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Relationship Between Sleep and Depression in Individuals with Post-Stroke Aphasia
Kaitlin Zarbis, M.S.

University of Pittsburgh, 2023

Background: Many stroke survivors experience issues with their sleep following their stroke, such
as difficulty falling asleep and staying asleep, or decreased sleep quality. Difficulties with sleep
can also be related to and cause mental health obstacles, such as depression; at the same time, poor
mental health can exacerbate and cause difficulties with sleep. It is very likely that people with
aphasia (PWA) experience sleep impairments or disorders, which can impact their course of
recovery and their mental health; however, there is a dearth of research that explores the
relationship between sleep and depression in individuals with post-stroke aphasia. This study seeks
to consider the association between self-reported sleep disturbance and self-reported depression
symptoms while accounting for demographic, stroke, and language variables. Furthermore, this
study provides preliminary findings exploring the correlations between self-reported sleep
disturbance, sleep related impairments, fatigue, and depression in individuals with chronic post-
stroke aphasia, while also commenting on the potential feasibility of specific self-report sleep
questionnaires within the post-stroke aphasia population.

Procedures: This study includes an analysis of 72 PWA who completed measures of aphasia
severity, depression, and sleep. Furthermore, this study includes seven PWA who completed
subtests of the Comprehensive Aphasia Test; the Patient Reported Outcomes Measurement
Information System (PROMIS) — Sleep Disturbance (SD), — Sleep Related Impairment (SR1), and

— Fatigue; and the Patient Health Questionnaire — 8 (PHQ-8).



Results: The only statistically significant and meaningful predictor of PHQ-8 responses in the
multiple regression model was PROMIS-SD Short Form 8a responses. Furthermore, positive
correlations were revealed between self-reported sleep disturbance and depression (though
modest), self-reported sleep related impairment and depression, self-reported fatigue and sleep
disturbance, self-reported fatigue and sleep related impairment, and self-reported sleep disturbance
and sleep related impairment. There was a weak negative correlation found between self-reported
fatigue and depression.

Conclusions: Given this preliminary data, it is important to consider sleep, fatigue, and depression
as potential factors impacting rehabilitation and overall quality of life in the post-stroke aphasia

population.
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1.0 Introduction

Stroke is a leading cause of disability in the United States, resulting in motoric and
cognitive impairments that often require rehabilitation. Anywhere from 20% to 50% of stroke
survivors experience post-stroke sleep disturbance(s) (Katzan et al., 2020b; Khot & Morgenstern,
2019), including insomnia (inability to fall asleep) and excessive daytime sleepiness. High quality
sleep is associated with optimized memory and learning function (Deak & Stickgold, 2010), both
of which are fundamental in supporting physical, occupational, and speech-language rehabilitation
following brain injury (Dignam et al., 2017; Galski et al., 1993; Skidmore et al., 2010).
Furthermore, several human and animal studies have identified sleep as a factor predicting post-
stroke rehabilitation outcomes; however, these investigations have predominantly focused on
physical recovery or overall stroke severity rather than cognitive or language recovery (Duss et
al., 2017; Joa et al., 2017; Kim et al., 2015; Siengsukon & Boyd, 2008; Wallace et al., 2012;
Zunzunegui et al., 2011).

Another factor affecting post-stroke rehabilitation outcomes is depression. Approximately
one-third of individuals post-stroke are affected by depression at some point following their stroke,
with the highest frequency of depression occurring within the first year following stroke (Towfighi
etal., 2017). The first year following stroke is known to be a critical period of time where patients
can demonstrate robust improvements from rehabilitation, partially driven by neuroplasticity;
depression and its negative psychological and biological impacts can create a more challenging

rehabilitation course.



Aphasia is an acquired language disorder commonly caused by a left-hemisphere stroke. It
affects approximately two million Americans, resulting in devastating and lasting impairments in
one’s ability to produce and understand language (Simmons-Mackie, 2018). Given the
aforementioned prevalence of sleep disorders post-stroke, it is highly likely that people with
aphasia (PWA) also experience sleep disturbance, negatively affecting the course of their recovery
and their ability to respond to language treatment and rehabilitation. Furthermore, approximately
60% of individuals with aphasia also experience depression, creating an additional rehabilitative
threat for this clinical population (Kauhanen et al., 2000; Laures-Gore et al., 2020).

Impaired sleep is both a risk factor and a symptom of depression. While sleep difficulties
are often considered secondary to the onset of depression, sleep also strongly influences both the
development and trajectory of depression (Franzen & Buysse, 2008). This highlights a clear
bidirectional relationship between sleep and depression, where a lack of sleep or a reduction in
sleep quality can result in greater depressive symptoms, or, where an increase in depressive
symptoms can result in a lack of sleep or reduction of sleep quality. With sleep impairment and
depression appearing heavily in the post-stroke population, it is important to acknowledge the
effects that these factors can have on individuals with aphasia and, potentially, their response to
speech-language rehabilitation.

Comparing measures of sleep and measures of depression is a vital first step in exploring
the relationship between self-reported sleep function and self-reported depression symptoms as
well as the impact that these issues can have on the outcomes of PWA. Self-report measures
specifically provide a clinically viable option for measuring sleep in vulnerable populations such
as PWA; speech-language pathologists, who are at the forefront of treatment of PWA, can briefly

administer self-report measures within a clinical setting in order to make the necessary referrals
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and support the overall well-being of PWA, in reference to the goals and holistic values of the Life
Participation Approach to Aphasia (LPAA) (Chapey et al., 2000). The Patient Health
Questionnaire — 8 (PHQ-8) is a valid measurement of depression that has been used frequently and
successfully in PWA. The Patient Reported Outcomes Measurement Information System
(PROMIS) Sleep Disturbance (SD), Sleep Related Impairment (SRI), and Fatigue subscales are
self-reported measures that have been created to qualitatively measure sleep disturbance and its
impact during waking hours. While minimal studies have used existing measures of sleep function
(such as the PROMIS) in the post-stroke aphasia population, the PROMIS Sleep and Fatigue
subscales appear to be practical options due to their validity and utility among a variety of other
patient populations, including post-stroke without aphasia diagnosis.

The current study aims to examine the association between self-reported sleep disturbance
and self-reported depression symptoms while accounting for demographic, stroke, and language
variables. Furthermore, the current study presents preliminary findings considering the
correlations between self-reported sleep disturbance, sleep related impairments, fatigue, and
depression in individuals with chronic post-stroke aphasia, as well as anecdotal commentary

related to the feasibility of the PROMIS sleep and fatigue subscales for PWA.

1.1 Sleep: A Brief Overview

Sleep is a function vital for sustaining life. The reason that sleep is so vital is widely studied
but remains poorly understood, although some of sleep’s critical roles have emerged from cellular

and molecular investigations. For example, sleep appears to eliminate toxins that accumulate in



the brain in waking states that occur between periods of sleep (Inoué et al., 1995; Xie et al., 2013).
Sleep is also implicated in thermoregulation (McGinty & Szymusiak, 1990), energy conservation
(Berger & Phillips, 1995), and immune system function (Everson, 1997). Beyond restorative
functions, sleep contributes to processes supporting brain plasticity, such as long-term potentiation
and long-term depression, which positively impacts learning and memory (Krueger et al., 2016;
Rasch & Born, 2013; Yang et al., 2014).

Throughout the night, individuals typically cycle through two stages of sleep that are
responsible for diverse processes and result in different amounts of types of brain activity. The
first stage is Non-Rapid Eye Movement (NREM) sleep, and the second stage is Rapid Eye
Movement (REM) sleep. NREM predominates the first half of a night’s sleep, while more time is
spent in REM during the latter half of the night.

NREM itself is further sub-divided into three additional stages: N1 (stage 1 NREM), N2
(stage 2 NREM), and N3 (stage 3 NREM). N1 is considered to be an intermediate phase between
wake state and sleep, where breathing and muscle tone do not differ dramatically from the awake
state. During this stage, alpha waves that are present while humans transition from wake to sleep
are replaced with low-amplitude mixed frequency brain activity (Léger et al., 2018; Patel et al.,
2022). During N2, heart rate and body temperature drop, with sleep being considerably “deeper.”
Sleep spindles, or a pattern of brainwaves that appear during NREM sleep originating in the
thalamus, assist with inhibiting external sensory stimuli to promote a continued sleep state; they
also play a crucial role in supporting memory and learning by promoting synapse formation and
strengthening (Deak & Stickgold, 2010; Schonauer, 2018; Wilson & McNaughton, 1994). Finally,
N3 is often referred to as slow-wave sleep, named largely due to the high amplitude and slow

frequency delta wave activity observed with EEG during this stage (Patel et al., 2022). Slow wave
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sleep plays an important role in learning and memory; however, the mechanisms supporting this
relationship remain under active investigation (Léger et al., 2018).

In the latter half of the night, REM sleep arises and appears to be crucial in supporting
learning and memory, although this concept is not fully understood at this time. Some findings
suggest that REM sleep is required for non-declarative memory success (Karni et al., 1994) as well
as spatial and contextual memory consolidation (Boyce et al., 2017), and complex or even
emotionally-charged declarative memories (Smith & Rose, 1996). Other findings suggest that
REM sleep facilitates the processing of emotional information, exhibiting the importance of REM
sleep especially as it relates to mental health. A lack of REM sleep can be harmful regarding the
consolidation of more positive emotional content, leading to mental health disorders as a result
due to higher retention of negative memories as compared to memories related to positive or
neutral events (Walker & van der Helm, 2009). The body of literature characterizing the role of
REM sleep with regards to a variety of processes is vast, with more to eventually be discovered.

It is important to acknowledge that the sleep cycle does not remain steady throughout the
human lifespan, with aging adults often experiencing varying degrees of change in the macro-
elements of their sleep (overall sleep duration and duration of time spent in each sleep stage) and
in the micro-elements of their sleep (the quantity and quality of sleep) (Mander et al., 2017).
Changes can include a more disorganized and unstable pattern of sleep rise times and bedtimes
(Conte et al., 2014), a lower capacity for sleep and overall sleep duration (Klerman & Dijk, 2008),
and less time spent in NREM and REM cycles of sleep (Landolt et al., 1996; Van Cauter et al.,
2000). It is unclear if the propensity for older adults to get less sleep is due to a decrease in
functional sleep need, or if older adults require higher amounts of sleep but are physically

incapable of getting this sleep (Mander et al., 2017); however, reduced duration in each sleep stage
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has implications for overall learning and memory consolidation, given the purported role of sleep
stages for successful cognitive functioning. Age-related changes in sleep become important to
consider in discussing changes in sleep within the post-stroke aphasia population, due to the fact
that the post-stroke aphasia population tends to be comprised of older adults. Thus, as the
discussion of sleep within the post-stroke aphasia population continues, considerations related to

potential age-related changes in sleep function prior to stroke need to be regarded.

1.1.1 Definitions of Four Sleep Disorders

According to the Centers for Disease Control and Prevention (CDC, 2022), four of the
most major sleep disorders are insomnia, excessive daytime sleepiness, restless legs syndrome,
and sleep-disordered breathing (also known as sleep apnea). Insomnia can manifest as difficulties
initiating sleep itself or difficulties maintaining sleep; often times, excessive daytime sleepiness
may occur alongside insomnia, where an individual faces functional impairment due to extreme
sleepiness that occurs throughout the course of the day. Excessive daytime sleepiness can also
occur when an individual gets a perceived “enough” hours of sleep, but still faces sleepiness and
often falls asleep throughout the day (Marquez-Romero et al., 2014). Restless legs syndrome
causes aching and pains throughout the legs that can only be satisfied through movement, resulting
in difficulty falling asleep. Finally, sleep apnea—diagnosed as either obstructive sleep apnea
(disordered breathing during sleep because of an upper airway obstruction) or central sleep apnea
(disordered breathing during sleep due to the brain not properly communicating with the muscles
that control your breathing)—results in sleep that does not feel particularly refreshing or
restorative; in other words, many individuals with sleep apnea face poor sleep quality. While all

6



of these sleep disorders (among others not mentioned in this paper) impact different facets of an
individual’s sleep, these disorders have the potential to disrupt an individual’s typical sleep-wake
cycle and thereby society’s defined “circadian” cycle (i.e., the norm that an individual sleeps at
night and is awake during the day). Furthermore, sleep disorders can reduce the time that an
individual stays asleep or influence them to sleep too long and result in overall decreased sleep

satisfaction.

1.1.2 Sleep Outcomes Post-Stroke

As previously mentioned, anywhere from 20% to 50% of stroke survivors experience post-
stroke sleep disturbances (Katzan et al., 2020b; Khot & Morgenstern, 2019); however, there is a
scarcity of research within the realm of sleep disorders in stroke patients. Stroke patients often
spend less time asleep, have reduced sleep efficiency (or, the percentage of time spent asleep while
the individual remains in bed), have reduced slow wave sleep, have increased wakefulness
throughout a night’s sleep, and have increased sleep latency (or, the amount of time that it takes a
person to fall asleep); furthermore, when sleep-disordered breathing is present, REM sleep is also
reduced in this patient population (Terzoudi et al., 2009). Certain sleep disorders are very prevalent
among stroke survivors; over half of stroke survivors endorsing post-stroke sleep disturbance
report insomnia and the estimated prevalence of obstructive sleep apnea after stroke is over 70%,
leading to outcomes such as excessive daytime sleepiness (Khot & Morgenstern, 2019).

Issues with sleep can persist long after initial acute stroke recovery (Khot & Morgenstern,
2019); however, these sleep issues are at their worst and initially present themselves when stroke
patients are in critical care and intensive care units, where patients of all diagnoses have been

7



found to be severely sleep deprived as a result of extremely fragmented and inconsistent sleep due
to the ICU environment and general psychological stress related to the patient’s environment and
medical acuity (Krachman et al., 1995; Weinhouse & Schwab, 2006). There is a need for strategies
to be developed in order to manage these symptoms, especially since the utilization of sedative
medication after stroke does not necessarily result in sleep quality improvement in stroke patients,
even resulting in a deterioration of sleep quality for some (Iddagoda et al., 2020). It can be posited
that sleep disruptions and disordered sleep in the early stages of recovery following stroke have
the potential to also obstruct the neurological healing processes necessary for recovery.

High quality sleep is associated with optimized cognitive performance for memory and
learning abilities (Deak & Stickgold, 2010), which are fundamental in supporting physical,
occupational, and speech and language treatment responses following stroke (Dignam et al., 2017;
Galski et al., 1993; Skidmore et al., 2010; Vallila-Rohter & Kiran, 2013). Studies that have
explored this possible relationship between sleep and rehabilitation outcomes have mainly focused
on physical recovery or changes in general stroke severity (Duss et al., 2017; Joa et al., 2017; Kim
et al., 2015; Siengsukon & Boyd, 2008; Wallace et al., 2012; Zunzunegui et al., 2011). Stroke
patients with untreated sleep disorders generally have been found to lack the motivation, energy,
and concentration necessary to participate in intensive rehabilitation therapy (Wallace et al., 2012),
yet investigations examining the relationship between sleep and acquired cognitive
communication disorders following stroke (such as aphasia) are minimal. As more research arises
exhibiting the important role of treating sleep for purposes of secondary stroke prevention (Khot
& Morgenstern, 2019) more investigations leveraging sleep as an intervenable mechanism to
support stroke recovery are needed, especially as it relates to the speech and language outcomes

of PWA.



One of the few studies investigating the relationship between sleep and post-stroke aphasia
completed night-time sleep polysomnography (a sleep study utilized to diagnose sleep disorders
through brain waves, blood oxygen level, eye and leg movements, and heart rate and breathing
during sleep) with 18 PWA (Greenberg & Dewan, 1969). The study found that PWA who
exhibited greater speech-language improvement spent significantly more time in REM sleep than
non-improving individuals. As aforementioned, REM sleep is hypothesized to play a role in non-
declarative and declarative memory success and consolidation, two processes that are important
for the acquisition and maintenance of speech and language skills during rehabilitative treatment.
Thus, this study’s findings exhibit the potential importance of REM sleep in the presence of
aphasia language treatment.

A second study by Sarasso et al. (2014) examined brain wave recordings in PWA using
electroencephalography (EEG) immediately the night before and the night after language
intervention. There were several major findings from this study including increased slow wave
activity throughout the night after Intensive Mouth Imitation and Talking for Aphasia Therapeutic
Effects (IMITATE) intervention (a computer-assisted aphasia intervention based on imitation of
words, phrases, and sentences), and a positive correlation between increased slow wave activity
intervention and increased scores on the Repetition Subtest of the Western Aphasia Battery
(Sarasso et al., 2014). This study offers an abbreviated window into the neural changes that may
occur while PWA engage in language therapy and establishes promising evidence associating
brain activity during sleep with treatment gains. Although both the Greenberg and Dewan (1969)
and the Sarasso et al. (2014) studies are useful in beginning to paint a picture of how sleep function
may contribute to post-stroke aphasia recovery, a gap in knowledge exists surrounding the

prevalence and characterization of sleep function in the post-stroke aphasia population.
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1.2 Depression: A Brief Overview

Depression is a term that encompasses a variety of diagnoses that are inclusive of
depressive symptomology but differentiated by duration, timing, and etiology; mood dysregulation
disorder, major depressive disorder, and persistent depressive disorder are all examples of
depressive disorder diagnoses that feature feelings of sadness, emptiness, and irritability, as well
as functional changes due to these feelings (American Psychiatric Association [APA], 2022).
Major depressive disorder is the focus of this study, as this diagnosis is representative of what is
typically referred to as depression. According to the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition, Text Revision (DSM-5 TR), diagnostic criteria for major depressive
disorder includes presence of five or more symptoms during the same two-week period, with at
least one of these symptoms being depressed mood or loss of interest or pleasure (APA, 2022).
Other symptoms listed in the DSM-5 TR include weight loss or weight gain, fatigue or loss of
energy, insomnia or sleeping too much, restlessness and/or being so slow that it is observable by
others, difficulty concentrating, feelings of worthlessness, and recurrent suicidal ideation;
symptoms result in distress and impairments in occupational, social, and other areas of day-to-day
function. It is important, when diagnosing major depressive disorder, to separate feelings of grief
or general sadness from major depressive disorder, as an episode of major depressive symptoms
are more persistent and not tied to any specific thoughts or events as compared to someone
experiencing grief or someone perceiving sadness as a part of the typical human experience; as
well as this, those experiencing grief tend to preserve their self-esteem, whereas those
experiencing major depressive disorder tend to have lower self-esteem characterized by feelings

of worthlessness (APA, 2022).
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1.2.1 Post-Stroke Depression

Along with sleep, depression is considered to be one of the most important
neuropsychiatric consequences of stroke, with approximately one-third of stroke survivors
experiencing major depression with the potential to impact their recovery and even cognitive
function (Alajbegovic et al., 2014; Hackett et al., 2005). Depression has the potential to develop
in the acute period following a stroke, but heightened depressive symptoms that are lengthier in
duration have the potential to develop in the months following stroke as well (Angelelli et al.,
2004; Gaete & Bogousslavsky, 2008). Despite these statistics and the implicated consequences of
depression on stroke recovery, approximately 80% of diagnoses of depression are missed by non-
psychiatric physicians in individuals post-stroke (House et al., 1989). A factor contributing to
missed diagnosis of post-stroke depression may be presence of aphasia (Gaete & Bogousslavsky,
2008).

Compared to the general stroke population, depressive symptoms have been found to occur
at a higher rate in PWA, although depression has been minimally addressed in aphasia
rehabilitation research (Pompon et al., 2022). It has been found that higher severity depression is
correlated to lesion proximity to the left anterior frontal pole, which is important to consider for
PWA, given that individuals with aphasia likely have left frontal lobe lesions or left temporal lobe
lesions (Alajbegovic et al., 2014; Robinson et al., 1984). It is extremely oversimplified to say that
aphasia itself causes depression, but because communication abilities are so intertwined with self-
identity, it should be highlighted that aphasia can facilitate depression due to potential social
isolation and lack of healthcare accessibility for PWA (Morrison, 2016). Presence of depression

along with diagnosis of aphasia post-stroke adversely affects stroke and aphasia outcomes in a
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number of ways: behaviorally, an individual with aphasia and depression may lack the motivation
to attend rehabilitative treatment; medically, an individual with aphasia may have a difficult time
attending psychotherapy due to overall language deficits (Laures-Gore et al., 2020). With aphasia
being one of the most misunderstood and unrecognized disorders among healthcare professionals
(including therapists, psychologists, and other healthcare professions centered around mental
health), it is very easy for the treatment of depression in PWA to be impacted by this
misunderstanding; specifically, many mental health professionals are not equipped to work with
PWA with expressive and/or receptive language deficits due to limited training in this area (Strong
& Randolph, 2021).

Despite the impact that depression clearly has on PWA, individuals with aphasia are often
excluded from studies exploring post-stroke depression, most likely due to troubles completing
the self-report questionnaires commonly used in post-stroke depression assessment procedures, a
trend that is also prevalent in much of the post-stroke research related to sleep (van Dijk et al.,
2016). It has been estimated that depression exists in up to 60% of adults with aphasia post-stroke,
but this remains only a rough estimate due to the frequent exclusion of PWA from studies exploring

post-stroke depression (Flowers et al., 2016; Kauhanen et al., 2000).

1.2.2 Sleep and Depression: A Bidirectional Relationship

Impaired sleep has been found to be both a risk factor and a symptom of depression (Steiger
& Pawlowski, 2019). As many of 90% of people with depression will have sleep quality
complaints; at the same time, two thirds of people undergoing a major depressive episode will
have difficulties initiating sleep, maintaining sleep, or have early-morning awakenings (Franzen

12



& Buysse, 2008). In their study, Franzen & Buysse (2008) studied the bidirectional relationship
between sleep and depression in healthy neurotypical adults. Although it is most commonly
believed that sleep quality deficits occur secondarily to depression, they found that sleep quality
strongly influenced both onset and trajectory of depression. Jaussent et al. (2011) helped to confirm
these findings, exhibiting that sleep disturbances often precede depression and that those who
present with sleep disturbance are more likely to have increased depression severity. In fact, it has
been found that individuals with insomnia are twice as likely to develop depression as compared
to individuals with no sleep difficulties; furthermore, individuals that exhibit insomnia that is
comorbid with depression are more likely to remain depressed, even with depression treatment
being administered (Anderson & Bradley, 2013). Overall, their findings combined suggest that
interventions targeting sleep quality could be useful in treating symptoms of depression, as sleep
is not just a comorbidity of depression—it is also a prodromal symptom whose treatment can
predict the outcome and even occurrence of depression (Fang et al., 2019).

This bidirectional relationship between sleep and depression directly applies to the post-
stroke aphasia population due to the approximated prevalence of both sleep disturbances and
disorders and depression following stroke. It is important to explore depression and sleep
dysfunction together for PWA, as depression and sleep dysfunction often support or exacerbate
one another, leading to poorer outcomes for those who experience them together. Exposing the
relationships that may exist between sleep and depression in PWA can elucidate the impact that
these factors have on the population of individuals with post-stroke aphasia so that aphasia
rehabilitation can be advanced to include depression and sleep as aspects needing to be managed

to conduct successful speech and language treatment.
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1.2.3 Post-Stroke Fatigue

Sleepiness and fatigue are terms that are interrelated and often utilized interchangeably.
However, sleepiness and fatigue are two distinct phenomena: while sleepiness normally requires
quality sleep for recovery, fatigue instead requires physical and/or psychological rest in order to
recover. The concept of fatigue is directly related to the category of systemic conditions impacting
the entirety of the body as a whole, which is a category that is inclusive of major depression (Neu
et al., 2011). Fatigue can be a result of medical or psychiatric illnesses, but also related to lifestyle
and situational factors, such as experiencing an increase of stress (Jason et al., 2010). Two types
of fatigue can manifest: nonpathological fatigue, lasting fewer than three months with an
identifiable cause; or pathological fatigue, with greater intensity, duration, and impact to quality
of life. It is much more difficult to diagnosis fatigue versus a sleep disorder, resulting in overall
less evidence to guide diagnostic practices; this is because while sleep dysfunction can be
measured objectively with very specific diagnostic criteria, fatigue is a much more subjective
phenomena with a looser overall definition (Jason et al., 2010).

Similar to depression and sleep dysfunction, post-stroke fatigue is a common and multi-
factorial syndrome of stroke that has a paucity of research, characterized by a poorly understood
pathophysiology and a capability to greatly reduce quality of life (Acciarresi et al., 2014). Notably
PWA are underrepresented in the literature revolving around post-stroke fatigue, despite the fact
that someone who has experienced a stroke will likely experience more day-to-day fatigue (Riley
et al., 2021). Speech-language pathologists frequently observe signs of fatigue in their patients
with aphasia during speech-language therapy, but it is unknown if fatigue has an impact on speech-

language treatment and rehabilitation (Riley, 2017). With fatigue being one of the symptoms of
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depression, the two issues are interconnected; Snaphaan et al. (2011) found that higher post-stroke
depressive symptoms correlated to increased risk of post-stroke fatigue, suggesting that fatigue in
the post-stroke population can be described as more of a mental fatigue, rather than a physical
fatigue. Given the chronic nature of aphasia, the mental distress of not getting enough sleep, and
the symptomology of depression, it is important to consider fatigue as a contributing factor while
examining the relationship between sleep dysfunction and depression in individuals with post-

stroke aphasia.

1.3 Self-Report Measures of Sleep and Depression

1.3.1 Patient Reported Outcome Measurement Information System (PROMIS)

Sleep quality can be defined as “how well one sleeps” (What Is Sleep Quality?, 2020) and
is often gauged by subjectively asking an individual to reflect on how rested they feel or how deep
they believe that they slept. Sleep function can also be quantified by measuring duration of sleep
(Suni & Singh, 2021), the amount of time that lapses between going to bed and falling asleep (sleep
latency), or the number of times awake per night. There are several methods that can be utilized to
measure sleep function, some approaches gathering objective information while others focus on
subjective reports. Objective methods for measuring sleep function include functional imaging,
actigraphy, and electrophysiology.

The current “gold standard” of objectively measuring sleep function is electrophysiology,

which includes polysomnography, also colloquially known as a sleep study (Buysse et al., 2010).
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Polysomnography  (PSG)  requires  simultaneous  electroencephalography  (EEG),
electrooculography (EOG), and electromyography (EMG, with nodes particularly placed on the
chin and floor of mouth muscles) during waking hours in order to establish a baseline and then
over the course of a night’s sleep. EEG, EOG, and EMG all contribute to the process of sleep
staging, or labeling what stage of sleep an individual is in at a given time throughout the night.
Clearly, PSG (while the gold standard) requires specific equipment, trained technicians, and
facilities to be implemented properly; these factors serve as obstacles for application of PSG in
clinical and research settings. Furthermore, it can be posited that the equipment utilized to measure
sleep via PSG may cause general discomfort for patients undergoing the study, even though PSG
attempts to replicate the individual’s natural sleep environment.

Reliable and valid self-reported measures of sleep function are necessary because they
offer the potential to measure sleep function, quality, and disturbances regardless of setting and
resources. While it is hard to capture such a complex process as sleep in a questionnaire, validated
and reliable sleep questionnaires are practical and viable substitutes for gold-standard objective
sleep function measures across clinical and research contexts. Of interest to this study, the Patient
Reported Outcomes Measurement Information System (PROMIS) banks offer multiple
established sleep-related scales that have been used successfully with several clinical populations,
including post-stroke patients (Buysse et al., 2010).

The PROMIS Sleep Disturbance (SD), Sleep-Related Impairments (SRI), and Fatigue were
developed as part of a National Institute of Health consortium. The PROMIS-SD measures specific
self-reported symptoms of disrupted sleep quality; for instance, the PROMIS-SD asks questions
regarding the various ways in which sleep can be disturbed. The PROMIS-SRI captures the

consequences of sleep disturbance by asking questions about difficulties experienced during wake
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as a result of disrupted sleep; for instance, the PROMIS-SRI may ask test-takers to rate their
difficulty focusing due to disturbed sleep. The PROMIS-Fatigue examines a separate but related
scope of subjective feelings, from feelings of tiredness to debilitating and sustained exhaustion; it
seeks to measure the impact that these subjective feelings have on an individual’s physical, mental,
and social well-being.

The PROMIS-SD and SRI were specifically constructed as computerized, adaptive, and
self-report questionnaires that target key health-outcome domains affecting a multitude of patient
populations. The PROMIS scoring falls on the T-scale (u=50, 6=10) and is standardized to the
general United States adult population (Katzan et al., 2020a), with a larger score signifying more
difficulty with the symptoms of interest. Grounded in item response theory, these PROMIS sub-
questionnaires are psychometrically sound and have been used with several patient cohorts, such
as cancer survivors (Jensen et al., 2017), health adolescents (Hanish et al., 2017), older adults in
independent and continuing care communities (Full et al., 2019), adults and children with atopic
dermatitis (Fishbein et al., 2020; Lei et al., 2020), individuals with idiopathic Parkinson’s Disease
(Jones et al., 2021), and—most importantly to the current study—the post-stroke population
(Katzan et al., 2020a). While the PROMIS-SD and PROMIS-SRI are self-report questionnaires,
short forms exist in order to decrease the administration time, especially in clinical contexts. Yu
et al. (2011) found that the full PROMIS-SD and PROMIS-SRI item banks offered the greatest
test information. However, the corresponding short forms correlated significantly with the full item
banks, displaying that the long and short forms both adequately measure sleep disturbance and
sleep-related impairment domains and exhibit acceptable reliability and validity (Yu et al., 2011).

This is important to note because one participant group in the current study was administered the
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PROMIS-SD Short Form 8a, whereas the other participant group was administered the PROMIS-
SD in full.

The PROMIS-Fatigue has also been utilized with diverse chronic conditions, such as
chronic obstructive pulmonary disease, back pain, heart failure, major depressive disorder,
rheumatoid arthritis, and cancer (Cella et al., 2016); as the participants in this study decreased in
fatigue, their PROMIS scores decreased as such, reflecting the ability of the PROMIS-Fatigue to
adapt based on fatigue levels of the participant. Most notably, the PROMIS-Fatigue has been
utilized successfully alongside the PROMIS-SD in Katzan et al.’s (2020b) study in which factors
associated with the presence of sleep disturbance were analyzed in a large cohort of participants
following stroke; participants who scored worse on the PROMIS-SD scale also scored worse for
related health domains, including higher scores on measures of depression and on the PROMIS-
Fatigue scale.

By administering the PROMIS-SD, SRI, and Fatigue to a sample of PWA, it can be
determined whether or not these self-reported measures of sleep can be feasibly implemented to
measure a PWA’s level of sleep dysfunction, day-to-day impairment due to sleep dysfunction, and
fatigue. This is one of the first studies administering these self-report measures in full to the
population of individuals with aphasia post-stroke, and the results will help to establish a building
block in this understudied domain among aphasia research by providing preliminary data related
to feasibility of these sleep questionnaires as well as anecdotal feedback provided by PWA
themselves. Assessing the clinical utility of existing tools measuring sleep function among the
post-stroke aphasia population can shed light on the factors that moderate aphasia and its

rehabilitation.
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1.3.2 Patient Health Questionnaire — 8 (PHQ-8)

The Patient Health Questionnaire — 8 (PHQ-8) is a self-report screening tool for mental
health disorders that asks patients to rank eight different items in accordance to being “not at all”
true, true “several days,” true “more than half the days,” or true “nearly every day.” While the
PHQ-8 has not specifically been validated on individuals with aphasia following a stroke, it is a
valid and well-established screening tool that has been utilized successfully with this cohort in
previous studies (Barrett et al., 2022; Pompon et al., 2022). To speak to its validity as a depression
instrument, Kroenke et al. (2009) sought to assess the PHQ-8 ad its feasibility among a large
population-based study, where 198,678 participants comprised of both healthy normals and those
experiencing a variety of health conditions were administered the PHQ-8; this study highlighted
and confirmed that the PHQ-8 is a valid measure of depression severity, which can be utilized
clinically as a diagnostic tool (Kroenke et al., 2009).

Most established questionnaires that gather information about depression from PWA are
completed by caregiver-proxy report (see the Stroke Aphasic Depression Questionnaire; see the
Aphasia Depression Scale). Because the goals of this study are focused on independent self-report,
these measures of depression will not be used.

By comparing responses on the PHQ-8 to responses on the PROMIS-SD, PROMIS-SRI,
and PROMIS-Fatigue, preliminary correlational data can be highlighted that elucidates the
bidirectional relationship between sleep and depression that is proposed by this study to exist in

PWA.
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1.4 Experimental Questions and Hypotheses

While the PROMIS Sleep Disturbance, Sleep Related Impairment, and Fatigue have been
successfully administered to individuals’ post-stroke in order to illuminate the high prevalence and
impact of sleep dysfunction following stroke, these previous studies have omitted PWA due to
language hinderances. Furthermore, due to the bidirectional relationship between sleep
dysfunction and depression, it can be posited that PWA who self-report sleep disturbances, sleep-
related impairments, and fatigue on the PROMIS Sleep and Fatigue questionnaires will likely self-
report depressive symptoms when administered the PHQ-8, which is designed to measure
clinically depressive symptoms. By comparing responses on the PHQ-8 to responses on the
PROMIS, the theorized correlation between sleep and mental health in PWA can be highlighted,
when other variables of interest are held constant. This has the potential to advance the field’s
knowledge about how PWA’s self-perceptions, mental well-being, and current communicative
function can affect their ability to respond to speech therapy interventions, so that healthcare
professionals (such as speech-language pathologists) can consider more holistic approaches to
intervention.

The research questions posed in the current study are listed below:

(1) (Aim 1): Building upon data presented in Hunting Pompon & Cohen (2018), what is
the association between self-reported sleep disturbance and self-reported depression
symptoms while accounting for demographic, stroke, and language variables?

(2) (Aim 2): What preliminary relationships emerge when examining self-reported sleep
disturbance, sleep related impairment, fatigue, and depression in individuals with post-

stroke aphasia?
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It was hypothesized that PWA self-reporting worse sleep disturbance would also self-report worse
depression symptoms, given the known bidirectional relationship that exists between sleep and
depression. Furthermore, it was hypothesized that there will be a significant (r >0.50) positive
correlation between depressive symptoms and fatigue, due to major depression being a major
indicator of higher levels of fatigue. There will also be a significant (r >0.50) positive correlation
between depression symptoms and sleep disturbance—again, due to the bidirectional sleep and
depression relationship.

While not a specific aim of this study, preliminary evidence regarding the feasibility of the
PROMIS Sleep Disturbance, Sleep Related Impairment, and Fatigue will be explored with
anecdotal feedback collected via feasibility questionnaires and a summary of the average levels of

support necessary across PROMIS Sleep and Fatigue questionnaires.
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2.0 Methods

2.1 Participants

This study includes two separate participant groups contributing to different aims. The first
participant group was utilized to measure Aim 1 and consisted of 72 PWA recruited from either
the Veterans Administration Health Care System — Puget Sound or the Northwest Aphasia Registry
and Repository; this data was collected by Dr. Rebecca Hunting Pompon from September 2016
through March 2017. The second participation group was utilized to measure Aim 2 and consisted
of seven PWA recruited via advertisement flyers posted at and around the University of Pittsburgh
and email communication. All study sessions for this second participation group occurred over
Zoom within the Pittsburgh Translational Aphasia Research Initiative (PTARI) lab space at the
University of Pittsburgh. The University of Pittsburgh IRB approved data collection for this study.

For Aim 2 and goals related to feasibility, specifically, an a priori power analysis was
conducted using the “pwr” package in R studio (Acciarresi et al., 2014). Champely et al. (2020)
for sample size estimation, based on data from Katzan et al. (2020a) (n = 2,190), which associated
scores on the PROMIS-SD with various demographic and health variables in a post-stroke sample.
With a significance criterion of a =0.05, r= 0.75, and power = 0.80, the minimum sample size
needed with this effect size was n=11 for Pearson correlation. Thus, given the number of

participants collected for Aim 2, data presented for this aim is only preliminary.
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2.1.1 Study Inclusion Criteria

Aim 1 participants met the following criteria: absence of degenerative neurological disease,
dementia, psychiatric disorders, substance abuse, diffuse brain injury or disease, pregnancy, or
adrenocortical dysfunction. All participants included were at least one-year post-stroke and were
clinically diagnosed with aphasia; PWA with apraxia of speech were also included in the study.

Aim 2 participants met the following criteria: at least 18 years of age or older, use of
English as their primary language, access to reliable internet and a webcam if opting to participate
in the study virtually, and no presence of any other neurological deficits other than stroke (such as
degenerative neurological disease, dementia, diffuse brain injury, or brain disease). All included
participants included a clinical diagnosis of post-stroke aphasia by a licensed speech-language

pathologist.

2.2 Procedures

2.2.1 Aim 1 Preliminary Procedures

Following screening measures to ensure inclusion in the study as well as the consent
process, the 72 participants for Study Aim 1 completed the comprehension subtests (spoken and
written language) of the Comprehensive Aphasia Test (CAT) in order to establish a clear picture
of each participant’s strengths and weaknesses across language comprehension domains, as well

as to measure aphasia severity.
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2.2.2 Aim 2 Preliminary Procedures

The seven participants of Aim 2 participated in studies virtually utilizing Zoom. After the
consenting process was complete, participants completed a demographic questionnaire in order to
provide screening information related to their stroke, clinical aphasia diagnosis, medications, any
mental health or sleep clinical diagnoses, and prior speech-language pathology treatment. The
demographic questionnaire was completed through Zoom’s screen-sharing feature; the
investigator shared the questionnaire and highlighted each question as it was being answered.
These demographic questions are listed in Table 1. Participants then completed the comprehension
and naming subtests of the CAT, in order to estimate overall aphasia severity and calculate
modality T-Scores. This was also completed via Zoom’s screen-sharing feature, utilizing an
adapted version of the CAT in order for virtual presentation. Only CAT comprehension and
naming subtests were used (with measures of repetition and writing being excluded) in order to
examine the language skills that were most applicable to answering self-report questionnaires
(skills such as selecting a labeled answer choice, comprehension of each statement).

Table 1. Demographic Questionnaire Items.

Question

Age

Biological Sex

Primary Language

Race and ethnicity

Highest education level completed

Work status

Do you usually use glasses to read or see?

Do you usually use hearing aids to hear?

©| O N| o O | W[ N | FHF

Approximate date of stroke
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10 | Are you right or left-handed?

11 | Have you ever been diagnosed with a neurological deficit other than stroke?

12 | Have you ever been diagnosed with aphasia by a licensed SLP?

13 | Have you ever received speech-language pathology services/treatment?

14 | Have you ever been clinically diagnosed with depression?

If yes, please elaborate (date/diagnosis)

15 | Have you ever been clinically diagnosed with a sleep disorder?

If yes, please elaborate (date/diagnosis)

16 | Please list all medications actively taking.

2.2.3 Aim 1 Sleep and Depression Tasks

The 72 participants of Aim 1 were administered a wider range of self-report measures,
including those related to stress and resilience; however, of interest to the current study, these
participants were also administered the PHQ-8 and the PROMIS-SD Short Form 8a in order to

answer questions related to depression and sleep disturbance.

2.2.4 Aim 2 Sleep and Depression Tasks

The seven participants of Aim 2 were administered the full PROMIS-SD (27 questions),
PROMIS-SRI (16 questions), and PROMIS-Fatigue (95 questions) self-report questionnaires,
along with the PHQ-8 (8 questions). Completion of these questionnaires outside of preliminary
measures took approximately 60 minutes for each participant, with the PROMIS-Fatigue requiring
the most amount of time for administration due to its longer length. According to guidance by

HealthMeasures (www.healthmeasures.net), a measurement resource developed by the National
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Institute of Health (NIH) in order to curate and distribute quality of life measures such as the
PROMIS, modifications that can be made to the PROMIS without disrupting established validity
and reliability include underlining, italicizing, and bolding of words, as well presenting the self-
report items in a grid-like format, such as via a PowerPoint presentation. Thus, questions and
statements for each of the questionnaires were presented via PowerPoint, with key words and
phrases underlined and bolded within each sentence. The investigator shared their screen via Zoom
with the participant and asked for confirmation of being able to see the shared screen. Instructions
for each questionnaire and all questions or statements were presented verbally by the investigator.
As well as this, the investigator provided directions regarding the ranking scale, indicating which
number on the scale corresponded to a severity selection (e.g., 1 = not at all to 5 = very much).
Each test bank item was presented on its own PowerPoint Slide. This, along with the bolding and
underlining of key phrases, was done in order to aid the language comprehension of each
participant, due to potential difficulties given aphasia diagnosis. Questionnaires were presented in

a randomized order per participant in order to combat order biases.

2.2.4.1 Feasibility Hierarchy and Questionnaire

On each of the above measures utilized to self-report sleep and depression, the
Communicative Support Hierarchy and Independence Rating Scale created by Tucker, Edwards,
Mathews, Baum, and Connor (2012) was utilized in order to establish a standardized method of
providing support to each participant when answering self-report questionnaires. The hierarchy is
composed of five steps and ensures that a consistent approach to the level of support, prompting,
cueing, and repetition was utilized for each question in order to aid PWA in overall comprehension

of each question, as necessary (Tucker et al., 2012). Each test bank item was verbally presented to
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the participant; then, as necessary, the steps of the Communicative Support Hierarchy were
utilized. For example, if an individual exhibited difficulty in comprehending the question, the
investigator began by repeating the question-and-answer choices; if more support was then deemed
necessary by the investigator, the question was simplified and restated, and so on based upon the
level of support necessary. The final step of the hierarchy includes moving onto the next question,
if an answer is unable to be reliably selected by the participant. The steps of providing support are
listed below in Table 2.

The Independence Rating Scale is a seven point rating scale that allows the examiner to
rate the level of support that each participant needed during administration of each assessment,
indicating the average level of support needed per subtest (Tucker et al., 2012). This is a subjective
rating based upon the average level of support necessary as evidenced by the Communicative
Support Hierarchy. For example, if someone primarily benefitted from repetition of question and
answer choices (step 1 of the hierarchy), then their independent level would be deemed to be a six

out of seven. The Independence Rating Scale is listed below in Table 3.

Table 2. Communicative Support Hierarchy, based on Tucker et al. (2012).

Step
#
1 Repeat the question and choices
2 Simplify and restate the question, reviewing the choice scale once again

Re-explain the entire choice scale (e.g., “If you choose ‘Quite a bit.” This

3 means that in the past seven days, you have had a difficult time falling

asleep”). Then, repeat the re-stated question

Combine a yes-no question with the scale (e.g., “Do you feel lousy quite

a bit of a time? Yes, or no?”).

5 Move onto the next question.

Level of Support
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Table 3. Independence Rating Scale, based on Tucker et al. (2012).

Rating of Support Needed
Does not produce response with maximal support
Maximal support necessary in order to answer the question
Combined yes-no question with the scale necessary
Re-explanation of the entire choice scale necessary
Simplification and restatement of question necessary
Repetition of question and choices needed
Responds to the question with no need for additional support

N[OOI WIN | H

Following the administration of each self-report questionnaire, participants were also asked
feasibility related questions, where they provided open-ended feedback, rated their difficulty
completing each subtest, rated the instructions of each subtest, and rated how well each subtest
described their overall feelings. Each feasibility questionnaire was also shared via Zoom’s screen-
sharing function. The questions related on the Feasibility Questionnaire Forms are listed in

Appendix A.

2.3 Analysis

To address Aim 1, a multiple linear regression model was utilized, predicting the dependent
variable PHQ-8 score from several independent variables: age, education, months post-onset, CAT
comprehension score, and the short (8a) form of the PROMIS-SD. By using a multiple linear
regression model, the best fit line between multiple independent variables and a dependent variable
was determined in order to find the optimal values of the intercept and coefficients to minimize

error, or misrepresentations of the data that was be explored. The CAT comprehension score,
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PROMIS-SD, and PHQ-8 scores for each participant were transformed into Z-scores so that these
scores could be measured on the same scale.

To address Aim 2, a Pearson Correlation Matrix was created in order to measure linear
relationships between two different variables. A Pearson Correlation ranges from -1 to 1 and serves
as an indication of strength of a relationship between the variables being examined. A coefficient
between 0 and 1 suggests a positive correlation, where one variable changes and the other variable
changes in the same direction. A correlation of 0 suggests absolutely no relationship between the
variables being examined; as well as this, positive correlation values that are closer to 0 are
considerably less strong than those closer to 1. A correlation between -1 and O represents a negative
correlation, where one variable changes and the other variable changes in the opposite direction.
By using Pearson Correlations, associations between PROMIS sub-test scores and PHQ-8 scores

will be explored.
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3.0 Results

In the following sections, descriptive and statistical findings are presented for the purpose
of describing the findings related to Aims 1 and 2. All analyses were executed using R statistical

programming software (R Core Team, 2021).

3.1 Aim 1: Association Between Self-Reported Sleep Disturbance and Self-Reported

Depression

Aim 1 focused on exploring the association between self-reported sleep disturbance and
self-reported depression symptoms while accounting for demographic, stroke, and language
variables of interest. This aim extends previous work of Hunting-Pompon, and analyses were
therefore conducted using the pre-existing sample of (n = 72) individuals with post-stroke aphasia.
The means, medians, standard deviations (SD), minimum, and maximum values of this sample’s
continuous variables (age in years, education in years, time post-onset (TPO) in months, CAT
Comprehension Score, PROMIS-SD Form 8a Score, and PHQ-8 Score) are summarized in Table
4. Distributions of these variables are displayed in Figure 1. Additionally, categorial variables of

interest (handedness, race, and sex) are visualized in Figure 2.
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Table 4. Aim 1 Summary Statistics

Mean SD Min Max Median
Age (years) 64.5 10.91 33 84 65
Education (years) 16.2 3.16 12 26 16
TPO (months) 81.1 54 12 228 66.5
CAT
99.89 18.65 33 126 103
(Out of 128)
PROMIS-SD 8a
16.92 6.83 8 37 16
(Out of 40)
PHQ-8
5.92 3.52 0 17 6
(Out of 24)
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Figure 1. Aim 1 sample distributions across continuous variables of interest: (A) age (in years);
(B) education (in years); (C) time post onset (in months); (D) CAT comprehension scores; (E)
PHQ-8 scores; (F) PROMIS-SD scores.
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Figure 2. Aim 1 sample summary of categorial variables of interest: (A) sex; (B) race; and (C)

handedness (post-stroke).

The multiple linear regression model predicting z-score transformed PHQ-8 values from

age (years), education (years), months post-onset, z-scored CAT comprehension, and z-scored

PROMIS-SD reached statistical significance [R? = 0.265, F = 4.735 (df: 5, 66), p<0.001). Table 5

displays model coefficients, standard error values, t-values, and p-values.
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Table 5. Multiple linear regression model coefficients, standard error values, t-values, and p-

values
Estimate Standard Error t-value p-value
Intercept 1.57 0.75 2.10 0.04
Age (Years) -0.017 0.01 -1.63 0.11
Education (Years) -0.013 0.036 -0.36 0.72
TPO (months) -0.004 0.002 -1.71 0.09
Z-score CAT -0.15 0.11 -1.37 0.17
Z-score PROMIS-SD 0.49 0.11 4.46 3.26e-05

Overall, the following variables included in this model did not reach statistical significance:
age (years), education (years), time post-onset (months), and z-scored CAT comprehensions cores.
Relationships between these insignificant predictors and the outcome variable, PHQ-8 score, are
displayed in Figure 3. Notably, all non-significant predictors had weak negative relationships with
the dependent variable (z-scored PHQ-8). Ultimately, the only significant predictor of depression
symptoms in the model was z-scored PROMIS-SD values (see Figure 4). Specifically, a
meaningful positive association between PROMIS-SD and PHQ-8 scores was discovered, such
that participants with aphasia who self-reported worse sleep disturbance were more likely to also

self-report worse depression symptoms.
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Figure 3. Relationships between non-significant predictors (A: age; B: education; C: TPO; D:

CAT comprehension score) and the dependent variable (PHQ-8 scores).
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Relationship Between PROMIS SD and PHQ8 Scores
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Figure 4. Relationship between the sole significant predictor (PROMIS-SD score) and the

dependent variable (PHQ-8 score)

3.2 Aim 2: Correlations Between Self-Reported Sleep Disturbance, Sleep Related

Impairments, Fatigue, and Depression

Aim 2 focused on examining relationships between self-reported sleep disturbance, sleep
related impairments, fatigue, and depressive symptoms in a preliminary and exploratory fashion.
This aim offers novel insights to the field of post-stroke aphasia using a recent sample (n = 7) of
individuals with chronic post-stroke aphasia. Of note, data collection is ongoing, and the findings
reported here are likely to change with the inclusion of more participants. The means, medians,
standard deviations, minimum, and maximum values of this sample’s continuous variables (age in

years, education in years, time post-onset in months, CAT Comprehension and Naming Scores,
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PROMIS-Fatigue score, PROMIS-SD score, PROMIS-SRI score, and PHQ-8 score) are
summarized in Table 6. Additionally, given the small sample size, individual descriptive data for
each of the seven participants are listed in Table 7. CAT Severity Score was yielded by averaging

the t-scores of the CAT Spoken Language, Written Language, and Naming domains.

Table 6. Aim 2 Summary Statistics (Note: CAT scores reported across domains are t-scores. A

score equal to 50 is the average t-score for the sample of PWA that this measure was normed on)

Mean SD Min Max Median
CAT_ Spoken Language 4929 642 41 55 54
CAT- Written Language 55.86 8.86 44 68 56
CAT- Naming 61 9 47 72 63
CAT- Severity 55.38 7.79 44 64.67 57.67
PROMIS-SD 54.9 15.7 36 81 56
(Out of 135)
PROMIS-SRI 28.9 8.73 18 41 30
(Out of 80)
PROMIS-Fatigue 187 46.9 149 269 171
(Out of 475)
PHQ-8 10.3 4.92 3 19 11
(Out of 24)
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Table 7. Individual Descriptive Data

Diagnosis Diagnosis . PROMIS- PROMIS- PROMIS-
Age Education TPO CAT . PHQ-8
# of of Sleep Sex Race . SD SRI Fatigue
(Years) . . (Years) (months) Severity (max = 24)
Depression Disorder (max =135) | (max=80) | (max =475)
002 62 N N 18 75.5 M White 44 56 38 269 12
N N Native
003 56 18 314.7 F i 60 36 18 150 7
American
004 67 Y N 18 75.8 F White 64.7 68 20 171 11
005 46 N N 16 108.2 F Indian 57.7 44 30 149 19
006 46 N N 16 161.8 F Black 62.3 56 31 159 11
007 65 Y N 14 395.3 M White 51 81 41 236 9
008 41 Y N 16 2237 M White 48 43 24 173 3

Multiple Pearson correlation coefficients were calculated to assess the linear relationships
between variables of interest: (1) PROMIS-SD and PHQ-8 Z-scores, (2) PROMIS-SRI and PHQ-
8 Z-scores, (3) PROMIS-Fatigue and PHQ-8 Z-scores, (4) PROMIS-Fatigue and PROMIS-SD Z-
scores, (5) PROMIS-Fatigue and PROMIS-SRI Z-scores, and (6) PROMIS-SD and PROMIS-SRI
Z-scores. Preliminary correlations between these variables can be viewed in Table 8. There was a
weak correlation between PROMIS-SD and PHQ-8 (r = 0.07) and a weak negative correlation
between PROMIS-Fatigue and PHQ-8 (r = 0.04). A modest positive correlation emerged between
PROMIS-SRI and PHQ-8 (r = 0.30). There were strong (r > 0.50) positive correlations between
PROMIS-Fatigue and PROMIS-SD (r = 0.55), PROMIS-Fatigue and PROMIS-SRI (r = 0.76),
and PROMIS-SD and PROMIS-SRI (r = 0.57). Specifically, individuals with higher self-reported
fatigue also reported higher sleep disturbance and sleep-related impairment. Additionally,
individuals with higher self-reported sleep disturbance also indicated experiencing higher sleep-

related impairments.
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Table 8. Preliminary Correlations between the PROMIS-SD, PROMIS-SRI, PROMIS-Fatigue,

and PHQ-8
PROMIS-Fatigue PROMIS-SD PROMIS-SRI PHQ-8
PROMIS-Fatigue 1.00 0.55 0.76 -0.04
PROMIS-SD 0.55 1.00 0.57 0.07
PROMIS-SRI 0.76 0.57 1.00 0.30
PHQ-8 -0.04 0.07 0.30 1.00

3.2.1 Feasibility

While not a specific aim of this study, preliminary information regarding feasibility of the
PROMIS Sleep and Fatigue test banks can be explored through summarization of responses to the
feasibility questionnaires as well as through examination of levels of support necessary via the
Communicative Support Hierarchy. Of note, data collection is ongoing, and the findings reported
here are likely to change with the inclusion of more participants. Responses to the feasibility
questionnaires are mainly anecdotal and will be discussed in greater detail in the discussion
section; the average levels of support necessary via the Communicative Support Hierarchy are
summarized in Table 9. The results exhibit that a very low level of support was necessary on

average across participants on each of the four self-report questionnaires.
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Table 9. Summary of Average Level of Support Necessary by Test Bank (Tucker et al. 2012)

Test Average Level of Support Necessary
PROMIS-SD 0.0529
PROMIS-SRI 0.0625
PROMIS-Fatigue 0.0376
PHQ-8 0.3571
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4.0 Discussion

This study aimed to investigate two main questions. The first aim was to determine the
association between self-reported sleep disturbance and self-reported depression symptoms while
accounting for demographic, stroke, and language variables that may also impact depression
severity. This aim builds upon previous research (Pompon & Cohen 2018) and was addressed
utilizing pre-existing data collected from 72 PWA. In the present study, the only statistically
significant and meaningful predictor of PHQ-8 responses in the multiple regression model was
PROMIS-SD Short Form 8a responses. Specifically, the positive coefficient value suggests that
higher PROMIS-SD scores (and therefore, greater sleep dysfunction) were associated with higher
PHQ-8 scores (and therefore, greater depressive symptoms). The remaining variables (age in years,
time post-onset in months, education in years, and CAT comprehension scores) were not
statistically significant and did not display a meaningful relationship with the dependent variable,
PHQ-8 score. While the results suggested these coefficient values were not statistically significant,
consideration of the weak negative correlations may be of value.

The second aim was to explore preliminary relationships among self-reported sleep
disturbance, sleep related impairment, fatigue, and depression in individuals with chronic post-
stroke aphasia. This aim was addressed utilizing data collected recently from seven PWA. The
sample size used to address the second aim is small and results are preliminary; specifically, early
exploration revealed positive correlations between self-reported sleep disturbance and depression
(though modest), self-reported sleep related impairment and depression, self-reported fatigue and
sleep disturbance, self-reported fatigue and sleep related impairment, and self-reported sleep
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disturbance and sleep related impairment. There was a weak negative correlation found between
self-reported fatigue and depression.

Finally, while not considered a specific aim of the study and not statistically analyzed in
the results section, it is important to discuss preliminary evidence related to feasibility of using the
PROMIS Sleep and Fatigue banks with PWA. Evidence regarding this discussion topic is
anecdotal, drawn from the feasibility questionnaires given to the seven PWA who participated in
this study, and based upon independence and support hierarchy created by Tucker et al., (2012).
Overall, it appears that the PROMIS-SD, PROMIS-SRI, and PROMIS-Fatigue were feasible
measures of sleep disturbance, sleep related impairments, and fatigue for the individuals with
aphasia included in the study sample. Additional interpretations of Aim 1 and 2 results and

PROMIS bank feasibility are provided below.

4.1 Aim 1: The association between self-reported sleep disturbance and self-reported

depression symptoms

It was hypothesized that PWA self-reporting worse sleep disturbance would also self-report
greater depression symptoms. Given the results of Aim 1, this hypothesis was confirmed, as the
only significant predictor of depression in the multiple regression model was PROMIS-SD Short
Form 8a. Notably, the model coefficient suggests that for each one z-score unit increase in
PROMIS-SD score, the PHQ-8 z-score increased by 0.49 units. The explanation for this result is
rooted in the known bidirectional relationship between sleep and depression; poor sleep quality is

a potential predictive factor of depressive symptoms (and vice-versa). Therefore, it is unsurprising
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that scores indicative of worse sleep disturbance on the PROMIS-SD Short Form 8a are associated
within scores indicative of worse depression symptoms on the PHQ-8.

It was also found that there were several factors that did not result in statistically significant
relationships when predicting PHQ-8 scores: time post-onset in months, age in years, education in
years, and CAT comprehensions scores. It was interesting to note that these factors did not play a
significant role in PHQ-8 scores, as they each reasonably could be related to depression severity.
Notably, when examining the sample distribution for these variables, CAT language
comprehension scores of the sample appeared to be left-skewed suggesting lower severity;
furthermore, sample distribution for time post-onset of stroke in months exhibited a mean of 81
months post-stroke, which is over six years following stroke. Considering this, it is possible that
individuals with greater language deficits may self-report greater feelings of depression, consistent
with the (statistically insignificant) negative model coefficient. Furthermore, it can be posited that
individuals with post-stroke aphasia who are several years post-onset may be better equipped to
understand and manage their stroke and related disorders, resulting in lower presence of depressive
symptoms as compared to someone who was recently diagnosed with aphasia following stroke.

There was one participant in particular within this data set that self-reported a raw score of
37 (out of a possible 40 points) on the PROMIS-SD Short Form 8a. This score is relatively high
(therefore, indicating greater sleep disturbance) compared to their peers. In fact, the second highest
PROMIS-SD Short Form 8a score was a 31. Other information regarding this participant includes
as follows: 139 months (11.5 years) post-stroke onset, 19 years of education, 63 years of age, a
raw CAT comprehension score of 102 (out of a possible 128; when z-scored, this score fell right
around the sample mean at 0.11) and a raw PHQ-8 score of 6 (out of a possible 24; when z-scored,

this is slightly above the sample mean). With analysis of these specific values, a robust positive
43



relationship displaying PROMIS-SD Short Form 8a scores as a predictor of PHQ-8 scores was not
established, contrary to the overall results of this aim. This lack of relationship suggests that sleep
disturbance can occur in absence of depression in the post-stroke aphasia population, which
inspires interesting questions such as what might sleep disturbance in this particular individual
with stable, chronic, post-stroke aphasia be impacting, if anything?

While there is a known bidirectional relationship between depression and sleep, there are
many factors other than depression that can contribute to sleep disturbances as well, especially
when one does not exhibit clinically diagnosed major depression, but instead, a milder depression
characterized by inconsistent minor depressive symptoms lasting for less than two weeks or
occurring irregularly. Stress or anxiety levels at the time of the study could also be separate and
contributing factors impacting sleep length, amount and quality. With great intensity, anxiety and
stress can constitute their own mental health disorder (e.g., generalized anxiety disorder).
Measures of stress and anxiety were collected by Pompon and Cohen (2018); however, they were
not factored into this study’s analyses for Aim 1. A future direction could include exploring how
the influence of PROMIS-SD short form scores on PHQ-8 scores changes when measures of stress

and anxiety are also included.

4.2 Aim 2: Preliminary relationships between PROMIS-SD, SRI, Fatigue, and PHQ-8

It was hypothesized that there would be a significant (r >0.50) positive correlation between
depressive symptoms and fatigue, due to major depression being a major indicator of higher levels

of fatigue. This hypothesis was not proven to be true. The main reason for this lack of relationship
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is most likely related to the small sample size collected (n = 7), as there is a known relationship
between fatigue and symptoms of depression, given the mental strain the fatigue and depression
both have on the energy levels of the body as a whole. Thus, the weak negative correlation was
surprising, though it is suspected that with more participants, this relationship between PROMIS-
Fatigue and PHQ-8 scores will strengthen; analyses of the full sample size in the future (target n
=100) . Another reason that this weak negative relationship may have been observed could be due
to the very “loose” definition of fatigue itself; because fatigue is more of a subjective construct,
anecdotal interactions with the seven participants highlighted difficulty parsing out what was
considered “sleepiness” versus what was considered “fatigue.” In future studies, it would be
interesting to provide a solid definition of fatigue and how it manifests prior to administration of
the PROMIS-Fatigue so that participants can accurately differentiate fatigue versus sleepiness in
their own lives. Finally, another reason that this weak negative relationship might have occurred
was because of the length of time post-stroke onset; the range of time post-stroke onset in months
for the set of seven participants was 75 months to 396 months. With a greater length of time post-
stroke, it is possible that some of these participants have learned to manage their symptoms of
depression and fatigue; several participants commented on this fact as well, noting that their fatigue
and overall feelings of depression were greater in the first year following their stroke.

It was also hypothesized that there would be a significant (r >0.50) positive correlation
between depression symptoms and sleep disturbance. This hypothesis was somewhat supported by
this preliminary data, with a weak positive correlation highlighted between PROMIS-SD and
PHQ-8 and a moderate positive correlation highlighted between the PROMIS-SRI and PHQ-8.
These moderate and weak positive correlations can be explained by the types of questions asked

during both self-report questionnaires. Recall that the PROMIS-SD asks about sleep disturbances,
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whereas the PROMIS-SRI asks about the impact of these sleep disturbances on day-to-day
function. Even though we found a strong positive correlation between the PROMIS-SD and
PROMIS-SRI, they related to the PHQ differently. Specifically, it is not the sleep disturbances
themselves that could be impacting depression but instead their impact on day-to-day function;
however, this correlation is fairly weak and additional data is needed to further explore these
relationships. Both of these relationships exhibiting positive correlation in general can, once again,
be explained with previous studies underlying the bidirectional relationship between sleep and
depression, with one impacting the other and vice versa. Thus, lower PROMIS-SD and PROMIS-
SRI scores should result in lower PHQ-8 scores, representing decreased severity of both sleep
dysfunction and depressive symptoms; at the same time higher PROMIS-SD and PROMIS-SRI
scores should result in higher PHQ-8 scores, representing increased severity of both sleep
dysfunction and depressive symptoms.

It is also instrumental to confirm the strong positive correlation between the PROMIS-SD
and PROMIS-Fatigue, the PROMIS-SRI and PROMIS-Fatigue, and the PROMIS-SD and
PROMIS-SRI in individuals with post-stroke aphasia. As previously mentioned, these PROMIS
subtests have not been utilized in full with PWA in previous studies; all post-stroke studies
involving the full versions of these self-report questionnaires have purposefully excluded
individuals with aphasia due to potential deficits in language comprehension. The strong
correlation existing across these relationships between PROMIS Sleep and Fatigue questionnaires
among individuals with post-stroke aphasia is important to note, as it provides preliminary

evidence for their validity in PWA.
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4.3 Preliminary Feasibility

The Tucker et al. (2012) Communicative Support Hierarchy Scale as well as a feasibility
questionnaire were utilized in order to begin to answer questions related to the feasibility of the
PROMIS self-report measures for the population of individuals with aphasia. Based on the
preliminary data collected, it was found that little to no support was needed across these
questionnaires for the current sample population. Infrequently, individuals required a verbal re-
read of the question as well as repetition of choices, which related to Step 1 of the Communicative
Support Hierarchy Scale. Also, infrequently with questions that could be considered more
syntactically complex, a simplification and restatement of the question was needed, which related
to Step 2 of the Communicative Support Hierarchy Scale. However overall, this sample of PWA
required minimal support following the initiation question presentation.

The Feasibility Questionnaire revealed valuable feedback in relation to the PROMIS and
PHQ-8 self-report measures administered. Several participants relayed that some items were more
difficult to comprehend as compared to others; some participants relayed that they felt questions
on both were too simplistic or oversimplified what they were feeling. One participant in particular
stated that they felt that “seven days is not always [their] normal;” given that a majority of these
questionnaires ask to rate feelings regarding sleep and depression within the last one to two weeks,
it makes sense that individuals who face fluctuations in sleep or depression would have a more
difficult time responding to these questionnaires. Finally, many individuals commented on the
severity rating scale itself; sometimes the number “5” related to “Very much,” whereas other times
it corresponded to “Not at all” (i.e., the scale sometimes switched directions numerically). This

has to do with the severity scoring of the PROMIS questionnaires; with lower scores corresponding
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to lower severity and higher scores corresponding to higher severity, the scale must switch when
someone is responding “Very Much” to a statement in a more positive light or responding “Not at
all” to a statement in a more negative light. This was confusing to some of the participants of the
study.

It should be noted that written and auditory comprehension scores of the CAT revealed that
written comprehension deficits were less severe than auditory comprehension deficits, with
auditory comprehension t-scores being lower. This is an interesting finding, especially given the
virtual administration of the PROMIS Sleep and Fatigue test banks because reduced auditory
comprehension could have impacted verbal administration of test bank items. Lower auditory
comprehension t-scores could have been heavily related to the virtual nature of this study for
several reasons. First, specific tasks can be more difficult when presented virtually rather than in-
person. For instance, there is a specific subtest on the CAT where the investigator verbally reads
a word; then the participant selects one picture out of four that shows the verbally stated word. For
each item, a phonological distractor picture is also presented (e.g., if the target word is “mouse,” a
picture of a “house” is also presented). It is arguably more difficult to differentiate the target from
the phonological distractor when the words are presented virtually rather than in-person, as visual
and perceptual cues allowing for differentiation of sounds can be more evident in person as
compared to over Zoom. Second, the participants of this study were middle age to older adults;
with age, hearing tends to decline due to noise exposure throughout the lifespan. It may be the case
that some of these participants have experienced undiagnosed hearing loss, which might have
impacted their performance on auditory comprehension measures. Third, while it is possible for
the investigator to control the volume of the Zoom session on their end, it is impossible to control

the volume of the Zoom session on the participant’s end. It may have been the case that volume
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was too low on the computer of the participant; as well as this, the participant may have been
experiencing a lot of background noise from their environment. It will be interesting to further
consider what other person-specific factors (e.g., language deficit severity) impacted feasibility

ratings when the full sample is collected.

4.4 Study Limitations

There are several limitations that should be noted for this study. First, across both
participant groups, it should be noted that individuals potentially experiencing greater depression
or other psychosocial symptoms are less likely to volunteer to participate in research studies; this
is because it is likely that those with greater depression or other symptoms may have less
motivation to seek out studies such as this one. Thus, the sample population collected may not be
representative of the population of individuals with aphasia as a whole. Second, the second
participant group collected was a very small sample, only consisting of seven individuals with
post-stroke aphasia. It is anticipated that results for Aim 2 would vary if there was an increase in
sample population. Thus, the results discussed for Aim 2 should be viewed only as preliminary at
this time. Third, PWA who participated in the second group participated in this study virtually;
virtual participation could impact administration of self-report questionnaires and the potential
feasibility of these questionnaires among this population, as evidenced by lower CAT auditory
comprehension scores. This is a factor that should continue to be explored given the new-found
role of telehealth in our everyday healthcare system. Fourth, there are not currently scoring

guidelines enabling raw score to t-score conversation for the full PROMIS Sleep and Fatigue test
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banks; currently, conversions exist for the PROMIS short forms and for the computerized version
of these test banks. As this study includes a preliminary sample, future aims should look at
comparing scores from the full sample to normative data. Finally, it would be worthwhile to
explore psychometric properties such as test-retest reliability in order to account for day-to-day
fluctuations in depressive symptoms or sleep dysfunction that could occur. The PROMIS Sleep
and Fatigue Test Banks and the PHQ-8 offer only snapshots from a specific moment of time, which
cannot allow for comprehensive judgements related to levels of sleep disturbance, fatigue, or

depression.
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5.0 Conclusion and Future Directions

This study aimed to shed light on three underexplored factors that are likely highly
prevalent in individuals with aphasia: sleep dysfunction, fatigue, and depression. With a
bidirectional relationship existing between sleep dysfunction and depressive symptoms, it was
found that PROMIS-SD scores meaningfully predicted PHQ-8 scores; furthermore, it was found
that PROMIS-SD and PROMIS-SRI scores positively correlated with PHQ-8 scores. Examining
these relationships as well as preliminary information related to the feasibility of these self-report
guestionnaires among the post-stroke aphasia population are important steps in initiating important
future research related to sleep, depression, and its role in individuals with post-stroke aphasia, as
these factors—given limited findings—could impact the post-stroke aphasia population’s ability
to respond to rehabilitation as well as their overall quality of life and life participation.

Future studies should focus on collection of more participants in order to confirm or deny
the preliminary findings related to sleep, fatigue, and depression exhibited in this study. As well
as this, future studies could focus on collecting information regarding sleep, fatigue, and
depression longitudinally, in order to examine fluctuations that could occur amongst PWA,
especially throughout treatment of aphasia. Furthermore, future studies should continue to focus
on determining the feasibility of the PROMIS Sleep and Fatigue subtests for individuals with post-
stroke aphasia; once feasibility is confirmed, validating these measures for individuals with post-
stroke aphasia should be the next step in order to emphasize the importance of utilization of valid
and reliable measures among the post-stroke aphasia population. Finally, future studies should
explore depressive symptoms, fatigue, and sleep dysfunction at different points in time following
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a stroke, given the heightened sleep dysfunction and feelings of depression that one may face due
to stressors and neurochemical and neurophysiological changes that can occur in the stages
following acute stroke. Participants in aphasia research are commonly individuals who are well-
past their time in the hospital and are mostly recovered; however, perhaps research should instead
turn its head towards individuals who are in the early stages of recovery, where lack of sleep and
presence of mental health have a high probability of negatively impacting the early stages of
recovery. Examining this as well pathophysiological factors contributing to depression and sleep
dysfunction following stroke can help healthcare professionals mitigate these issues in the long-
term following stroke as well as inform speech-language pathologists of the referrals that they may
possibly need to make depending on the needs of their patients.

Finally, it is vitally important for speech-language pathologists to address issues of mental
health when poor mental health is observed in a patient. With few resources available regarding
treatment of depression within the post-stroke aphasia community, the speech-language
pathologist has the opportunity to be their patient’s strongest ally and advocate and can play a
necessary role in the diagnosis of depression and other mental health disorders. While it may feel
uncomfortable for the speech-language pathologist to take on this role in aiding in the diagnostic
process of mental health disorders, depression and other mental health disorders are heavily

prevalent in the aphasia community and should not simply be ignored due to discomfort.
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Appendix A Feasibility Questionnaires

PROMIS-Fatigue Feasibility Questions
Were the instructions provided to you clear (easy to understand)? (circle one)
YES NO

If NO, how difficult for you was it to understand the instructions?

D 1 —Barely
DZ — A little

D 3 — Moderately

D4 —Very

Additional Feedback About Instructions:

Was it difficult for you to answer these questions? (circle one)
YES NO

If YES, how difficult for you was it to understand the questions?

D 1 - Barely
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DZ — A little

D3 — Moderately

D4 —Very

Additional Feedback About Questions:

Did you feel that the questionnaire accurately described your fatigue?
YES NO

If NO, please explain: (e.g. what was missing?)
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PROMIS-Sleep Related Impairment (SRI) Feasibility Questions
Were the instructions provided to you clear (easy to understand)? (circle one)
YES NO

If NO, how difficult for you was it to understand the instructions?

D 1 —Barely
DZ — A little

D 3 — Moderately

D4 —Very

Additional Feedback About Instructions:

Was it difficult for you to answer these questions? (circle one)
YES NO

If YES, how difficult for you was it to understand the questions?

D 1 - Barely
DZ — A little

D 3 — Moderately
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D4 —Very

Additional Feedback About Questions:

3.Did you feel that the questionnaire accurately described your sleep?
YES NO

If NO, please explain: (e.g. what was missing?)
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PROMIS-Sleep Disturbance (SD) Feasibility Questions
Were the instructions provided to you clear (easy to understand)? (circle one)
YES NO

If NO, how difficult for you was it to understand the instructions?

D 1 —Barely
DZ — A little

D 3 — Moderately

D 4 —\Very

Additional Feedback About Instructions:

Was it difficult for you to answer these questions? (circle one)
YES NO

If YES, how difficult for you was it to understand the questions?

D 1 - Barely
DZ — A little
D3 — Moderately
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D4 —Very

Additional Feedback About Questions:

Did you feel that the questionnaire accurately described your sleep?
YES NO

If NO, please explain: (e.g. what was missing?)
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PHQ-8 Feasibility Questions

Were the instructions provided to you clear (easy to understand)? (circle one)

YES NO

If NO, how difficult for you was it to understand the instructions?

D 1 —Barely
DZ — A little

D 3 — Moderately

D4 —Very

Additional Feedback About Instructions:

Was it difficult for you to answer these questions? (circle one)

YES NO

If YES, how difficult for you was it to understand the questions?

D 1 - Barely
DZ - Alittle

D 3 — Moderately
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D4 —Very

Additional Feedback About Questions:

Did you feel that the questionnaire accurately described your feelings?

YES NO

If NO, please explain: (e.g. what was missing?)
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