reverse order of that presented on the screen. After being shown the sequence,
participants are asked the type in the sequence that they saw. In terms of validity, both
TMB Forward Digit Span and Backward Digit Span have shown to be significantly
correlated with WAIS-IV Digit Span Forward and Backward tests (r=.53 and r=.54, N=
49 respectively). Additionally, both tests have shown good test-retest reliability (r=.73
and r=.68, N=7,457 respectively; Chaytor et al., 2020; Fortenbaugh et al., 2015; Germine
et al., 2012; Hartshorne & Germine, 2015).
2. TMB Digit Symbol Matching. This TMB Digit Symbol Matching Test, adapted from

the Digit Symbol Coding subtest on the WAIS (2008), was administered to participants
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as a measure of processing speed (Joy et al., 2004). This test takes approximately 3
minutes to complete. Here, participants are asked to match as many symbols and numbers
as possible to the symbol-number key in 90 seconds. The score for this test is based on
the number of trials completed correctly in 90 seconds. The TMB Digit Symbol Matching
test exhibits good test-retest reliability (r=.72, N=1,026). In terms of validity, this test
has been correlated with the response speed in a simple reaction time test (r= .32, N=
21,023), and a choice reaction test (r= .39, N=12,441). The mean raw score of the TMB
Digit Symbol Matching test is 48.22 (Chayton et al., 2020; Hartshorne & Germine, 2015;
Passell et al., 2019; Rutter et al., 2020).

. TMB Verbal Paired Associates. This test measures verbal episodic memory, as well as
sustained attention, response inhibition, and cognitive control. The TMB Verbal Paired
Associates test is adapted based on paradigms that assess context-dependent encoding
and verbal memory retrieval, as opposed to recognition. It takes approximately five
minutes to complete (2.4 minutes memorization, 2.4 minutes recall). Respondents are
asked to learn and then recall a set of word pairs. During a practice trial, respondents are
presented with 25 pairs of words, one pair at a time for six seconds each. After a brief
delay, participants are shown the words originally presented and are asked to choose the
second word from the list of four words (Germine et al., 2012; Wilmer et al., 2010). The
score of the TMB Verbal Paired Associates is based on the number of pairs identified
accurately out of 25 words presented. This test has shown good internal (split-half)
reliability, (r= .82, N=2,073). In regard to validity, it has been shown that TMB Verbal

Paired Associates is correlated with Forward Digit Span (r=.23, N=494), and Digit
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Symbol Matching (r= .36, N=517), as well as vocabulary performance (r= .37, N=521;

Germine et al., 2012; Passell et al., 2019).

. TMB Visual Paired Associates. This test measures visual memory and episodic

memory. The test takes approximately five minutes to complete (2.4 memorization, 2.4
minutes recall). Similar to the TMB Verbal Paired Associates test, this test is adapted
from paradigms that assess context-dependent encoding and memory retrieval, as
opposed to recognition (Vellutino et al., 1975). During this test, the participants are asked
to learn and then recall a set of image pairs. During the memorization phase, participants
are presented with 24 pairs of images, one pair at a time, six seconds per pair. After a
brief delay, participants are then shown the images originally presented and are asked to
choose the second image from the set of six images. The score on the TMB Visual Paired
Associates is based on the number of pairs matched accurately out of 24 words presented.
This test has shown high internal reliability (split-half) (r=.79, N=6,380). In regard to
validation, TMB Visual Paired Associates has been correlated with multiple object
tracking (a test of visual perception and attention) (r= .30, N=5288). The mean raw score

of this test is 15.74 (Germine et al., 2012; Passell et al., 2019).

Sleep Measures

1.

Pittsburg Sleep Quality Index (PSQI) is a 19-item self-report measure assessing
respondents’ sleep quality over the previous month (Bastien et al., 2001). The 19 items are
divided into seven subcomponent scores, with the scores ranging from 0 to 3. The seven-
subcomponent scores include the following variables: duration of sleep, sleep latency,
sleep disturbance, daytime sleepiness, sleep efficiency, subjective sleep quality, and the
use of medications. A global PSQI score is calculated by summing the seven

subcomponent scores, ranging from 0 to 21, with the higher scores indicating worse sleep
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quality (Buysse et al., 1989). The analysis of the psychometric properties of PSQI show
good validity and internal consistency (Cronbach’s alpha = .80; Buysse et al., 1989;
Carpenter & Andykowski, 1998).

The Insomnia Severity Index (ISI) is a brief self-report questionnaire, which measures
an individual’s perception of both nocturnal and diurnal symptoms of insomnia (Bastien et
al., 2001). The ISI consists of seven items that assess the perceived severity of sleep-
related challenges over the past two weeks. Scores for all seven items are summed, with
the total score ranging between 0-28, with the greater score indicating the severity of
insomnia. The analysis of the psychometric properties of ISI reveals good concurrent
validity and internal consistency (Cronbach’s alpha = .85; Bastien et al., 2001; Morin,
1993).

The Epworth Sleepiness Scale (ESS) is an eight-item brief self-report measure that
assesses individuals' general levels of daytime sleepiness (Johns et al., 1991; Johns, 1992).
Respondents are asked to rate their usual chances of falling asleep in eight commonly
experienced daytime situations (e.g., when sitting and reading) on a scale of 0 (“would
never dose”) to 3 ("high chance of dozing”). The total score is calculated by adding the
sum of all eight items, yielding a range of 0-24, with higher scores indicating increased
daytime sleepiness (Johns, 1991). The analysis of the psychometric properties of ESS
indicates good validity and internal consistency (Cronbach alpha = .88; Johns et al., 1991;

Johns, 1992).
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Resilience questionnaire

The Connor-Davidson Resilience Scale (CD-RISC-10; Connor & Davidson, 2003) is an
abbreviated and a widely used self-report measure that quantifies the levels of perceived
resilience, such as the ability to cope with stressful events. In general, the scale aims to address
the following concepts: flexibility, self-efficacy, optimism, ability to regulate emotion, and
maintenance of cognitive focus and attention under stress. The total score is obtained by
summing all the scores, which can range from 0 to 40, with higher total scores indicating greater
resilience and lower scores indicating less resilience The analysis of the psychometric properties
of CD-RISC-10 indicates good internal consistency (Cronbach’s Alpha = .85) and construct
validity (Campbell-Sills & Stein, 2007).
Mental and Physical Health Complaints

To assess physical and mental health complains experienced within the last month, the
Physical Health Questionnaire (PHQ) and the Kessler 6-Item Psychological Distress Inventory
(K-6) and the were used (Kessler et al., 2002; Schat et al., 2005). The total scores are obtained by
summing the responses separately for each of the two questionnaires, with the higher scores
indicating more physical and mental health complaints over the last month. These measures have
shown to have good internal consistency (Cronbach’s Alpha =.91 and .89, respectively; Kessler
et al., 2002; Schat et al., 2005). Of note, both questionnaires are already embedded in the
STRAIN questionnaire software (Slavich & Shields, 2018).
Data Analysis Plan

All data analyses were performed using the computer software SPSS (Version 26; IBM,
2020). Before running analyses, descriptive statistics (i.e., mean, median, mode, standard

deviation, skewness, and kurtosis) were obtained for demographic background (i.e., sex, gender,
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SES, alcohol intake quantity and frequency, the use of ADHD medications and caffeine, and
COVID-19 related distress questions) and primary study variables (i.e., cumulative lifetime
stress, WM, processing speed, verbal and visual episodic memory, sleep quality, insomnia
severity, daytime sleepiness, resilience) to ensure statistical modeling assumptions (e.g.,
normality, homoscedasticity, independence) were met. For instance, log and square root
transformations were conducted to normalize the data for the cognitive measures; however, it did
not reduce the skew. As a result, it was decided to use the original values for the cognitive
measures that did not include transformations. Multicollinearity analyses revealed that neither of
the key variables met both criteria for multicollinearity. Finally, a number of outliers were
removed from key variables; the outliers were determined by examining histograms and
identifying values that fell outside of the interquartile (IQR) range “fences” (e.g., Q3 + (1.5 *
IQR)).

Hypothesis one. It was hypothesized that cumulative lifetime stress would relate to
cognitive function (i.e., WM, processing speed, and verbal and visual episodic memory).

Analysis of hypothesis one. Linear regression analyses were performed to examine
whether cumulative lifetime stress would predict cognitive function variables.

Cognitive function measures were the criterion variables and cumulative lifetime stress
was the predictor variable. More specially, four separate regression analyses were performed for
each of the criterion variables (e.g., WM, processing speed, visual and verbal episodic memory).
Next, additional variables such as sex, parental education, alcohol intake, and COVID-19-related
variables were included as predictors in the regression model to examine the role of those

covariates in the stress-cognitive function relationship. Additionally, as exploratory analyses of
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the covariates, the role of the use of stimulants (e.g., ADHD medications and caffeine) was also
examined.

Hypothesis two. It was hypothesized that cumulative stress would relate to sleep
function (i.e., sleep quality, insomnia severity, daytime sleepiness).

Analysis of hypothesis two. Linear regression analyses were performed to examine
whether cumulative lifetime stress would predict sleep function variables. Sleep-related
measures were the criterion variables and cumulative lifetime stress was the predictor variable.
More specially, three separate regression analyses were performed for each of the predictors
(e.g., sleep quality, insomnia severity, and daytime sleepiness). Next, additional variables such as
sex, parental education, alcohol intake, and COVID-19-related variables were included as
predictors in the regression model to examine the role of those covariates in the stress-sleep
relationship. Additionally, as exploratory analyses of the covariates, the role of the use of
stimulants (e.g., ADHD medications and caffeine) was also examined.

Finally, exploratory analysis using linear regression was conducted to examine the
relationship between cumulative lifetime stress and the subcomponents of PSQI (i.e., the
duration of sleep, sleep disturbance, sleep latency, daytime dysfunction due to sleepiness, and
sleep efficiency).

Hypothesis three. It was hypothesized that resilience would moderate the cumulative
lifetime stress and cognitive function relationship. More specifically, it was hypothesized that
higher levels of resilience would weaken the negative relationship between cumulative lifetime
stress and global cognitive function outcome.

Analysis of hypothesis three. To determine if resilience was a significant moderator of

the relationship between cumulative lifetime stress and the global cognitive function score, a
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moderation analysis was conducted using the Hayes PROCESS macro in SPSS (Hayes, 2018).
More specifically, cognitive function global score was the criterion variable, and cumulative
lifetime stress was the predictor variable. Finally, stressXresilience (stress variable multiplied by
resilience variable) was included as a computed moderator variable.

Hypothesis four. It was hypothesized that resilience would moderate the cumulative
stress and sleep relationship. More specifically, it was hypothesized that higher levels of
resilience would weaken the positive relationship between cumulative lifetime stress and sleep
quality disturbance, insomnia severity and daytime sleepiness.

Analysis of hypothesis four. To determine if resilience was a significant moderator of the
relationship between cumulative lifetime stress and each of the sleep measures of interest (sleep
quality, insomnia severity, and daytime sleepiness), three moderation analyses were conducted
using the Hayes PROCESS macro in SPSS (Hayes, 2018). Sleep function measures were the
criterion variables and cumulative lifetime stress was the predictor variable. More specially,
three separate regression analyses were performed for each of the criterion variables (e.g., sleep
quality, insomnia severity, daytime sleepiness); cumulative lifetime stress was the predictor
variable. Finally, stressXresilience (stress variable multiplied by resilience variable) was
included as a computed moderator variable. Overall, three separate moderation analyses were

conducted, given that there are several criterion variables in this hypothesis.
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CHAPTER IV: RESULTS
Participant Demographics

A total of 153 individuals participated in the study. The ages of the participants ranged
from 18 to 25 years old (M= 18.65, SD=1.23) as indicated by the inclusion criteria. The sample
consisted of 100 women and 52 men, and one student who identified as transgender/gender
gueer/non-binary. In terms of race, 0.7% of participants identified as American Indian/Alaska
Native, 3% identified as Asian, 20% identified as Black/African American, 66% as European
American/White, and 10% of participants identified as multi-racial or other, which is
representative of University’s demographics (ECU, n.d). Additional demographic characteristics
are reported in Table 1. Eleven participants were removed from the study due to various data
collection errors. One participant was removed as they did not pass a validity check; as a result,
the final sample included 153 participants.

Information about participants’ self-reported wellbeing was also collected. Psychological
distress and physical health complaints in the past month were assessed using K-6 (M= 39.62,
SD=13.49, range: 16-79) and PHQ (M= 15.15, SD=5.83, range: 6-30) measures, respectively.
Furthermore, participants were asked to subjectively rate their overall physical health and
wellbeing on a scale from 0 to 4, with 0 being “excellent health,” and 4 being “poor health” (M =
1.19, SD =0.89). On average, participants reported their physical health and wellbeing to be
within the “good” range, with commonly reported health-related problems including the
following: a history of allergies, mild visual problems (e.g., astigmatism), asthma, migraines or
chronic headaches, and sickle cell anemia. Common mental health self-reported histories

included anxiety, learning disorders, ADHD, and depression (See Table 3).



Descriptive Statistics of the Main Study Variables

The descriptive statistics of continuous main study variables included the following: the
STRAIN total score; cognitive measures: WM (Forward and Backward Digit Span), processing
speed (Digit Symbol Matching), verbal and visual episodic memory (Verbal and Visual Paired
Associates); sleep measures: insomnia severity, daytime sleepiness, sleep quality and finally the
measure of resilience (See Table 2 for details regarding means and standard deviations). The
skew and kurtosis information, as well as the internal validity of main measures, are also
reported in Table 2.

Cumulative Lifetime Stress and Cognitive Function

Hypothesis one. Hypothesis one posited that elevated levels of cumulative lifetime stress
as measured by the STRAIN would relate to worse global cognitive function. The goal was to
then separately examine each of the cognitive function measures (i.e., WM, processing speed,
verbal episodic memory, visual episodic memory), and linear regression analyses were
performed to examine these relationships. Of note, for the global cognitive function scores, both
raw and scaled scores were explored. Scaled scores were adjusted for age, gender, and
educational background. Using regression, participants’ cumulative lifetime stress did not predict
global cognitive function raw, R? = 0.00, F(1, 135) = 0.03, p = .864, or scaled scores, R? = 0.01,
F(1, 134) = 1.01, p = .317. Similarly, after controlling for sex, parental education, quantity and
frequency of alcohol intake, and the extent of their ongoing worry about the COVID-19
pandemic, cumulative lifetime stress did not significantly predict raw, R? = 0.04, F(1, 134) =
1.11, p = .982, or scaled global cognitive function scores, R? = 0.03, F(1, 133) = 0.77, p = .221.
None of the individual covariates included in the model as predictors were significant (see details

in Table 4).
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Next, each cognitive function domains including WM (measured by Forward and
Backward Digit Span), processing speed (measured by Digit Symbol Matching), and verbal and
visual episodic memory (measured by Verbal and Visual Paired Associates, respectively) were
examined separately. Of note, given the similarity of the results between raw and scaled scores
of individual cognitive function measures, only scaled scores were reported. As mentioned
earlier, scaled scores have been adjusted for age, gender, and educational background and
therefore allowed for clear interpretation and direct comparison to other cognitive measures (See
details in Table 4).

Cumulative lifetime stress did not significantly predict WM (Forward Digit Span), R? =
0.01, F(1, 143) = 2.56, p = .112. However, after controlling for covariates, the regression model
became significant, R>= 0.02, F(1, 142) = 1.57, p = .027. This suggests that higher cumulative
lifetime stress was associated with better performance on a WM task. Conversely, cumulative
lifetime stress did not significantly predict WM scores as measured by Backward Digit Span, R?
=0.00, F(1, 141) = 0.27, p = .608; after controlling for covariates, the model remained non-
significant, R? = 0.02, F(1, 140) = 0.64, p = .652. None of the individual predictors included as
covariates were significant.

The model predicting processing speed score did not yield significant results, R? = 0.00,
F(1, 137) = 0.01, p = .918; after controlling for covariates, the model remained non-significant,
R? =0.03, F(1, 136) = 0.87, p = .869. None of the individual predictors included as covariates
were significant.

Finally, cumulative lifetime stress did not significantly predict verbal episodic memory
performance: R? = 0.00, F(1, 143) = 0.46, p = .498; after controlling for covariates, the model

remained non-significant, R? = 0.02, F(1, 142) = 0.58, p = .349. None of the individual predictors
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included as covariates were significant. Similarly, cumulative lifetime stress did not significantly
predict visual episodic memory scores: R? = 0.00, F(1, 142) = 0.01, p = .907; after controlling for
covariates, the model remained non-significant, R? = 0.05, F(1, 141) = 1.35, p = .971. After
including covariates into the model, COVID-19-related distress was the only significant
predicting covariate of visual episodic memory (B=1.57, SE=0.67, = 0.19, p =.028).

For all analyses described above, the use of stimulants (e.g., ADHD medications and
caffeine) did not significantly predict cognitive function. Of note, in order to limit power-related
concerns associated with having a large number of covariates, those variables were not included
in the overall model. Overall, the results showed that cumulative lifetime stress was not
associated with any of the cognitive function measures, except for WM as measured by TMB
Forward Digit Span, specifically.

Cumulative Lifetime Stress and Sleep

Hypothesis two. Hypothesis two posited that cumulative lifetime stress as indicated by
the STRAIN would relate to worse sleep quality, greater insomnia severity, and greater daytime
sleepiness; linear regression analyses were performed to examine these relationships. As
hypothesized, cumulative lifetime stress significantly predicted sleep quality, R?=0.08, F(1,
144) =12.41, p <.001, suggesting that greater cumulative lifetime stress was associated with
greater sleep disturbance. After controlling for covariates, the regression model remained
significant, R?= 0.16, F(1, 143) = 5.31, p=.002. Next, each individual covariate as a predictor
was examined; the only variable that emerged as a significant predictor was COVID-19-related
worries (B=1.10, SE= 0.41, p = 0.22, p=.009), suggesting that poor sleep quality was associated
with more worries related to the pandemic (See Table 5 for details). Additionally, the use of

stimulants (e.g., ADHD medication and caffeine) did not significantly predict sleep quality. As
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mentioned earlier, those variables were not included in the overall model to limit power-related
concerns associated with having a number of covariates.

Furthermore, exploratory analyses were conducted examining the seven subcomponents of
the PSQI. Cumulative lifetime stress significantly predicted the following subcomponents:
subjective sleep quality, R?= .04, F(1, 146) = 6.72, p = .011; sleep duration, R? = 0.05, F(1, 146)
=7.24, p=.008; sleep disturbances, R?= 0.05, F(1, 141) = 7.62, p= .007; and daytime
dysfunction, R?=0.12, F(1, 146) = 20.53, p< .001. The remaining subcomponents of the PSQI
(i.e., sleep latency, habitual sleep efficiency, and the use of sleeping medications) were not
significantly predicted by cumulative lifetime stress.

In another model, cumulative lifetime stress significantly predicted insomnia severity, R? =
0.14, F(1, 146)= 23.04, p <.001, suggesting that greater cumulative lifetime stress was associated
with greater insomnia severity. After controlling for covariates listed above, the regression model
remained significant, R?= 0.22, F(1, 145) = 7.83, p <.001. After including covariates into the
model, COVID-19-related distress and parental education were the only significant predicting
covariates of insomnia severity (B= 1.57, SE=0.67, # =0.19, p =.020 and B=-0.73, SE=0.37, S
=-0.15, p =.049, respectively; See Table 5 for details). The use of stimulants (e.g., ADHD
medication or caffeine) did not significantly predict insomnia severity.

Finally, as hypothesized, cumulative lifetime stress also significantly predicted daytime
sleepiness, R?=0.06, F(1, 144) = 8.67, p = .004, suggesting that greater cumulative lifetime
stress was associated with more daytime sleepiness. After including covariates, the model
remained significant, R>= 0.12, F(1, 143) = 3.66, p = .010. Only sex emerged as a marginally
significant predictor of daytime sleepiness, B=1.16, SE= 0.60, = 0.16, p = .056, where women

were more likely to experience greater daytime sleepiness. None of the other covariates were
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significant predictors (See Table 5 for details). Similar to the findings above, the use of
stimulants (e.g., ADHD medication or caffeine) did not significantly predict daytime sleepiness.
Cumulative Lifetime Stress, Cognitive Function, and Resilience

Before exploring resilience as a moderator of stress and cognitive function, the relationships
between cumulative lifetime stress, global cognitive function, and resilience were examined.
First, cumulative lifetime stress did not significantly predict resilience, R?= 0.01, F(1, 146) =
1.45, p = .231. After accounting for covariates, the relationship remained non-significant, R? =
0.10, F(1, 145) = 3.24, p=.640. When examining each of the individual covariates, only
COVID-19-related worries emerged as a significant predictor (B=-2.40, SE= 0.84, f = -0.24, p=
.005). Sex emerged as a marginally significant predictor (B=-1.94, SE=1.01, = -0.16, p=
.056), where men were more likely to report greater resilience. Next, we examined resilience as a
predictor of cognitive function; however, it did not emerge as a significant predictor for any of
the cognitive function domains.

Hypothesis three. It was hypothesized that resilience would moderate the relationship
between cumulative lifetime stress and cognitive function (see Figure 1). More specifically, it
was hypothesized that higher levels of resilience would weaken the relationship between
cumulative lifetime stress and global cognitive function score. However, given that cumulative
lifetime stress did not significantly predict any of the cognitive function domains, the moderation
was not tested.

Cumulative Lifetime Stress, Sleep, and Resilience

Before exploring resilience as a moderator of cumulative lifetime stress and sleep, the

relationship between sleep and resilience was explored. Self-reported resilience significantly

predicted sleep quality, R?=0.09, F(1, 150)= 13.91, p <.001, suggesting that increased resilience
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was associated with less sleep quality disturbance (B=-0.16, SE= 0.04, 5 = -0.29). Resilience
significantly predicted insomnia severity, R?= 0.08, F(1, 151) = 13.24, p <.001, suggesting that
higher levels of resilience were associated with reduced reported insomnia severity (B=-0.25,
SE=0.07, 5 = -0.29). Finally, resilience significantly predicted daytime sleepiness R?= 0.04, F(1,
150) = 5.41, p=.021, suggesting that increased resilience was associated with reduced reports of
daytime sleepiness (B=-0.12, SE= 0.05, # =-0.19).

Hypothesis four. It was hypothesized that resilience would moderate cumulative stress and
sleep relationships. More specifically, it was hypothesized that higher levels of resilience would
weaken the relationship between cumulative lifetime stress and sleep disturbance (see Figure 2).
The interaction effects of cumulative lifetime stress and resilience were examined using the
Hayes PROCESS macro in SPSS (Hayes, 2018). None of the interaction terms with cumulative
lifetime stress were significant. The slopes, standard errors, and p-values can be found in Table

5.
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CHAPTER V: DISCUSSION

The objective of the current study was to examine the relationships of cumulative stress
with cognitive function, and sleep outcomes, and examine resilience as a moderator in a sample
of college students. Specifically, the study had the following goals: 1) to examine the
relationship between cumulative lifetime stress and domains of cognitive function; 2) to explore
the relationships between cumulative lifetime stress and several domains of sleep; and 3) to
examine the moderating role of resilience in cumulative stress and cognitive function, as well as
cumulative lifetime stress and sleep relationships.

It is important to note that the college student sample used in the current study adds a
unique contribution to the literature, as many young adults experience problems with sleep given
the increased demands and challenges associated with pursuing a college degree (Taylor et al.,
2013). Further, existing research suggests that college education contributes to improved
domain-general abilities such as cognitive control, reasoning, WM, and processing speed
(Cattell, 1971; Deary et al., 2007; Guerra-Carrillo et al., 2017; Lévdén et al., 2020). Higher
education has predicted better performance on verbal and perceptual reasoning subcomponents
of the FSIQ test, suggesting that education has varying positive effects on certain domains of
cognitive function contributing to general intelligence estimates (Kaufman et al., 2009). The
amount of formal education one has received has also been positively correlated with cognitive
ability throughout the lifespan and is associated with a lower risk of dementia later in life,
potentially due to the contribution of cognitive reserve (Lovdén et al., 2020). Overall,
considering the unique effects of stress on sleep and cognitive function in a college student
population, it is essential to consider these individual differences while interpreting the study’s

findings.



Cumulative Lifetime Stress and Cognitive Function

The initial hypothesis was based on theories that propose that the exposure to various
stressors over the course of one’s lifetime would contribute to negative effects on physical and
mental health outcomes, including but not limited to cognitive function (Senft Miller et al., 2021;
Slavich & Shields, 2018; Toussaint et al., 2016). Specifically, it was hypothesized that greater
cumulative lifetime stress would be associated with greater cognitive impairment, such as
reduced WM, processing speed, and verbal and visual episodic memory. Contrary to the
hypothesis, the results did not yield significant outcomes, except for with scores from the WM
measure (i.e., TMB Forward Digit Span). Instead, it was found that greater cumulative lifetime
stress was associated with better performance on a particular WM task after controlling for sex,
parental education, alcohol intake, and COVID-19-related distress. This finding contradicts the
hypothesis that posited an inverse relationship. Previous studies have consistently reported that
greater chronic stress exposure is usually associated with WM impairment (Evans & Schamberg
2009; Lee & Goto, 2015). However, studies examining the effects of acute stress on WM have
suggested that elevated cortisol secretions were associated with better performance on a WM
task in terms of encoding and maintenance. Based on the present findings, it is proposed that
elevated cortisol may work as a facilitating mechanism assisting subsequent long-term memory
consolidation (Cornelisse et al., 2011; Stauble et al., 2013). Finally, another study also found that
moderate stress exposure may improve one’s reaction time during a WM task without decreasing
the accuracy (Lai et al., 2014). It is possible that while exposure to acute stress under
experimental conditions may improve WM in a unique way, it does not necessarily parallel with
the cumulative lifetime stress effects. Future studies should further explore the effects of acute

versus chronic stress on WM, as well as examine stress levels using biomarkers (e.g., cortisol,
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norepinephrine) to see whether self-report cumulative stress and its effects on cognitive function
are congruent with physiological markers of stress.

Contrary to the proposed hypothesis, there were no significant findings with any other
measures of cognition, essentially suggesting no statistically significant relationship between
cumulative lifetime stress and cognitive function as measured by TMB. Previous studies utilizing
the STRAIN have reported that greater cumulative lifetime stress was associated with lower
processing speed and executive functioning. It has also been found that low levels of stress were
associated with diminished memory for stimulus-response relative to those with moderate stress
levels (Goldfarb et al., 2020; Slavich & Shields, 2018). However, one validation study of the
STRAIN conducted with a Brazilian cohort did not yield significant results in the relationship
between the STRAIN and executive function (Stroop task; Cazassa et al., 2020). In another study
using a sample of older adult women, the number of total lifetime stressors and/or their severity
was also not significantly associated with immediate and delayed recall or WM (Senft Miller et
al., 2021). However, greater lifetime stress exposure was associated with increased symptoms of
subjective memory function. This finding parallels the current study’s findings as the statistical
results between the STRAIN and most cognitive measures (except for Forward Digit Span) were
not significant. Perhaps, future studies should focus on further understanding the role of lifetime
stress exposure in subjective memory, as well as using gold-standard measures of cognition.

Given mixed findings within the STRAIN literature regarding cognitive function, as well
as mostly null findings in this study, a few possible explanations are provided. For instance, it
appears that most of the previous TMB validation studies utilized community, college
undergraduate, and clinical samples, where participants’ average age ranged from 27-60 years

old and had varying levels of education (Chaytor et al., 2021; Fortenbaugh et al., 2015; Germine
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et al., 2012; Rutter et al., 2020; Vogel et al., 2020; Wilmer et al., 2012). In contrast, the sample
in this study strictly consisted of college students, with the average age being much lower than in
the studies mentioned above (age: M= 18.65, SD= 1.23) as most students were within their first
year of college. However, it is important to note that when comparing the raw cognitive function
scores of this study with scores in TMB sample validation study, the scores were comparable
(Singh et al., 2021; see Table 7 for comparison scores). The similarity between test scores
suggests that the validity of TMB in a college student population is not likely to be of concern.

It is also possible that TMB might not be sensitive enough to detect subtle cognitive
impairment as it relates to cumulative lifetime stress, when examined together. For instance,
while cognitive function scores of TMB in this sample were comparable with previous validation
studies, the cumulative lifetime stress total count score was lower compared to what has been
reported in the original STRAIN validation study (Singh et al., 2021; Slavich & Shields, 2018).
Specifically, there were two main differences between the current sample and the original
validation study sample: 1) age (M[SD]= 18.65 [1.23] vs. 37.82 [11.72], respectively) and 2)
cumulative lifetime stress total count (M[SD]= 15.91 [9.68] vs. 25.77 [16.85]), respectively;
Slavich & Shields, 2018). It is possible that given the age and the stage in life of the current
sample, college students have yet to fully experience the negative and pervasive effects of
cumulative lifetime stress exposure. Therefore, cumulative life stress did not predict performance
on cognitive functioning tasks due to restricted range of scores. This is not to say that younger
adults do not experience significant stressors and trauma; instead, it is argued that the current
sample demographics may limit the ability to fully capture the relationship.

Additionally, based on the general intelligence theories of Horn and Cattell (1966), it has

been posited that the two overarching categories of intelligence (i.e., fluid abilities and
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crystallized abilities) peak at different ages (Schneider & McGrew, 2012), suggesting potential
variations in cognitive function outcomes depending on age. For instance, using the TMB
neuropsychological test battery, it has been shown that performance on measures of WM (i.e.,
fluid intelligence) tasks may peak at around 30 years old, which is significantly later than the
optimal peak of processing speed performance (i.e., fluid intelligence), and a significantly earlier
peak for optimal vocabulary performance; however, the age-of-peak performance for verbal and
visual memory was not significant (Hartshorne & Germine, 2015). Overall, these findings
provide further insight into the idea that the current sample, in addition to having limited
exposure to significant lifetime stressors, may have yet to reach their age-of-peak performance
on certain cognitive tasks, therefore limiting the significant findings. Future studies may wish to
explore a more diverse sample including older and non-traditional college students.

Finally, it has been argued that traditional neuropsychological tests have not always been
successful at detecting impairment in cognitive functioning in college students as evidenced by
ample ADHD literature. This lack of a specific relationship between ADHD diagnosis and
executive dysfunction as measured by standard neuropsychological batteries creates further
challenges in understanding the usefulness of neuropsychological assessment in a college student
sample. While it is widely understood that ADHD is a disorder of executive dysfunction, even in
persons with an ADHD diagnosis, this is not always evident on neuropsychological tests of the
same construct. As such, seeing impairment on any single or even multiple executive functioning
tests does not necessarily help to reliability differentiate between a person with and without
ADHD diagnosis (Koziol & Stevens, 2012). Some arguments for this discrepancy are related to
the ecological validity of tests of executive function, in that laboratory-based measures of

cognitive functioning do not fully capture the nuances of the same constructs in everyday life
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(Barkley, 2015). It is possible, then, in the current study that the same concerns of ecological
validity are present. It is also necessary to consider that students who pursue college education
may generally exhibit higher cognitive functioning (e.g., due to adaptive strategies) which serves
as a protective factor against the deleterious effects of cumulative lifetime stress (Meng &
D'Arcy, 2012). Overall, it is possible in the context of the present study whereby college students
participated in the 1.5-hour research study required for course credit, impairments in cognitive
functioning thought to be related to cumulative lifetime stress as assessed by the TMB software
were not as prominent or easily detectable as compared to other methods of assessment (e.g.,
self-report measures).
Cumulative Lifetime Stress and Sleep

Hypothesis two examined cumulative lifetime stress and sleep with a specific focus on
three different sleep-related factors: sleep quality, insomnia severity, and daytime sleepiness.
Regarding sleep quality, which was assessed by the PSQI, it was found that cumulative lifetime
stress measured by the STRAIN was positively associated with poor sleep quality, suggesting
that the more cumulative stress one has experienced, the more reported sleep quality concerns
there are. This finding was expected, as previous studies have examined the relationship between
cumulative lifetime stress measured by the STRAIN and sleep quality measured by the PSQI
(Cazassa et al., 2020; Slavich & Shields, 2018). The same findings are present even in varying
samples (e.g., U.S. community sample, Brazilian cohort) underscoring the strong predictive
validity of STRAIN in relation to sleep quality measured by the PSQI, despite potential cultural
and background differences of participants (Cazassa et al., 2020; Slavich & Shields, 2018). This
study adds to the literature on these relationships by revealing the same findings are present in

college students attending a large, southeastern U.S. university.
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While many studies using the PSQI and STRAIN exist, to our knowledge, this is the first
study to further explore cumulative lifetime stress and its relation to all seven components of
PSQI. As indicated above, results from the current study show that cumulative lifetime stress is
significantly related to the PSQI components of subjective sleep quality, sleep duration, sleep
disturbance, and daytime dysfunction. That is, greater cumulative lifetime stress was associated
with diminished subjective sleep quality, increased sleep duration, greater sleep disturbance, and
greater daytime dysfunction.

Initially, one unexpected finding was a positive relationship between stress and greater
sleep duration, suggesting the more stress one has experienced the more hours of sleep one may
experience each night. This finding appears inconsistent with previous sleep literature in which
studies have shown either a non-significant or negative relationship between these two variables
(i.e., suggesting that individuals with shorter sleep duration have higher odds of reporting
perceived stress; Bassett et al., 2016; Kim et al., 2019). However, the positive relationship
between greater stress and greater sleep duration is consistent with depression literature (Zhai et
al., 2015). Given that cumulative lifetime stress is also positively associated with symptoms of
depression, it can be argued that the relationship between stress and longer sleep duration may
have similar or overlapping mechanisms; that is, individuals experiencing a significant amount
of chronic stressors over a prolonged period of time, may experience chronic exhaustion and an
increased risk for health concerns, therefore requiring more sleep (Jike et al., 2018; Zhai et al.,
2015).

This was also the first study to examine the relationship between cumulative lifetime
stress measured by the STRAIN and insomnia severity and daytime sleepiness. As hypothesized,

cumulative lifetime stress predicted insomnia severity and daytime sleepiness, suggesting that
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more cumulative stress was associated with greater insomnia severity and daytime sleepiness.
These findings are not surprising given that several studies ascertained a relationship between the
above-mentioned variables. For instance, Pillai et al. (2014) found that the relationship between
stress and the risk of insomnia was moderated by the chronicity of the stressors, suggesting that
individuals who experience chronic stress were more likely to develop insomnia; additionally,
higher levels of stress were also associated with higher chances of developing insomnia.
Burnout, which represents chronic exposure to lifetime stressors and chronic fatigue, and
cognitive depletion, has also been significantly associated with overall sleep disturbances and
more specifically, chronic insomnia (Lo Martire et al., 2020). This relationship is likely to be bi-
directional; that is, chronic stressors and burnout may lead to insomnia, and experiencing
insomnia may also lead to fatigue and depletion of resources and motivation, consequently
contributing to chronic stress and burnout. Similarly, it has long been suggested that insomnia
can be initiated by stressful life events, where hyperarousal can negatively affect sleep and
influence the onset of insomnia (Kalmbach et al., 2018). The biobehavioral model of insomnia,
also known as the “3P” or diathesis-stress model, can also help explain the findings. This model
considers three major factors and their contribution to insomnia: predisposing factors (e.g., age,
genetics, family history), precipitating factors (i.e., specific events that precipitate acute insomnia
symptoms such as studying for a test), and perpetuating factors (i.e., coping styles and
compensatory behaviors; Spielman et al., 1987; Wright et al., 2019). Based on this model, it can
be further argued that all three factors evolve and negatively influence sleep as a result of
cumulative stress exposure. For instance, chronic accumulation of stress (e.g., prolonged
financial difficulties) may act both as predisposing and precipitating factors of insomnia; at the

same time, prolonged financial difficulties can lead to the development of negative style thinking
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(i.e., perpetuating factors), further continuing to the maintenance of insomnia (Wright et al.,
2019). Finally, in this study, greater sleep disturbance and insomnia severity were associated
with greater COVID-19 distress. This finding is not surprising, given that a number of studies
have shown such a link, further suggesting the detrimental effects of the pandemic on one’s
overall health and wellbeing (Bhat & Chokroverty, 2022).

Resilience as a Moderator of Cumulative Lifetime Stress and Cognitive Function and
Cumulative Lifetime Stress and Sleep Relationships

The third and fourth hypotheses posited that resilience would moderate the stress-
cognitive function relationship and stress-sleep relationship, respectively. Specifically for
hypothesis three, it was predicted that resilience would lessen the negative interaction of stress
and cognitive function. Prior to conducting moderation analyses, the relationships between
cumulative lifetime stress and resilience, and sleep and resilience, were explored.

Regarding the relationship between stress and resilience, although the association was
negative, cumulative lifetime stress did not significantly predict resilience. This finding is
consistent with previous work in which one study found no significant difference in resilience in
students who were experiencing different stress levels (i.e., low, moderate, high) during a
prolonged stressful experience (i.e., three years during a college entrance examination in China;
Sun et al., 2021) for which the authors argued could be due to resilience being a stable or a trait
characteristic that does not differ depending on the situation (Sun et al., 2021; Leipold & Greve,
2009). In contrast, a number of studies have reported an U-shaped relationship between stress
and resilience. For example, moderate exposure to adverse life events has been associated with
lower global distress, greater life satisfaction, fewer PSTD symptoms, and more positive

psychophysiological responses when exposed to laboratory stressors compared to having no or
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high adversity (Seery et al., 2010; 2013). Similarly, under low, but not high, family and
neighborhood stress, personal characteristics and individual differences distinguished resilience
and non-resilience in children (Jaffee, 2007).

With this discrepancy in findings, it is important to note as such differences may be due
to several factors such as the type of stress measures used (e.g., early childhood trauma,
perceived stress in the past month, chronic stress), the type of resilience measures used, and
varying ways of categorizing stressors (high vs. low; or high vs. moderate vs. low). Regarding
this study’s findings, it is important to note that we only focused on exploring the relationship
between cumulative lifetime stress and resilience assessed by the STRAIN. To date, only one
previous study examined the relationship between cumulative lifetime stress measured by the
STRAIN and resilience. The authors found that moderate stress exposure was associated with
increased resilience in breast cancer survivors (Dooley et al. 2017). Future studies should further
examine whether there would be a different interaction if exploring the effects of acute versus
chronic stress exposures. Different timelines of those stressors (e.g., childhood stress versus
adulthood stress) and their relationship to resilience should also be investigated. While further
exploration of different types of stress experienced during a specific time period of life was not
the focus of this project, the STRAIN gives as a unique opportunity to explore this further.
Finally, to examine if previous studies can be replicated in this sample, future analyses should
also include separating the severity of stressors by low, moderate, and high to further understand
how stress severity may be related to resilience.

The relationship between sleep and resilience was also explored. In this study, resilience
predicted sleep, suggesting that higher levels of resilience were associated with more sleep

disruption. This finding was not surprising given a plethora of studies have suggested an inverse
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relationship between resilience, poor sleep quality, and insomnia symptoms (Cai et al., 2021;
Lenzo et al., 2022; Palagini et al., 2022; Seelig et al., 2016; Zhang et al., 2022; Zhou et al.,
2022). This relationship is likely due to several factors including emotion dysregulation, high
sleep reactivity to stress, and cognitive pre-sleep hyperarousal. It has also been suggested that
individuals with sleep-related disturbances such as insomnia, may have a low capacity to adapt
to stress, further affecting arousal and emotion regulation, which as a result, further contributes
to the development and maintenance of insomnia (Palagini et al., 2018). Given the link between
sleep and resilience, interventions targeting resilience to improve sleep and overall wellbeing
need to be considered and tailored to an individual depending on presentation.

Finally, based on the proposed hypotheses, the moderation analysis was conducted.
Contrary to the initial hypotheses, the interaction terms were not significant, suggesting that
resilience as a moderator did not influence either the stress-cognitive function relationship or the
stress-sleep relationship. After examining the moderations, it is evident that there was no
interaction effect, meaning that the relationship between cumulative lifetime stress and cognitive
function global score, as well as the relationship between cumulative lifetime stress and sleep
(e.g., sleep quality, insomnia severity, daytime sleepiness) remained the same regardless of the
resilience level (i.e., low vs. moderate vs. high).

As discussed earlier, one potential explanation for the lack of findings is the relatively
limited exposure to cumulative lifetime stress as a whole due to the average age of this sample’s
participants. It is also possible due to age and relatively limited exposure to lifetime stressors, the
participants in this sample have not had enough experiences to utilize the benefits of resilience to
the full extent. Of note, the average scores on the CDRS-10 initial validation study (M= 27.21,

SD= 5.84) which included a sample of undergraduate students with an average age of 18.8 years,
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were comparable with the average CDRS-10 scores in this study (Campbell-Sills & Stein, 2007).
However, when examining resilience levels in an older adult sample, as expected, those
participants exhibited higher average resilience scores (M= 31.11, SD= 15.19) compared to this
study’s sample (M= 28.46, SD= 7.93), further suggesting that relatively limited experience with
resilience and cumulative lifetime stress may have influenced the current study’s finding
(Tourunen et al., 2021).

It is also important to consider that younger adults experience psychological resilience
differently compared to older cohorts. That is, depending on age, individuals may differ in the
way they react to or evaluate hopelessness, depression, and illness perception. One study found
that older adults are likely to exhibit higher resilience levels compared to younger adults,
especially in regard to problem-solving and emotion regulation abilities. In younger adults,
greater resilience was associated with more social support. Low energy and poor perceptions of
health were associated with lower resilience, and low hopelessness was associated with greater
resilience in both groups. Overall, these results suggest that depending on age, individuals may
have varying levels of resilience, with different features of resilience being more prominent than
others at certain timepoints (Gooding et al., 2012). Based on this finding, it is possible that the
lack of significant moderation findings was due to the younger age of the participants and the
features of resilience pertinent to this population. Future studies should further examine the role
of resilience as a moderator in the abovementioned relationship using a sample of different ages.
Additionally, the resilience measure used in this study (i.e., CD-RISC-10) contains diverse items
pertaining to the following domains: flexibility, self-efficacy, ability to regular emotion,

optimism, and cognitive focus/maintaining attention under stress (Campbell-Sills & Stein, 2007).
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Given the potential variability in the type of resilience expressed depending on age, future
studies should further examine different aspects of resilience as moderators.
Limitations

Despite the important findings discussed earlier and their clinical implications, this study
has several limitations. First, this is a cross-sectional design, which prevents us from making
causal statements about the relationship between cumulative lifetime stress, cognitive function,
and sleep. Second, the population of college students has unique challenges that could influence
their cognitive function and sleep, therefore limiting the generalizability of our findings. It is also
important to note that the relatively young age of the current sample may have contributed to the
lack of findings, particularly pertaining to the relationship between cumulative lifetime and
cognitive function. It is likely that because of their age, the participants in the current sample (as
a whole) did not have as much exposure to lifetime stressors as individuals in other life stages,
limiting the negative effects on cognition. Additionally, it is possible that given that the
participants in this sample are pursuing higher education, on average, they are likely to
experience better general functioning and related adaptability, which further prevents the
deleterious effects of cumulative lifetime stress on cognition. Future studies should include a
sample consisting of individuals with diverse demographics and varying physical and mental
health diagnoses and symptomology. Therefore, to assist the generalizability of the findings,
future studies should include a community sample of older individuals with varying life
experiences. Additionally, it has also been noted that current TMB tests lack demographically
adjusted normative data. Future studies are needed to assess performance and criterion
performance validity using diverse clinical samples, which again, would improve the

generalizability, sensitivity, and specificity of test results (Singh et al., 2021).
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Third, while online neuropsychological assessment has great advantages, limitations, and
challenges associated with online-based assessment must be considered. For instance, a common
limitation of online-based assessment is the variability of devices used to complete assessments
(e.g., computer, tablet, smartphone; Germine et al., 2019). However, the advantage of this study
is that participants completed the TMB battery in person at the laboratory under the supervision
of a researcher and used the same devices across participants. Given that the TMB battery was
completed in the laboratory, participants had the opportunity to ask the PI study-related
questions, further limiting the opportunity for technological errors. However, while the
assessments were completed in the laboratory, behavioral observations were not recorded for the
study, as might typically be the case with traditional neuropsychological assessment, making it
challenging to determine if the participants were fully engaged (Feenstra et al., 2017). Future
work should focus on developing the ability to have item-level data of digital tests to better
understand different levels of engagement throughout testing (Singh et al., 2021).

Future Considerations

Given several limitations described earlier, directions for future studies will be
considered. First, while this study solely focused on examining the effects of cumulative lifetime
stress exposures, different types of stress (e.g., acute vs. chronic and the severity of stress) may
have varying effects on cognitive function and sleep (Lo Martire et al., 2020; Sandi, 2013). As a
result, future studies should focus on examining and delineating the unique effects of different
types of stress and the severity of stress. The advantage of the STRAIN is that the measure
output provides a convenient breakdown by different types of stressors (e.g., acute, chronic,

recent and the severity of stress), which will assist future studies.
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Second, given that TMB battery has not been validated in the college student population,
future studies should include traditional neuropsychological batteries for comparison of findings.
A previous study using the STRAIN found a relationship between cumulative lifetime stress and
subjective cognitive functioning measures, but not objective (Senft Miller et al., 2021).
Therefore, given the lack of significant findings using objective neuropsychological measures in
this study, future projects should include a combination of gold-standard neuropsychological
measures, online-based measures such as TMB, as well as subjective reports of cognitive
functioning. Additionally, this study did not include a comprehensive neuropsychological battery
and instead only assessed four individual cognitive domains (i.e., processing speed, WM, verbal,
and visual episodic memory); future studies should include additional neuropsychological
assessments to fully capture a profile of the relationship between cumulative lifetime stress and
cognitive function. To further understand the cumulative effects of lifetime stress on cognitive
function, future studies might also wish to focus on assessing cognitive function at several time
points (i.e., one year versus five years versus 10 years) to fully capture the cumulative effects.

Third, the current study only included subjective measures of sleep. In addition to
subjective assessment of sleep, future studies should include objective measures such as
actigraphy or sleep electroencephalogram recordings to further understand the biological
underpinnings of the relationship between cumulative lifetime stress and sleep. While this study
only assessed aspects of sleep function such as sleep quality, insomnia severity, and daytime
sleepiness, future studies should also include a more comprehensive assessment of different
sleep conditions (i.e., sleep apnea, narcolepsy, restless leg syndrome) or utilize different sleep-

related measures (i.e., Dysfunctional Beliefs and Attitudes About Sleep Scale, the

63



Perceptual Vigilance Task) that have yet to be explored in relation to the STRAIN (Dinges &
Powell, 1985; Morin et al., 1993).

Finally, as discussed earlier, the relatively young age, as well as the relatively healthy
status of the current sample may have contributed to the lack of some of significant findings in
this sample. Therefore, future studies should focus on including a diverse sample consisting of
participants of diverse demographics, cultural backgrounds, and varying clinical presentations
(i.e., patients with ADHD diagnosis, severe mental illness, older adults, dementia patients,
caregivers).

Conclusions and Study Summary

In summary, the current study consisted of two parts. First, the goal was to examine the
relationship between cumulative lifetime stress and cognitive function, and the potential
moderating role of resilience. Despite the proposed hypotheses, stress did not significantly
predict cognitive function, except for WM (Forward Digit Span), where greater cumulative
lifetime stress was associated with better WM task performance; resilience as a moderator did
not influence the relationship. The second goal was to examine the relationship between
cumulative lifetime stress and sleep, and the potential moderating role of resilience. As
hypothesized, stress predicted sleep outcomes, suggesting that greater cumulative lifetime stress
was associated with worsened sleep quality, increased insomnia severity, and daytime sleepiness;
resilience as a moderator did not influence the relationship. This was the first study to examine
the relationship between cumulative lifetime stress using the STRAIN and online-based
neuropsychological assessment battery, TMB. Additionally, this was also the first study to
examine the relationship between the STRAIN and subcomponents of PSQI, as well as other

sleep-related measures such as ISI and ESS. Overall, the current study underlines the deleterious
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effects of lifetime stress exposure on sleep, further adding to existing literature. To improve the
ecological validity of the current findings, future studies should expand beyond a college student
sample and focus on examining the abovementioned relationships using demographically,

culturally, and clinically diverse samples.
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APPENDIX A: TABLES
Table 1

Demographics of Study Participants (N= 153)

Variable n %
Race
American Indian/Alaska Native 1 0.7
Asian 5 3.3
Black/African American 31 20.3
European American/White 101 66.0
Multi-racial 10 6.5
Other 5 3.3
Ethnicity
Hispanic/LatinX 24 15.7
Not Hispanic/LatinX 129 84.3
Sex/Gender
Female/Woman 100 65.4
Male/Man 52 34.0
Transgender/Gender queer/Non-binary 1 0.7
Mothers’ Education
12 Years or Less 10 6.5
High School Graduate/GED 17 111
Some College/AA degree 21 13.7
College Graduate (Bachelor’s) 63 41.2
Master’s Degree or Beyond 42 27.5
Fathers’ Education
12 Years or Less 14 9.2
High School Graduate/GED 32 20.9
Some College/AA degree 31 20.3
College Graduate (Bachelor’s) 53 34.6

Master’s Degree or Beyond 22 14.4




Table 2

Main Study Variables Descriptive Statistics

Variable n M SD Min Max A Skew Kurtosis
Cumulative Lifetime Stress 147 1591 968 0.00 4200 - 074 -0.11
Cognitive Measures
Forward Digit Span 149 6.13 125 4.00 10.00 - 0.65 0.07
Backward Digit Span 150 5.00 147 100 9.00 - 019 -0.25
Digit Symbol Matching 147 5273 9.70 33.00 79.00 - 0.68 0.14
Verbal Paired Associates 145 16.75 490 5.00 25.00 - -0.54 -0.38
Visual Paired Associates 149 1579 506 3.00 24.00 - -0.15 -0.86
Sleep measures
Sleep Quality 151 6.54 321 100 19.00 0.73 0.67 0.07
Insomnia Severity 151 1519 518 8.00 28.00 0.86 0.84 0.11
Daytime Sleepiness 151 7.77 3.67 0.00 19.00 0.68 0.29 -0.36
Resilience 153 2770 579 14.00 40.00 0.85 0.00 0.21
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Table 3

Physical and Mental Health History Frequencies

Variable n %

Physical Health History
Allergies 51 33
Asthma 23 16
Autoimmune disease 6 4
Cancer 1 0.7
Developmental disorder 3 2
Diabetes 1 0.7
Hearing loss 2 1.3
High blood pressure 5 3
Migraine or chronic headaches 18 12
Musculoskeletal problems 2 1.3
Obesity 6 4
Seizures or epilepsy 3 2
Sickle-cell anemia 14 9.2
Thyroid disease 1 0.7
Visual problems 37 24
Other 17 11

Mental Health and Other History
ADHD 14 9.2
Anxiety-related disorders 34 22
Bipolar disorder 4 2.6
Developmental disorder 3 2
Depression 19 12.4
Learning disorder 22 14.4
Sleep disorder 2 1.3
Other psychological/psychiatric disorder 3 2
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Table 4
Cumulative Lifetime Stress as a Predictor of Cognitive Variables

Variable B SE B p
Global Cognitive Function
Constant -0.47 0.25 - .062
Cumulative lifetime 0.01 0.01 0.11 221
stress
Sex 0.07 0.10 0.06 516
Parental educ. 0.00 0.01 0.00 975
Alcohol intake 0.00 0.00 -0.04 .691
COVID-19 distress 0.07 0.08 0.08 405
Forward Digit Span
Constant -0.11 0.33 - 737
Cumulative lifetime 0.16 0.01 0.19 .027
stress
Sex 0.03 0.13 0.02 .816
Parental educ. 0.04 0.06 0.05 .538
Alcohol intake -0.001 0.00 -0.08 .349
COVID-19 distress -0.21 0.11 -0.17 .060
Backward Digit Span
Constant -0.60 0.35 - .085
Cumulative Lifetime 0.00 0.01 0.04 .652
Stress
Sex 0.22 0.14 0.14 110
Parental educ. -0.01 0.06 -0.02 .852
Alcohol intake 0.00 0.00 0.03 .698
COVID-19 distress -0.01 0.16 -0.01 .922
Digit Symbol Matching
Constant -0.39 0.31 - 216
Cumulative Lifetime 0.00 0.01 0.02 .869
Stress
Sex -0.54 0.13 -0.04 671
Parental education -0.01 0.06 -0.02 .849
Alcohol intake -0.001 0.00 -0.04 .665
COVID-19 distress 0.20 0.10 0.17 .062
Verbal Paired Associates
Constant -0.70 0.40 - .081
Cumulative Lifetime 0.01 0.01 0.08 .349
Stress
Sex -0.05 0.16 -0.03 746
Parental educ. 0.03 0.07 0.04 .685
Alcohol intake 0.001 0.002 0.03 757
COVID-19 distress 0.15 0.13 0.10 248
Visual Paired Associates
Constant -0.24 0.48 - .613
Cumulative Lifetime 0.00 0.01 0.003 971
Stress
Sex -0.02 0.19 -0.01 .906
Parental educ. -0.03 0.09 -0.03 .730
Alcohol intake -0.002 0.002 -0.07 .409
COVID-19 distress 0.35 0.16 0.20 .028
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Table 5

Cumulative Lifetime Stress as a Predictor as Sleep Variables

Variable B SE B P

PSQI (Sleep Quality)

Constant 2.30 1.26 - .070

Cumulative lifetime stress 0.08 0.03 0.25 .002
Sex 0.84 0.50 0.25 .093
Parental educ. -0.06 0.23 -0.02 .788
Alcohol intake 0.01 0.01 0.06 448
COVID-19 distress 1.10 0.41 0.22 .009

ISI (Insomnia Severity)

Constant 10.23 2.04 - <.001

Cumulative lifetime stress 0.18 0.04 0.34 <.001
Sex 1.51 0.80 0.14 .062
Parental educ. -0.73 0.37 -0.15 .049
Alcohol intake 0.00 0.01 0.02 T72
COVID-19 distress 1.57 0.67 0.19 .020

ESS (Daytime Sleepiness)

Constant 4.27 1.53 - .006

Cumulative Lifetime Stress 0.08 0.03 0.21 .010
Sex 1.16 0.60 0.16 .056
Parental educ. -0.40 0.28 -0.12 148
Alcohol intake 0.01 0.01 0.14 .090
COVID-19 distress 0.44 0.50 0.07 .384

Note. PSQI= Pittsburgh Sleep Quality Index; ISI= Insomnia Severity Index; ESS= Epworth
Sleepiness Scale.

Table 6

Resilience as a Moderator in the Relationship Between Cumulative Lifetime Stress and Sleep

Variable B SE p
PSQI (Sleep Quality)

Interaction of Stress X Resilience 0.00 0.00 720
ISI (Insomnia Severity)

Interaction of Stress X Resilience -0.002 0.01 .764
ESS (Daytime Sleepiness)

Interaction of Stress X Resilience -0.01 0.01 185

Note. PSQI= Pittsburgh Sleep Quality Index; ISI= Insomnia Severity Index; ESS= Epworth
Sleepiness Scale.
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Table 7

Descriptive Statistics of Selected TMB Scores of this Study Compared to Selected TMB

Normative Sample

Current Study TMB Normative Sample|
Test n M (SD) n M (SD)
Forward Digit Span 149 6.13 (1.25) 9858 6.43 (1.58)
Backward Digit Span 150 5.00 (1.47) 6269 5.33 (1.58)
Verbal Paired Associates 145 16.75 (4.90) 8496 18.21 (5.63)
Visual Paired Associates 149 15.79 (5.06) 9280 15.97 (4.53)

Note. TMB Normative Sample scores were provided in the Singh et al. (2021) article.
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Table 8

Summary of Measures

Questionnaire Administration ~ # of Items Construct(s) Measured Scale Interpretation
Time
1. Adult STRAIN ~18-25 Adaptive Cumulative lifetime stress The developers of the
Questionnaire STRAIN will use 115
different cumulative
Approx. 220 life stress summary
questions variables to summarize
a person’s stress
exposure.
2. TMB Digit Symbol ~5 min N/A Processing speed The results output
Matching provided by TMB will
include raw scores
(total score and total
number of errors),
normative z-scores
based on gender, age
and education level.
3. TMB Digit Span ~5 min N/A Short-term memory, Refer to item #2
attention, and working description
memory (backward version)
4. TMB Verbal Paired ~5 min N/A Verbal memory and episodic  Refer to item #2
Associates memory: measures sustained  description
attention, response
inhibition, and cognitive
control
5. TMB Visual Paired ~5 min N/A Visual memory and episodic  Refer to item #2

Associates
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Pittsburg Sleep ~5-10 min 19
Quality Index (PSQI)

Epworth Sleepiness ~3 8
Scale (ESS)

Insomnia Severity ~3 7
Scale (ISI)

9. The Connor- ~5 min 10
Davidson
Resilience Scale
(CD-RISC 10)

Sleep quality 0-21; score of >5 is
considered as a
significant sleep
disturbance.

Daytime sleepiness 0-24; Higher scores
suggest excessive
daytime sleepiness

Severity of sleep initiation, 0-28; higher scores
maintenance, and suggest clinical
awakening; sleep insomnia
satisfaction; daily

consequences; attributed

impairment to sleep; concern

for sleep

Resilience 0-40; higher scores
suggest higher
resilience.
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APPENDIX B: STUDY MEASURES
DEMOGRAPHIC QUESTIONS

1. Birth Date (MM/DD/YYYY):
Age: years

2. What is your biological sex?
Male

Female

Intersex

Other (please specify):

I’d prefer not to say

3. What is your gender?
Female/Woman

Male/Man

Transgender/ Gender gueer/non-binary
Unspecified

4. What is your Race

American Indian/Alaska Native

Asian

Black or African American

Native Hawaiian or Other Pacific Islander
White or European American

Multi-racial

Unknown or other:

5. Ethnicity
Hispanic/Latinx
NOT Hispanic/Latinx

Medical History

1. How would you describe your general health?

Excellent
Very good
Good

Fair

Poor

N

Have you ever been diagnosed with any of the following?



Medical condition

No

Yes

If yes, what
year?

If yes, please specify the
name of the disease
(e.g., Anxiety-related
disorders: Generalized
Anxiety Disorder)

Allergies

Asthma

Anxiety-related disorders

Autoimmune disease (e.g.,
MS, lupus)

Bipolar disorder

Cancer (e.g., breast cancer,
brain tumor)

Developmental disorder
(e.g., autism)

Depression

Diabetes

Drug or alcohol
abuse/dependence

Head injury or concussion

Hearing loss

High blood pressure

Learning disorder (reading,
writing, math, other)

Migraine or chronic
headaches

Musculoskeletal problems

Obesity

Other
psychological/psychiatric
disorder

Schizophrenia

Seizures or epilepsy
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Sick-cell anemia

Sleep disorder (e.g.,
insomnia, sleep apnea)
Stroke

Thyroid disease

Vision Problems

Other:

3. Below, please list all prescription medications, over-the-counter medication, herbal and/or
vitamin supplements that you have been taking over the last 12 months:

Medication Dose Frequency Route Date Started Purpose
Name
e.g., 20 mg 2x/day Oral 09/10/2017 Diabetes
Medication

Alcohol and Substance Use-Related Questions

Now, we would like to learn more about your drinking and substance-use habits. Please keep in
mind that your responses will be kept strictly confidential.

Please answer the following questions about your use of alcohol and other substances over the
past month.

One drink equals:

12 oz. Beer
5 0z. Wine
1.5 oz Liquor (one
shot)
1. Over the past month, how often did you consume drinks containing alcohol?
e Never
e Monthly or less
e 2-4times a month
e 2-3times a week
e 4 0or more times a week

2. Over the past month, how many alcoholic drinks have you had on a typical day when you
were drinking alcoholic beverages?
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O NO Ol WNPEFO

(o]

10+
| prefer not to answer

. Over the past month, on average how often did you consume caffeinated drinks (i.e.,
coffee, caffeinated tea, energy drinks, caffeinated soda)?

Never

Monthly or less

2-4 times a month

2-3 times a week

4 or more times a week

. Over the past month, how many cups or cans of caffeinated drinks (i.e., coffee,
caffeinated tea, energy drinks, caffeinated soda) have you had on a typical day when you
were drinking caffeinated beverages?

e 0

00O NO Ol WN B

(o]

10+
| prefer not to answer

. Over the past month, how often have you used marijuana (e.g., a joint, pot, weed, hash, or
hash oil) or cannabis?
e 0

o 1
e 2
e 3
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9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31+
| prefer not to answer

. Over the past month, how often have you used a medication for anxiety or sleep (e.g.,
Xanax, Ativan or Klonopin)? This could be medication prescribed for you or not
prescribed for you.

0

e 6 o o6 o o o o o o o
P O 00 ~NO Ol WwDN -
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31+
| prefer not to answer

. Over the past month, how often have you used medication for ADHD (e.g., Adderall,
Ritalin)? This could be medication prescribed for you or not prescribed for you.
e 0

OO Ol WNPEF

e o el =)
~No UM WNRERO

[EY
(0e]
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19
20
21
22
23
24
25
26
27
28
29
30
31+
| prefer not to answer

. Over the past month, how often have you used nicotine (e.g., cigarette smoking, chewing
tobacco, vaping, patches, gum, etc.).

Never

Monthly or less

2-4 times a month

2-3 times a week

4 or more times a week

. Over the past month, how often have you used nicotine (e.g., cigarette smoking, chewing
tobacco, vaping, patches, gum, etc.) on a typical day?
0

0O NO Ol WN P

©

10+
| prefer not to answer
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Socioeconomic Status (SES)-Related Questions

1.

What is the highest level of education completed by your parent or a guardian (e.g, mother,
father, grandmother, grandfather, legal guardian, adoptive/foster parents)?

Less than 12 years

High school graduate/GED

Some college/AA degree

College graduate (Bachelor’s degree)

Graduate or professional degree: Master’s or Doctorate degree (MD, PhD, JD)

What is the highest level of education completed by your other parent or a guardian (e.qg,
mother, father, grandmother, grandfather, legal guardian, adoptive/foster parents)?

Less than 12 years

High school graduate /GED

Some college/AA degree

College graduate (Bachelor’s degree)

Graduate school degree: Master’s or Doctorate degree (MD, PhD, JD)

COVID-19 Related Questionnaires

1. Please rate your overall degree of stress and worry over the COVID-19 pandemic in
the last 6 months?

0 | 1 | 2 | 3 | 4
Not worried at Neutral Very worried
all
2. How often have you worried about COVID-19 in the past week?
0- Not worried at all
1- Several days
2- More than half the days
3- Nearly every day
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SLEEP MEASURES
1. Pittsburg 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.

1. During the past month, what time have you usually gone to bed at night?

BED TIME

2. During the past month, how long (in minutes) has it usually taken you to fall asleep each night?

NUMBER OF MINUTES

3. During the past month, what time have you usually gotten up in the morning?

GETTING UP TIME

4. During the past month, how many hours of actual sleep did you get at night? (This may be

different than the number of hours you spent in bed.)
HOURS OF SLEEP PER NIGHT

For each of the remaining questions, check the one best response. Please answer all questions.

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

a) Cannot get to sleep within 30 minutes

Not during the past Less than once a Once or twice a
month week week

Three or more times a
week

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

Not during the past Less than once a Once or twice a
month week week

Three or more times a
week

c) Have to get up to use the bathroom

Not during the past Less than once a Once or twice a
month week week

Three or more times a
week

d) Cannot breathe comfortably

Not during the past Less than once a Once or twice a
month week week

Three or more times a
week

e) Cough or snore loudly
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Not during the past Less than once a Once or twice a Three or more times a
month week week week

f) Feel too cold

Not during the past Less than once a Once or twice a Three or more times a
month week week week

g) Feel too hot

Not during the past Less than once a Once or twice a Three or more times a
month week week week

h) Had bad dreams

Not during the past Less than once a Once or twice a Three or more times a
month week week week

i) Have pain
Not during the past Less than once a Once or twice a Three or more times a
month week week week

j) Other reason(s), please describe

How often during the past month have you had trouble sleeping because of this?

Not during the past Less than once a Once or twice a Three or more times a
month week week week

6. During the past month, how would you rate your sleep quality overall?

Very good

Fairly good

Fairly bad

Very bad

7. During the past month, how often have you taken medicine to help you sleep (prescribed or "over
the counter™)?

Not during the past | Less than once a Once or twice a Three or more times a
month week week week

116



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

Not during the past | Less than once a
month week

Once or twice a
week

Three or more times a
week

7. During the past month, how much of a problem has it been for you to keep up enough

enthusiasm to get things done?

No problem at all

Only a very slight problem

Somewhat of a problem

A very big problem

8. Do you have a bed partner or roommate?

No bed partner or room mate

Partner/room mate in other room

Partner in same room, but not same bed

Partner in same bed

2. Insomnia Severity Questionnaire (ISI)

The Insomnia Severity Index has seven questions. For each question, please CIRCLE the number that

best describes your answer.

Please rate the CURRENT (i.e. LAST 2 WEEKS) SEVERITY of your insomnia problem(s).

Insomnia None Mild Moderate Severe Very Severe
Problem
1. Difficulty | O 1 2 3 4
falling
asleep
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2. Difficulty | 0 1 2 3 4
staying
asleep

3. Problems | 0 1 2 3 4
waking
up too
early

4. How SATISFIED/DISSATISFIED are you with your CURRENT sleep pattern?

Very Satisfied Satisfied Moderately Dissatisfied Very Dissatisfied
Satisfied
5. How NOTICEABLE to others do you think your sleep problem is in terms of impairing the
quality of your life?
Not at all A Little Somewhat Much Very Much
Noticeable Noticeable

6. How WORRIED/DISTRESSED are you about your current sleep problem?
Not at all A Little Somewhat Much Very Much
Worried Worried

7. To what extent do you consider your sleep problem to INTERFERE with your daily functioning
(e.g. daytime fatigue, mood, ability to function at work/daily chores, concentration, memory,
mood, etc.) CURRENTLY?
Not at all A Little Somewhat Much Very Much
Interfering Interfering

3. Epworth Sleepiness Scale
How likely are you to doze off or fall asleep in the following situations, in contrast to feeling just tired?
This refers to your usual way of life in recent times.
Even if you haven’t done some of these things recently try to work out how they would have affected you.
Use the following scale to choose the most appropriate number for each situation:
0 = would never doze
1=slight chance of dozing
2= moderate chance of dozing
3= high chance of dozing

It is important that you answer each question as best as you can.
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Situation

Sitting and reading

Watching TV

Sitting, inactive in a public place (e.g., theater or a meeting)
As a passenger in a car for an hour without a break

Lying down to rest in the afternoon when circumstances permit
Sitting and talking to someone

Sitting quietly after a lunch without alcohol

In a car, while stopped for a few minutes in the traffic
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0

0

1

1

2

2

3

3



RESILIENCE MEASURE

Connor- Davidson Resilience Scale 10 (CD-RISC-10)

Please indicate how much you agree with the following statements as they apply to you over the last
month. If a particular situation has not occurred recently, answer according to how you think you would
have felt.

not true | rarely sometimes | often true nearly
atall true true true all the time
(0) 1) ) ©) (4)

1. lam able to adapt
when changes occur.

2. | can deal with
whatever comes my
way.

3. |trytoseethe
humorous side of
things when | am.

4. Having to cope with
stress can make me
stronger.

5. Itend to bounce back
after illness, injury,
or other hardships.

6. |believe | can
achieve my goals,
even if there are
obstacles.

7. Under pressure, |
stay focused and
think clearly.

8. Il am not easily
discouraged by
failure.

9. | think of myselfas a
strong person when
dealing with life’s
challenges and
difficulties.

10. | am able to handle
unpleasant or painful
feelings like sadness,
fear, and anger.
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