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ABSTRACT 

EXAMINING A FATIGUE MANAGEMENT MODEL THAT IDENTIFIES RISK 

FACTORS AND CONSEQUENCES OF FATIGUE IN OLDER INDIVIDUALS 

SEPTEMBER 2021 

MARAL TOROSSIAN, B.S., LEBANESE AMERICAN UNIVERSITY 

M.S., UNIVERSITY OF MASSACHUSETTS AMHERST 

Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST 

Directed by: Professor Cynthia Jacelon 

Fatigue is experienced by 40-74% of older individuals living with a chronic disease. 

Despite advances in scientific knowledge around risk factors and consequences 

associated with fatigue, a comprehensive model that can serve as a guide for healthcare 

providers caring for older individuals with fatigue is lacking. Thus, the purpose of this 

study was to examine a fatigue model based on the Theory of Unpleasant Symptoms 

(TUS). The model included psychological, physiological, and situational risk factors of 

fatigue, as well as fatigue outcomes, such as physical, social, and cognitive performances, 

perceived health, and quality of life (QOL). This was a secondary data analysis of the 

“Patient-Reported Outcomes Measurement Information System Profiles – Health Utilities 

Index” dataset. Multiple regression analysis and path analyses were used to examine the 

association between fatigue and the above-mentioned variables. Findings suggested that 

number of comorbidities, pain, sleep, depression, anxiety, education, and sensory 

impairment (SI) were significant predictors of fatigue. In their turn, higher fatigue scores 

predicted lower physical, social, and cognitive performance, as well as worse perceived 

health and QOL. Additionally, fatigue outcomes mediated the relationship between 
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fatigue and QOL. Health care providers of older individuals with fatigue should closely 

monitor and manage the physiological, psychological, and situational risk factors of 

fatigue, which would, in turn, improve these individuals’ performance on all three levels, 

perceived health, as well as their QOL. Future research should be directed towards 

exploring other risk factors of fatigue, examining feedback loops depicted in the TUS, 

identifying whether neurodegenerative diseases moderate the relationship between CP 

and QOL, and identifying variables that mediate the relationship between certain risk 

factors and fatigue. 
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CHAPTER 1 

INTRODUCTION 

Background 

Fatigue is experienced by 40-74% of older individuals living with a chronic 

disease (Menting et al., 2018). Fatigue is defined as an overwhelming sense of decreased 

capacity for activity, physical or mental, due to an imbalance in the availability, 

utilization, or restoration of resources (Aaronson et al., 1999), and is attributed to disease-

specific, psychological, or cognitive factors (Goedendorp et al., 2014). Fatigue is 

described as an unpleasant, troublesome, and a burdensome symptom, contributing to 

irritability, poor motivation, attention, memory, and a decline in social and physical 

function (Menting et al., 2018; Ream & Richardson, 1996).  

Although individuals in all age groups experience fatigue, fatigue is of particular 

interest in older individuals (Torossian & Jacelon, 2020). First, fatigue is common in 

older adults following hospitalization. As many as 77% of patients above the age of 70 

reported fatigue upon hospital admission, and were three times more likely than those 

without fatigue at admission to retain this symptom three months following discharge 

(van Seben et al., 2019). Second, fatigue can be one of the early signs of abnormal aging, 

and is a self-reported indicator of frailty (Avlund, 2010). Third, fatigue is an independent 

predictor of mortality; for example, older individuals with hematological malignancies 

who experienced higher levels of fatigue had significantly worse prognosis, and a 

shortened overall survival, compared to those with lower levels of fatigue (Hofer et al., 

2018). In addition, when fatigue coexists with other chronic conditions, it becomes more 

debilitating and limiting. Yet, fatigue is often viewed as a normal part of the aging 
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process, rather than a manifestation of an underlying condition. Thus, advancing the 

understanding of factors related to fatigue, and exploring fatigue management strategies 

may help control some aspects of frailty, reduce the odds of symptom persistence post 

hospital discharge, and improve the quality of life of older individuals. 

Currently, there is increased research interest in the area of chronic disease 

symptom management, including fatigue. Many researchers have addressed fatigue in 

terms of its triggers, consequences, management strategies, and older individuals’ 

perceptions of fatigue. However, clinicians still face challenges understanding the risk 

factors for fatigue, and the extent to which it affects health outcomes. Study findings 

either pertain to a single chronic disease, or to the relationship between fatigue and one or 

two risk factors, or consequences. The narrow scope of this research limits the 

applicability of findings. To date, there has not been a comprehensive examination of risk 

factors and consequences of fatigue in a single study. Risk factors for fatigue are 

interdependent, and co-influence fatigue levels and fatigue outcomes experienced by 

older individuals. Thus, examination of the extent to which risk factors predict fatigue, 

singly and in combination, and the degree to which fatigue affects outcomes would 

provide an understanding of where to direct intervention efforts, and the outcomes used 

to measure intervention effectiveness. 

Purpose 

The purpose of this study was to provide a broader understanding of the extent to 

which select risk factors contribute to the experience of fatigue, and the impact fatigue 

has on identified patient outcomes. Fatigue has been shown to be associated with a 

number of physiological, psychological, and situational risk factors. Physiologic factors 
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associated with fatigue identified from existing literature include, but are not limited to, 

age (Lin et al., 2015; Silva et al., 2011), gender (Salter et al., 2019), number of 

comorbidities (Hardy & Studenski, 2010; Horne et al., 2019; Lin et al., 2015), sleep-

related impairment, sleep disturbance (Barak et al., 2020; Hawker et al., 2010), and pain 

(Overcash et al., 2018). Psychological factors associated with fatigue include depression 

and anxiety (Karakurt & Ünsal, 2013), while situational factors include lifestyle and 

personal variables, such as marital status (Jing et al., 2015; Lin et al., 2015), education 

(Jing et al., 2015; Karakurt & Ünsal, 2013; Kessing et al., 2015; Lin et al., 2015; 

Muszalik et al., 2016), social support (Kwag et al., 2011), and physical activity (Tolstrup 

Larsen et al., 2018; Nicklas et al., 2016). Fatigue, according to existing literature, has 

consequences on performance-based outcomes. These include older individual’s physical, 

social, and cognitive performances, perceived health, quality of life, and longevity 

(Banerjee et al., 2020; Bhalla et al., 2014; Hofer et al., 2018; Li et al., 2018; Plach et al., 

2006; Stephen, 2008). 

Despite advances in scientific knowledge around risk factors and consequences 

associated with fatigue, a comprehensive model that could serve as a guide for healthcare 

providers caring for older individuals with fatigue is lacking. Thus, the purpose of this 

study was to present a fatigue model inclusive of the common risk factors and 

consequences, which would help explain the associations among variables. This 

comprehensive model would also expose the proportion of unexplained variance in 

fatigue scores, which would be the first step towards exploring previously unexamined 

predictors of fatigue in future studies. 

Research Questions 
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This study was guided by the following research questions: 

1) To what extent do each of the physiological (age, gender, number of comorbidities, 

pain, sleep), psychological (depression, anxiety), and situational (race, marital status, 

education, hospitalization, sensory impairment) factors predict fatigue in older 

individuals? 

2) To what extent does fatigue influence older individuals’ physical performance, social 

performance, cognitive performance, perceived health, and quality of life? 

3) Do the above-mentioned fatigue consequences (physical performance, social 

performance, cognitive performance, perceived health) mediate the relationship 

between fatigue and QOL? 

4) Does gender moderate the relationship between number of comorbidities and fatigue? 

Definitions 

• Fatigue is an unpleasant feeling of exhaustion experienced with or without physical 

symptoms. It is characterized by a decreased capacity in accomplishing physical or 

mental activities due to an imbalance in the availability, utilization, and restoration of 

resources, secondary to physical or psychological factors (Aaronson et al., 1999; 

Goedendorp et al., 2014). 

• Physiological factors are defined as variables that relate to the activities or functions 

of cells, tissues, and organs of the human body, and to the physical and chemical 

processes involved in these functions (Merriam-Webster, n.d.)  

• Psychological factors are defined as variables that pertain to an individual’s emotions, 

mood, affect, feelings, and mental state (Lenz et al., 1997), that affect one’s behavior. 



5 

 

• Situational factors are defined as aspects of one’s social and physical surrounding that 

can influence an individual’s experience of symptoms (fatigue) (Lenz et al., 1997) 

• Comorbidities are defined as one or more long-term or chronic health-related 

conditions that are present simultaneously in an individual. 

• Sleep disturbance is defined as a phenomenon which results in the alteration of one’s 

subjective and objective sleep measures (Richards et al., 2019) 

• Sleep-related impairment is defined as any disruption in the integrity of physical, 

emotional, or social performance as a result of inadequate or inefficient sleep. 

• Quality of life is defined as a subjective evaluation of positive and negative aspects of 

life (Centers for Disease Control and Prevention [CDC], 2020), including physical, 

social, emotional, and financial aspects. 

• Physical performance is defined as the ability to carry out basic actions that allow an 

individual to perform more complex tasks that are essential for self-care, maintenance 

of social roles, and independence (Painter et al., 1999). 

• Social performance is defined as one’s ability to carry out social roles, which 

constitute a set of behaviors and attitudes expected of an individual, based on one’s 

position, or on a particular function that they perform in a social context (American 

Psychological Association [APA], n.d.). 

• Cognitive performance is defined as an individual’s conscious intellectual activity 

(Merriam-Webster, n.d.) that includes comprehending, reasoning, remembering, and 

concentrating. 

Conceptual Framework 
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The middle-range Theory of Unpleasant Symptoms (TUS) provides a framework 

that depicts the relationship between the experienced symptom, the factors influencing it, 

and the alteration in one’s performance as a result of the symptom (Lenz et al., 1997). 

The theory was first introduced in 1995, and revised in 1997. In TUS, “symptoms” are 

defined as the subjective perceptions of threats to health by the individual, and indicators 

of change in normal function (Lenz et al., 1997). Symptoms experienced by individuals 

are characterized by intensity (severity/strength), timing (frequency, duration), distress 

(degree of perceived bother from the experience of symptom), and quality (what the 

symptom feels like to an individual) (Lenz et al., 1997). In TUS, influencing factors refer 

to a set of physiological (function of bodily systems), psychological (mental state, mood), 

and situational (marital status, social support) factors that are assumed to be interrelated, 

and influence each other. Lastly, performance, which is the outcome of the experienced 

symptom, is conceptualized as functional (physical, social, and work-related) and 

cognitive (concentration, problem-solving) activities. (Lenz et al., 1997) (Figure 1). 
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Figure 1. 1: A Diagram Representing the Paths in the Theory of Unpleasant Symptoms 

 

Lenz, E. R., Pugh, L. C., Milligan, R. A., Gift, A., & Suppe, F. (1997). The middle-range theory of 

unpleasant symptoms: an update. ANS. Advances in Nursing Science, 19(3), 14–27. 

https://doi.org/10.1097/00012272-199703000-00003 

The TUS was developed with the assumption that symptoms share similar 

attributes and characteristics, and thus a theory on symptom experience can guide the 

management of more than one symptom. This theory has been used as a framework in 

studies examining fatigue in the post-partum period (Milligan et al., 1996), symptom 

experience in breast cancer patients (Kim et al., 2014), including pain, fatigue, sleep 

disturbance, and anxiety (Schreier et al., 2019). In this study, TUS guided the 

development of the proposed model. The model aimed to examine the relationship 

between a number of influencing factors, fatigue, and fatigue-related patient outcomes in 

older individuals with chronic diseases. 

Methodology Overview 
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In this study, a large existing data set, “Patient-Reported Outcomes Measurement 

Information System Profiles – Health Utilities Index”, was used to explore the 

relationships among variables using structural equation modeling (SEM). This dataset 

was collected from an internet panel managed by “Opinion 4 Good” (OP4G), a 

philanthropic, online research panel, and was funded as a supplement to PROMIS 

statistical center. The dataset includes measures of the Health Utility Index, PROMIS 

Global items, and other PROMIS measures that assess fatigue, physical activity, pain, 

sleep, ability to participate in social roles and activities, emotional distress (anxiety, 

anger, depression), and cognition from 3000 subjects (Cella, 2016) (see Chapter Three 

for an in-depth description of these variables). 

 To analyze the data “PROMIS Profiles -HUI” dataset, structural equation 

modelling (SEM) consisting of only path analyses was carried out. SEM is a causal 

inference method in which the researcher specifies the directionality of the relationship 

between variables, whereby variables are regressed on, or hypothesized to be predicted 

by other variables. In SEM, a set of a priori, theory-based hypotheses are required, upon 

which the fit of the model is tested, using a confirmatory approach. If statistical results do 

not show a good fit, the model can be respecified to improve fit based on certain 

statistical parameters and theoretical underpinnings (Kline, 2015). SEM also depicts the 

beta coefficient of all paths depicted in a given model. SEM includes two types of 

variables: observed, and latent. Observed variables are constructs that can be easily 

quantified or observed, such as age, marital status, and annual income. The relationship 

between observed variables is examined through path analyses. Latent variables, on the 

other hand, cannot be observed, but can be quantified through their indicators (e.g., stress 
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can be quantified through measurement of cortisol levels). Measurement models rather 

than path analyses are used to examine the relationship among latent variables in SEM. In 

this study, only observed variables (path analyses) will be conducted.  

TUS guided the choice of variables as either risk factors (independent variables), 

or consequences (dependent variables) of fatigue for the proposed model. Risk factors 

were categorized into physiological, psychological, and situational, as suggested by Lenz 

et al. (1997). Physiological risk factors examined included age, gender, number of 

comorbidities, sleep, and pain. Psychological variables included depression and anxiety, 

while situational factors included race, educational level, marital status, frequency of 

hospitalization in the past 12 months, and sensory (hearing and vision) impairment (SI). 

The reason why SI was categorized as a situational factor is because it is the subjective 

perception of SI rather than the physiological changes that become bothersome and 

burdensome to the individual. Lastly, outcomes hypothesized to be influenced by fatigue 

included physical, social, and cognitive performances, perceived health, and quality of 

life.  

Significance of Inquiry 

Fatigue has been extensively studied over the recent two decades. These 

examinations have advanced the scientific knowledge of a number of risk factors of 

fatigue (Alhanbali et al., 2017; Hornsby et al., 2016; Loh et al., 2018), and the extent to 

which each of these factors contribute to the experience of fatigue. Based on these 

findings, a number of fatigue management interventions have been developed to help 

minimize the experience and burden of fatigue, and improve individuals’ quality of life. 

Similarly, researchers have investigated outcomes associated with fatigue (Banerjee et 
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al., 2020; Salter et al., 2019). Despite these advances in knowledge, findings have been 

limited in generalizability, due to their focus on one particular chronic disease, or a few 

variables. A study examining the predictive power of multiple significant risk factors 

simultaneously through SEM modeling, in more than one chronic disease, is lacking.  

The simultaneous examination of regression coefficients of fatigue risk factors 

would account for the covariance among these factors, and reveal a more accurate 

predictive power of each of the risk factors in relation to fatigue. This, in turn, would 

provide a clearer representation of the way in which all influencing factors, combined, 

impact the experience of fatigue in older individuals with chronic conditions. This is 

significant, as resources, screening practices, and early fatigue management interventions 

can then be directed towards risk factors that strongly predict fatigue. Additionally, this 

strategy would identify the percentage of additional risk factors that need to be explored 

in future studies, to help screen, prevent, or control fatigue more efficiently. 

 Furthermore, the correlation coefficients between fatigue and multiple outcomes 

while accounting for a number of covariates (see Chapter 3) would identify the 

circumstances under which fatigue should be screened for as a potential risk factor. 

Lastly, the SEM modeling would also highlight the mediating effect of fatigue 

consequences on the relationship between fatigue and quality of life, so that significant 

mediators can be incorporated into interventions targeted at improving the quality of life 

of older individuals experiencing fatigue. 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

Introduction 

Fatigue is a symptom experienced by individuals in different age groups and 

populations, which makes it a topic of interest for a vast number of researchers. A 

number of studies have sought to identify its causes, in order to develop effective 

interventions for fatigue management. However, much of the knowledge regarding the 

risk factors of fatigue have pertained to working age groups, and thus are not applicable 

to the population of older adults. For example, workload, types of shifts, years of work, 

and other work-related factors have been identified as fatigue-related risk factors in a 

number of studies (Lu et al., 2017; McElroy et al., 2020); Murray et al., 2019). However, 

according to the U.S. Bureau of Labor Statistics (2017), individuals above the age of 65 

spend two-thirds of their time participating in household and leisure activities, including 

watching TV, relaxing, and reading. Thus, in order to explore risk factors of fatigue in 

older adults, choosing age- and lifestyle-relevant fatigue predictors is key.  

Although all age groups can experience fatigue, its burden varies significantly 

between age groups. Fatigue becomes more burdensome and debilitating in older adults 

above the age of 60 compared to younger individuals and children. This is partly due to 

the coexistence of a number of chronic illnesses in this population, with common 

underlying processes, such as inflammation (Hardy & Studenski, 2010), making it one of 

the most prevalent symptoms reported in older individuals (van Seben et al., 2019). 

Fatigue is also associated with poorer prognosis, and higher odds of mortality in this 

population (Hofer et al., 2018). Throughout the literature, a number of physiological, 
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psychological, and situational risk factors have been examined, and their association with 

fatigue levels in older individuals has been established. Similarly, outcomes ranging from 

physical performance, to functional and cognitive activities have been investigated, and 

have been shown to be impacted by fatigue levels experienced by older adults. The 

purpose of this literature review was to examine the commonly reported risk factors and 

consequences of fatigue in older individuals. 

The Theory of Unpleasant Symptoms (TUS) was the theoretical framework that 

guided the literature review. TUS is a middle-range theory developed by Lenz et al. 

(1997), with the aim of guiding research and practice in the management of one or more 

symptoms. The theory depicts three levels of influencing factors (physiological, 

psychological, situational) that influence the experience of a symptom in terms of 

duration, quality, intensity, and distress. The experience of the symptom, in its turn, 

impacts performance on the functional (physical and social), and cognitive levels.  

The first category of influencing factors are physiological variables related to the 

biological processes that maintain or disrupt a normal body function, including nutrition, 

existence of a pathology, energy levels, trauma, etc. Psychological influencers constitute 

the second category of influencing factors, and are variables related to one’s state of 

mind, mood, and affective reaction to a disease or illness, such as depression, and 

anxiety. Lastly, situational influencers are variables related to an individual’s physical 

and social environment, such as place of residence, educational background, social 

network, and support. In TUS, the three levels of influencing factors are inter-related, and 

impact the experience of symptoms (Lenz et al., 1997). In this theory, an individual can 

experience one or more symptoms simultaneously, and each symptom is characterized by 
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its duration, intensity, quality, and distress, the latter reflecting the extent to which an 

individual is bothered by the symptom. According to Lenz et al. (1997), two individuals 

can experience a symptom at the same intensity, or duration, but experience a different 

level of distress, depending on their individual interpretation of the experience of 

symptom. This aspect is also the one that impacts an individual’s quality of life most. 

The four dimensions of a symptom, in their turn, affect the individual’s functional 

and cognitive performance. Functional performance is operationalized as an individual’s 

physical and social function. That is, the extent to which one is able to carry out activities 

of daily living, fulfill work- and role-related tasks, and to participate in social 

interactions. Cognitive performance is operationalized as one’s ability to carry out 

cognitive tasks, such as problem-solving, thinking, reasoning, and concentrating. Finally, 

according to TUS, there exists a feedback loop, or a reciprocal relationship between the 

symptom itself and its influencing factors, between performance and symptom 

experience, and between performance and influencing factors. That is, a decline in daily 

activity as a result of any symptom, can in turn, deteriorate one’s physiological well-

being (influencing factor), further worsening the symptom experience (Lenz et al., 1997). 

To explore the extent to which TUS was used as a framework in studies 

examining fatigue in older individuals, a search was conducted in PubMed and CINAHL. 

The keywords used were “Theory of unpleasant symptoms” AND “fatigue” AND “older 

adults OR older individuals OR seniors OR geriatrics OR elderly”, and no year 

restrictions were applied. Results showed that TUS has been widely used in a number of 

chronic diseases, including breast cancer, kidney disease, heart disease, and lung disease, 

and has been examined in relation to one or more symptoms simultaneously. 
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TUS has guided the examination of the prevalence of, and the correlation between 

a number of symptoms in several studies. Almutary et al. (2017) examined a cluster of 

symptoms such as fatigue, restless legs, fluid volume, sexual drive, and others, 

commonly reported in chronic kidney disease (CKD). In another study, Reishtein (2005) 

investigated dyspnea, sleep difficulty, and fatigue in relation to functional performance in 

individuals with chronic obstructive pulmonary disease (COPD). In individuals with 

rheumatoid arthritis (RA), the cluster of symptoms consisted of pain, fatigue, and 

depression (Oh et al., 2018). In a fourth study, symptoms examined included fatigue and 

insomnia (Redeker et al., 2000). Lastly, Schreier et al. (2019) examined the correlation 

between pain, fatigue, anxiety, and sleep disturbance. In the latter study, only pain was 

examined for intensity or interference. Other symptom characteristics such as duration or 

distress were not examined for fatigue, sleep disturbance, and anxiety.  

 The way in which influencing factors were operationalized varied across studies. 

Physiological factors were operationalized as disease stage, number of comorbidities 

(Almutary et al., 2017), medications, (Eckhardt et al., 2014), age, gender, sleep (McCann 

& Boore, 2000), immune system function (Kim et al., 2014), and laboratory data, 

including absolute neutrophil count, hemoglobin and/or albumin levels (Kim et al., 2015; 

Liu, 2006). Psychological influencing factors were operationalized as one or more of the 

following: psychological distress (Almutary et al., 2017), depression/anxiety (Eckhardt et 

al., 2014; Kim et al., 2014; Kim et al., 2015; Liu, 2006; McCann & Boore, 2000; Redeker 

et al., 2000), fighting spirit (Kim et al., 2015), mood, and stress (Oh et al., 2004). Lastly, 

situational factors were operationalized as gender (Almutary et al., 2017; Liu, 2006), age 

(Liu, 2006), sleep quality (Oh et al., 2004), educational level, income or employment 
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(Eckhardt et al., 2014; Liu, 2006), family/social support (Kim et al., 2014; Kim et al., 

2015; So et al., 2013), marital status (McCann & Boore, 2000), and religion (Liu, 2006).  

Obviously, the categorization of age, gender, and sleep was not consistent across 

studies. In some studies, these were considered physiological factors (McCann & Boore, 

2000), while in others, they were examined as situational factors (Almutary et al., 2017; 

Liu et al., Oh et al., 2004). Furthermore, unlike other researchers, Kim et al. (2015) did 

not categorize sociodemographic (age, religion, education) and clinical factors (stage and 

type of cancer) into situational or physiological factors. Instead, these factors were 

examined separately in relation to fatigue.  

Some studies examined the extent to which influencing factors influence the 

different dimensions of symptom experience, while others examined the influence of a 

symptom(s) on outcomes, or investigated both influencing factors and outcomes in 

relation to the symptom(s). In the study by Reishtein (2005), the relationship between a 

cluster of symptoms (dyspnea, sleep difficulty, fatigue) and functional performance was 

examined. In the study by Oh et al. (2018) involving subjects with rheumatoid arthritis 

(RA), TUS was modified such that the outcome was quality of life (QOL), and not 

performance (Oh et al., 2018). This was also true in three other studies involving women 

with breast cancer (Hsu & Tu, 2014; Kim et al., 2015; So et al., 2013), and coronary heart 

disease (Eckhardt et al., 2014), where the outcome of interest was QOL. In the study by 

Hsu and Tu (2014), functional ability, a performance-based outcome in TUS, was found 

to be a mediator between fatigue and QOL.  

To sum up, TUS has been used as a conceptual framework to examine the association 

between fatigue, either alone or with co-existing symptoms, and different influencing 
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factors highlighted in TUS. Fatigue outcomes examined included performance, mainly 

functional, and/or quality of life. Cognitive performance was not included as one of the 

outcomes in any of the above-mentioned studies. In addition, the focus was on one 

particular chronic disease, and not all aspects of the theory were examined. That is, most 

studies either examined influencing factors, or outcomes in relation to the symptom. In 

this review, influencing factors and performance-based outcomes of all levels (physical, 

functional, cognitive) were examined in relation to fatigue, with no focus on any 

particular chronic disease. 

Methods 

The concepts of TUS guided the search strategy which aimed to explore 

“influencing factors” and consequences related to “performance” or any other outcome. 

PubMed, CINAHL, Web of Science, and Psych Info were searched using the following 

search strategy: “fatigue” AND “risk factors OR influencing factors OR predictors OR 

correlates OR antecedents OR causes OR outcomes OR impact OR consequences” AND 

“older individuals OR older adults OR seniors OR geriatrics OR elderly”. Additional 

articles were identified through snowball sampling. Research studies were limited to 

those published in the last 10 years, and in English language. Despite fatigue being one of 

the attributes of frailty, studies examining “frailty” correlates were excluded, as findings 

could not be directly linked to fatigue. Similarly, articles were excluded if they examined 

“fatigability”, which is beyond the scope of this review. Articles satisfying the eligibility 

criteria from the first strategy were grouped and organized into a matrix (Garrard, 2017) 

as either physiological, psychological, or situational risk factors. Consequences of fatigue 

were grouped into performance-based outcomes highlighted in TUS, which included 
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physical, functional, and cognitive levels. Additional non-performance-based outcomes 

such as quality of life and perceived health, which were not part of TUS, are also 

presented. 

Evidence Related to Physiological Risk Factors 

Physiological factors refer to variables related to the biological processes that 

occur at the cellular or system level in individuals, in order to maintain proper body 

function. In this literature review, physiological factors included age, number of 

comorbidities, gender, sleep, and pain. Findings on these variables were grouped, and 

presented below. 

Age was negatively and weakly correlated (r = -.02, p < 0.05) with fatigue in 

male and female older adults with Multiple Sclerosis (MS) (Salter et al., 2019), as well as 

in cancer survivors (Bevilacqua et al., 2018), indicating that older individuals experience 

less fatigue. However, in individuals who had experienced a myocardial infarction, those 

reporting fatigue were significantly older than those without fatigue (Crane et al., 2016). 

This was also supported in another study involving women, whereby those above the age 

of 75 were almost five times more likely to experience fatigue (OR = 4.81) than their 

younger counterparts (Jing et al., 2015). However, researchers in another study on 

women with breast cancer women reported a non-linear association between age and 

fatigue, whereby women in the 61-70 age group had the highest fatigue scores compared 

to younger, or older women (Muszalik et al., 2016). 

Number of comorbidities was another variable examined in multiple studies. 

There was a significant difference in number of comorbidities between fatigued and non-

fatigued individuals in two studies (Horne et al., 2019; Lin et al., 2015). Number of 
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comorbidities was also positively correlated with fatigue (rS = .18, p < 0.05) (Silva et al., 

2011), and was a significant predictor of fatigue (Kim & Son, 2019). Lastly, in a study 

including women exclusively, this positive association between number of comorbidities 

and fatigue was also supported. Women with breast cancer who had one comorbidity had 

1.83 times higher risk of fatigue compared to those with no comorbidities, and this risk 

was threefold with two or more chronic diseases (Jing et al., 2015).  

Regarding gender-fatigue association, being female was a significant predictor of 

higher fatigue scores in individuals with MS (Salter et al., 2019), cancer survivors 

(Bevilacqua et al., 2018), and older individuals in general (Chou, 2013; Soyuer & Şenol, 

2011). In another study, it was evident that gender moderated the relationship between 

number of comorbidities and fatigue. Self-reported comorbidities explained 9% of the 

variance in fatigue scores in females, but was not a significant predictor in males (Horne 

et al., 2019).  

In what relates to sleep, there was a positive correlation between sleep and 

fatigue. In two studies comparing fatigued and non-fatigued individuals, sleep disorders 

were significantly more prevalent in individuals in the former group (Hawker et al., 2010; 

Loh et al., 2018). Sleep was also found to be significant predictor of fatigue in older 

adults generally (Barak et al., 2020), and those with diabetes (Kim & Son, 2019). Lastly, 

a two-month improvement in sleep predicted a long-term decline in fatigue levels in 

individuals with arthritis (Vitiello et al., 2014). 

Pain intensity was another biophysiological factor significantly associated with 

fatigue. Findings of all studies aligned in terms of the significant positive association 

between fatigue and pain. This was supported in community dwelling older adults 
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(Crowe et al., 2017), individuals with disabilities above the age of 65 (r = .44, p < 0.01) 

(Teshale et al., 2019), Multiple Sclerosis (Salter et al., 2019), Rheumatoid Arthritis (Oh 

et al., 2018), and in older women with breast cancer (r = .58, p < 0.001) (Overcash et al., 

2018; Schreier et al., 2019). 

Based on the evidence, it can be inferred that age, gender, and number of 

comorbidities are risk factors for fatigue, as the opposite cannot be true due to temporal 

precedence of these variables to fatigue. However, it is important to note that the 

association between fatigue and the other two variables, sleep and pain, does not infer 

causality. None of the studies examining this association was a randomized control trial, 

which implies that the relationship between fatigue and these two variables can be bi-

directional.  

Evidence Related to Psychological Risk Factors 

Findings across multiple studies were consistent in terms of the relationship 

between fatigue and psychological variables. Depression and anxiety were significantly 

correlated with fatigue scores in four studies (Chou, 2013; Karakurt & Ünsal, 2013; 

Overcash et al., 2018; Silva et al., 2011). Similarly, comparing fatigue scores across 

different levels of depression and anxiety separately, individuals with moderate or severe 

depression or anxiety had significantly higher fatigue scores compared to the low 

anxiety/depression group (Crane et al., 2016; Polikandrioti et al., 2018; Salter et al., 

2019; Soyuer & Şenol, 2011). Depression was also found to be a significant predictor of 

worse fatigue in two studies (Barak et al., 2020; Kim & Son, 2019), despite a low 

predictive power (R2 = .002 & B = 0.19 respectively). Note that, in the study by Barak et 
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al. (2020), depression was not a significant predictor of fatigue when examined 

simultaneously with sleep as a risk factor of fatigue. 

Despite the strengths in the latter study which included a large sample size, 

proportionate representation of males and females, and transparency about the proportion 

of missing data, there were a number of limitations that were not explicitly 

acknowledged. The presence of underlying sleep disorders, the use of sleep medications, 

stress, caffeine intake, and other sleep-related factors were not accounted for when 

examining the relationship between sleep and fatigue. Similarly, covariates that could 

have influenced depression-fatigue association, like social support, physical activity, 

depression medications, and others were not examined. Also, only the frequency of sleep 

problems was analyzed, without a clear definition of what constituted sleep problems. 

Another limitation was the unidimensional assessment of the variables of interest. 

Fatigue, the dependent variable, was measured in terms of severity only, despite fatigue 

being a multidimensional concept (frequency, quality, duration). Similarly, sleep 

problems were measured in terms of frequency, while depression in terms of whether or 

not there was a primary diagnosis of depression or not. Lastly, sample characteristics 

such as educational level, race/ethnicity, and number of comorbidities were not included, 

which would have contributed to the generalizability of findings. Sample characteristics 

presented included age, gender, and marital status. Note that, these characteristics were 

not included in the analyses to account for their covariance, which could have 

significantly influenced study findings. These limitations represent a threat to the internal 

and external validity of findings, and thus should be accounted for when interpreting 

study findings.   
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Evidence Related to Situational Risk Factors 

Situational factors are personal and lifestyle factors that influence fatigue levels 

experienced by older individuals. Situational factors identified in the literature included 

education, economic status, race/ethnicity, marital status, medication use, hospital 

admission rate, and physical activity. Education status was correlated with fatigue in all, 

but one study. Five studies showed that individuals with higher levels of education had 

significantly lower fatigue levels (Jing et al., 2015; Karakurt & Ünsal, 2013; Kessing et 

al., 2015; Lin et al., 2015; Muszalik et al., 2016), which did not hold true in the study by 

Karakoc and Yurtsever (2010). Economic status was positively associated with fatigue 

scores: employed individuals, or those in a “very good” economic status, had 

significantly less fatigue compared to those who were unemployed (Kessing et al., 2015), 

or to those in “good”, or “difficult” economic standing (Muszalik et al., 2016). Race and 

ethnicity were included as covariates in studies in which fatigue was a dependent variable 

(Franklin & Harrel, 2013; Lin et al., 2013), suggesting that there is a correlation between 

race and fatigue. However, Bevilacqua et al (2018) found no association between race, 

ethnicity and fatigue, contrary to the results of the study by Chou (2013), whereby non-

Whites were more likely to report chronic fatigue than Whites. 

Strengths of the study by Chou (2013) included the large sample size, the 

weighting of data to represent the population of older adults in England, assessment of 

collinearity among fatigue correlates, and accounting for the covariance of age, gender, 

race/ethnicity, and education in the logistic regression analyses. However, the study had a 

number of limitations, some of which were acknowledged by the researcher, such as 
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cross-sectional nature of data which cannot establish causality, the use of self-reports for 

medical conditions, and the low response rate of 57%.  

Limitations not explicitly stated in the latter study included the exclusion of all 

participants with any missing data, without examining whether key variables such as 

depression level, anxiety, and suicidal attempts were significantly different between 

respondents and non-respondents. Doing so would have minimized bias in findings, and 

informed whether the sample is representative of this population. In addition, there was a 

risk for social desirability bias, specifically in the question related to suicidal attempts, 

which has been extensively documented in the literature (Friedman et al., 2004; Linehan 

& Nielsen, 1983; van de Mortel, 2008). Additionally, internal consistency of the data in 

the included sample was not measured, and thus data around the reliability of the used 

measures in this sample was lacking. Covariates like social support, counseling, financial 

status, and others that could have mediated the relationship between mental disorders and 

fatigue were not examined. Lastly, the researcher concluded that chronic fatigue was 

more prevalent in non-whites compared to whites, when findings reflected a higher 

proportion of white older individuals (94%) in the group with chronic fatigue compared 

to non-whites (5.1%), which rendered findings confusing. 

Findings on marital status varied greatly. Two studies involving older men and 

women showed no significant difference in fatigue scores between married, widowed, 

single, or divorced individuals (Bevilacqua et al., 2018; Horne et al., 2019). The study by 

Karakurt and Ünsal (2013) supported these findings, with the exception that in their 

study, widowed individuals experienced worse fatigue. This was contrary to findings of 

another study in which married older individuals experienced significantly higher fatigue 
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than unmarried ones (Mollaoglu et al., 2011). Lastly, two studies involving either men or 

women exclusively showed that single men and single women have higher odds of 

fatigue (OR = 1.94 and OR = 1.42, respectively) compared to their married counterparts 

(Jing et al., 2015; Lin et al., 2015).  

Sensory impairment (SI), including hearing and vision, was another risk factor of 

fatigue. Despite being linked to physiological factors, SI was categorized as a situational 

factor in this review, as the burden of SI is manifested in a social context. Unlike other 

chronic conditions which independently impact the individual’s experience of symptoms, 

the repercussions of hearing problems are dependent upon social interactions, and hence 

its classification as a situational factor. Alhanbali et al. (2017) found that individuals with 

HI, who were aged between 55 and 85, reported significantly higher fatigue levels 

compared to those without HI. In another study, individuals with HI experienced severe 

fatigue more frequently than the expected normative data (Hornsby & Kipp, 2016). This 

might be, in part, due to the significant increase in listening effort these individuals exert 

when interacting with others, compared to those with normal hearing. This was supported 

in the study by Alhanbali et al. (2017), where listening effort was significantly correlated 

with fatigue scores. In another study, hearing handicap - a measure of the impact of HI on 

the emotional and social adjustment of older individuals – was significantly associated 

with general, emotional, physical, and mental fatigue (Hornsby & Kipp, 2016). Note that, 

in the same study by Hornsby and Kipp (2016), the degree of HI per se was not 

significantly associated with fatigue. In what relates to vision impairment, results of one 

study have shown that there is a positive association between visual symptoms and 
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fatigue (Berthold Lindstedt et al., 2019). However, evidence supporting this relationship 

remains limited.  

Other situational factor included frequency of hospitalization and medication use. 

In a study, admission rates were significantly higher in older individuals experiencing 

fatigue and weakness (55%), as compared to controls (36.4%) (Bhalla et al., 2014). 

Regarding medications, diuretics, nitrates, and psychotropic medications were associated 

with worse fatigue scores (general and exertional), while exertional fatigue scores were 

better in individuals taking beta-blockers. Other medications such as ACE inhibitors, 

statins, aspirin, and calcium antagonists did not significantly impact fatigue scores 

(Kessing et al., 2015). 

A number of studies investigated the influence of physical activity (PA) or 

exercise on fatigue. A study examining the correlation between PA and fatigue cross-

sectionally and longitudinally found a significant correlation, at baseline and at the 18-

month follow-up between PA (measured in steps/day) and fatigue (r = .19, p < 0.05 – 

higher scores indicating less fatigue) (Nicklas et al., 2016). Similarly, other studies 

supported the correlation between PA and perceived fatigue (rS = -.38, p < 0.01) (Silva et 

al., 2011), and total fatigue scores (Kwag et al., 2011; Lin et al., 2015). PA was shown to 

be a predictor of lower fatigue scores in older individuals, with a regression coefficient β 

= -.52, p < 0.01 (Kwag et al., 2011). 

Note that, none of the studies was a randomized control trial. Hence, the 

relationship between fatigue and physical activity can be bi-directional. The former 

variable was shown to impact fatigue levels significantly, but the opposite can also be 

true. It can be argued that older individuals experiencing fatigue would eventually 
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increase their periods of rest, decrease their PA, and withdraw from social activities. This 

is an important consideration, as these variables could potentially be positively influenced 

by proper fatigue management. 

Consequences of Fatigue 

In alignment with the Theory of Unpleasant Symptoms (TUS), fatigue 

consequences were grouped into performance-based outcomes, consisting of functional 

performance (physical and social), and cognitive performance. Regarding physical 

performance, findings of a study showed that fatigue scores were negatively correlated 

with activities of daily living (ADL) (r = .45) (Karakurt & Ünsal, 2013), as well as 

functional independence (Soyuer & Şenol, 2011). In older women with breast cancer, 

fatigue significantly predicted functional decline from baseline to 12 months post-

chemotherapy, and a slower recovery to baseline function levels (Hurria et al., 2019).  

From a social performance standpoint, fatigue correlated positively with physical 

and social disability (r = .45, p < 0.001), with a moderate effect size (Mollaoglu et al., 

2011). Researchers in two studies found a significant negative correlation between social 

support (informational, security, emotional, and perceived) and fatigue (-.78 < r < -.65, p 

< 0.001) (Karakoc & Yurtsever, 2010; Kwag et al., 2011). In another study, individuals 

with MS who had worse fatigue scores experienced a decline in their ability to participate 

in social roles and activities (Salter et al., 2019), which also influenced their satisfaction 

with their social ability. Lastly, in a study by Franklin and Harrel (2013), fatigue 

predicted 3% of the variance in satisfaction with social ability, with a regression 

coefficient of β = -.18, p < 0.05.   
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In what relates to cognitive performance, findings of a study involving cognitively 

intact older adults showed a negative association between fatigue and cognitive abilities, 

including memory, reasoning, speed of processing, and every day problem-solving (Lin 

et al., 2013). Similarly, in another study, higher fatigue levels predicted lower 

attention/processing scores, in addition to executive function, and psychomotor speed, 

with small to moderate effect sizes (Banerjee et al., 2020). However, in the latter study, 

fatigue levels did not predict memory, learning, and language domains. In another study, 

fatigue was not significantly correlated with Mini-Cog scores either, which is a brief 

measure of cognitive impairment (Overcash et al., 2018). 

In addition to the performance-based outcomes of fatigue based on the Theory of 

Unpleasant Symptoms (TUS), consequences of fatigue included perceived health, and 

quality of life (QOL). Higher fatigue levels predicted higher health impairment (β = .43, 

p < 0.01), and was associated with lower levels or perceived health in community-

dwelling older women (Silva et al., 2011). In addition, in older individuals with 

myeloproliferative neoplasms, those experiencing higher fatigue had a significantly lower 

quality of life (Tolstrup Larsen et al., 2018). Similarly, in the study by Schmidt et al. 

(2018), fatigue was one of the most significant predictors of QOL (β = -.22, p < 0.05). 

Another predictor of QOL was social performance (Schmidt et al., 2018), which was also 

shown to be an outcome of fatigue in other studies (see above).  

In addition to these outcomes, TUS highlights a relationship between the 

experienced symptom, fatigue, and its influencing factors, whereby the former impacts its 

influencing factors through a feedback loop. This is supported by the fact that evidence 

regarding the association, and not the causality, between certain risk factors and fatigue 
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has been supported in the literature. Also, despite being examined as risk factors, some of 

these variables have also been examined as consequences of fatigue. For example, in the 

study by Franklin and Harrel (2013), higher fatigue scores predicted higher depression (β 

= .43, p < 0.01), and significantly increased odds of poor sleep (OR = 1.57) (Overcash et 

al., 2018). Hence, it can be argued that risk factors or predictors such as physical activity, 

hospital admission rate, depression, pain, and sleep not only influence fatigue, but are 

also impacted by this symptom. 

Fatigue impacts older individuals on multiple levels, including physical function, 

ability to fulfill social roles, as well as cognitive function. In addition, it negatively 

influences one’s perception of health, and quality of life. Hence, preventing or managing 

fatigue effectively is key for the prevention of these undesirable consequences that 

significantly impact older individuals’ state of mind and body. 

Summary 

This review highlighted the influencers of fatigue, its outcomes, and presented an 

overview of the use of the Theory of Unpleasant Symptoms (TUS) in different 

populations and research areas. The influence of a number of risk factors on fatigue was 

supported. Physiological influencing factors included age, number of comorbidities, 

gender, sleep, and pain, although findings on age-fatigue association did not align. There 

was consensus in findings in what relates to psychological factors, whereby depression 

and anxiety were shown to be significant predictors of fatigue in all studies. Lastly, 

findings were in alignment on situational risk factors like education, economic status, 

sensory impairment (SI), medication use, rate of hospital admission, and physical 

activity, but not on race/ethnicity and marital status.  
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TUS-based consequences related to fatigue included performance outcomes on 

physical, social, and cognitive levels. Physical performance was operationalized as the 

ability to perform daily activities and functional independence, while social performance 

as a decline in ability to perform social roles and activities, as well as satisfaction with 

social roles. Findings on physical and social performance outcomes were in alignment, 

unlike that of cognitive performance. In the case of the latter, some studies found a 

positive association between fatigue and memory, which did not hold true in other 

studies. Lastly, other consequences of fatigue that do not reflect performance per se were 

also examined in relation to fatigue, and included perceived health and QOL. As 

discussed above, some influencing factors of fatigue can also be regarded as fatigue 

outcomes. This is important, as it further builds on the significance of proper fatigue 

management, which would help minimize the burden of multiple outcomes associated 

with the experience of fatigue. 

Studies using TUS as a theoretical framework have focused on one particular 

population, which limits generalizability. As mentioned earlier, fatigue is a manifestation 

of underlying physiological processes that are common in multiple chronic conditions. 

Hence, examining fatigue correlates in more than one chronic disease is plausible. This is 

further supported by the fact that findings on risk factors and consequences of fatigue 

were in alignment, despite being examined separately in different chronic conditions.  

In addition, researchers using TUS in more than one study had modified the 

outcome of interest to represent psychological or subjective outcomes like depression or 

quality of life, rather than objective performance measures presented in the theory. One 

study showed that functional performance, one of the outcomes in TUS, was a mediator 
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between fatigue and QOL. However, the mediating role of the other TUS outcomes 

(cognitive performance, social performance) were not examined as potential mediators. 

The inclusion of QOL as an additional outcome is plausible based on the findings of this 

literature review as well, as not all consequences of fatigue were performance-based. 

However, rather than the substitution of performance with QOL, its addition to TUS 

would help identify and treat fatigue outcomes associated with QOL. For example, in one 

study, social performance was found to be an outcome of fatigue, and a risk factor for a 

poor QOL. Thus, examining the mediating role of all performance-based outcomes 

(physical, functional, cognitive), and perceived health ratings on QOL would be valuable 

in enhancing the QOL of older individuals experiencing fatigue. 

Another gap identified in this review was the examination of some, but not all, 

parts of the theory. Some studies focused on influencing factors alone, without examining 

the consequences associated with fatigue (Liu et al., 2006; Reishtein, 2005). In other 

cases, fatigue consequence was modified to QOL, with focus on only one particular risk 

factor (So et al., 2013), or with a focus on QOL alone, without examination of risk factors 

(Oh et al., 2018). Thus, a comprehensive model investigating all risk factors and 

performance outcomes of fatigue highlighted in TUS, without a focus on one particular 

chronic disease, is lacking. If examined, this would help direct the attention of healthcare 

providers, family members, and carers to more than one risk factor, significantly 

increasing chances of successful prevention and management of fatigue in older adults 

with different chronic diseases, in addition to the disease-specific triggers that vary 

among older individuals. Also, identifying the extent to which fatigue influences 
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performance and subjective outcomes would inform care providers about situations in 

which screening for fatigue would be recommended. 

Therefore, the proposed research study will help fill in these gaps through the 

following. First, all influencing factors (physiological, psychological, situational) will be 

examined in relation to fatigue in older individuals, without a focus on a chronic disease 

in particular. This simultaneous examination would account for the covariance between 

different predictors of fatigue which were not included in previous studies, and help 

identify the proportion of variance explained by the included risk factors, and provide a 

sense of the unexplored variables for future research considerations. Second, variables 

around which findings did not align (age, race/ethnicity, marital status) will be included, 

which would help clarify the ambiguity around the association between fatigue and these 

variables. Third, the strength of the relationship between fatigue and all performance 

outcomes (physiological, functional, and cognitive), in addition to perceived health and 

quality of life will be examined. Third, the mediating role of all outcomes on the 

relationship between fatigue and quality of life will be examined. Accordingly, 

interventions can be directed to improve outcomes that strongly predict QOL, which 

would improve QOL of older individuals. 
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CHAPTER 3 

METHODS 

Introduction 

Evidence from the previous chapter highlighted gaps and inconsistencies in 

findings, upon which research questions and hypotheses were identified for further 

investigation. In this chapter, the research questions and hypotheses guided the study, and 

the statistical methods used for examining the hypotheses are presented. In addition, since 

a secondary data source was used to answer the research questions, an overview of the 

secondary analysis method, and a detailed description of the dataset is presented. 

Research Design 

A non-experimental, quantitative, cross-sectional exploratory study design was 

utilized through secondary data analysis (SDA), using the Patient-Reported Outcomes 

Measurement Information System-Health Utilities Index (PROMIS-HUI, Version 1.1) 

(Cella, 2017). In SDA, the researcher analyzes an existing dataset for a purpose other 

than that for which data was collected in the first place. SDA has become firmly 

embedded in nursing research as a means to move the nursing profession forward, 

improve patient care, health care delivery, and health policy (O’Connor, 2020).  

Data Source 

This is a publicly available dataset that consists of 150 items on socio-

demographic data, comorbidities, PROMIS global form, PROMIS profile measures on 

seven domains, consisting of emotional distress (ED), fatigue, physical function, pain, 

sleep, social participation, and cognition, in addition to the HUI. PROMIS profiles 

domains were administered in a random manner, but the instruments within each domain, 
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as well as the items in the HUI were administered in a fixed order. However, items within 

individual PROMIS profile instruments were administered in a random order (See Table 

3.1). 

Table 3. 1: Instruments used in PROMIS-HUI Dataset. 

Domain Instrument Item 

 Socio-demographic and clinical questions 12 

 PROMIS Global Health 10 

Emotional Distress 

PROMIS ED-Anxiety 8 

PROMIS ED-Depression 8 

PROMIS ED-Anger 8 

Fatigue 
PROMIS Fatigue (Experience) 8 

PROMIS Fatigue (Impact) 8 

Physical Function PROMIS Physical Function (v1.1) 18 

Pain 
PROMIS Pain Intensity 3 

PROMIS Pain Interference 9 

Sleep 
Sleep Disturbance 8 

Sleep-related Impairment 8 

Social 

PROMIS Ability to Participate in Social Roles 

and Activities (v2.0) 
8 

PROMIS Satisfaction with Social Roles and 

Activities (v2.0) 
8 

Cognition 
PROMIS Cognitive Function 8 

PROMIS Cognitive Function-Abilities 8 

 
Health Utilities Index (HUI) 17 

 Total 157 

 

Study Sample 

Recruitment 

Participants in this study were recruited from an online internet survey company, 

“Opinions 4 Good” (Op4G). This platform maintains a panel of 152,000 respondents of 

different demographic backgrounds that is readily available for researchers (Opinions 4 

Good, 2020). For PROMIS-HUI, respondents were selected such that they were 
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representative of the 2010 U.S. Census, despite analysis later showed that the selected 

sample was sicker than the general U.S. population (Hays et al., 2016). Eligibility criteria 

included being 18 years of age or older, English-speaking, part of the U.S. general 

population, and enrolled in the Op4G panel. To recruit participants, an email was sent to 

members of the panel notifying them of a new survey opportunity. Interested participants 

filled out a consent form, followed by a survey consisting of nearly 150 items, and were 

compensated with an incentive provided by Op4G, which did not exceed 10 USD. The 

study was approved by the appropriate Institutional Review Board, the details of which 

were not explicitly mentioned. 

Demographics 

 The original sample in the dataset consisted of n = 3000 respondents, 1458 

(48.6%) of which were males, and 729/3000 (24.3%) were individuals above the age of 

60. Only 16.6% of respondents were of Hispanic/Latino ethnic backgrounds, 16.6% were 

black race, 9.3% were Asian, 1.6 % were American Indian, Alaska Native, Native 

Hawaiian or other Pacific Islanders, while the remaining 2.6% were of other/mixed races. 

In terms of geographic location, the majority (37%) were from the South, the minority 

was from the Northeast (18%), while the rest were from the West (33%) and the Midwest 

(20%). Only 14% of participants had less than a high school degree, while the rest varied 

between having a high school degree (31%), vocational program/ associate/technical 

degree (28%), or a college/advanced degree (27%). Of the chronic diseases/health history 

reported, hypertension was the most common (34%), followed by Rheumatoid Arthritis 

(RA) (20%), and rest of chronic diseases varied between asthma, migraines, diabetes, 

angina, cancer, lung, heart, liver, and/or kidney disease (Hays et al., 2016). For this study, 
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only individuals above the age of 60 were included, as all the research questions 

pertained to fatigue in older individuals. 

Study Measures 

The independent variables hypothesized expected to influence fatigue included 

physiological, psychological, and situational factors. Fatigue, a multidimensional 

symptom, was also hypothesized to predict performance outcomes, perceived health, and 

quality of life (QOL). The operational definition of these variables, and the corresponding 

items that measure them are presented in the Table 3.2. (Refer to Ch.1 for theoretical 

definitions). 

Table 3. 2: Operational Definitions/Items Measuring Variables in this study 

 Domain Variable Type Operational Definition (no. of 

items) 

Influencers 

Physiological 

Age Interval/ratio Age in years 

Gender Nominal Male/female 

No. of 

comorbidities 
Interval/ratio 

Total number of reported chronic 

diseases  

(high blood pressure, chest pain, 

coronary artery disease, heart 

failure, heart attack, stroke, liver 

disease, kidney disease, arthritis, 

headaches/migraines, asthma, lung 

disease, diabetes, cancer, 

depression, anxiety, alcohol/drug 

problem, sleep disorder, HIV, 

spinal cord injury, multiple 

sclerosis) 

Pain Interval/ratio 
PROMIS pain intensity (3) 

PROMIS pain interference (9) 

Sleep Interval/ratio 
Sleep disturbance (8) 

Sleep-related impairment (8) 

Psychological 
Depression Interval/ratio PROMIS ED-Depression (8) 

Anxiety Interval/ratio PROMIS ED-Anxiety (8) 

Situational 

Race Nominal 

White 

Black or African-American 

Asian 

American Indian or Alaska Native 

Native Hawaiian or Pacific 

Islander 

Other 

Marital Status Nominal Never married 

Married 



 

35 

 

Previously married (separated, 

widowed, divorced) 

In a committed relationship 

Education Nominal Below high school 

High school/GED 

Some college/technical degree 

College degree 

Advanced degree 

Hospitalization Interval/ratio Frequency of hospital stay in the 

past 12 months (1) 

Sensory 

impairment 

Interval/ratio Hearing 

Able to hear what was said in a 

group conversation with at least 

three other people (1) 

Able to hear what was said in a 

conversation with one other 

person in a quiet room (1) 

 

Vision 

Able to see well enough to read a 

newspaper (1) 

Able to see well enough to 

recognize a friend on the other 

side of the street (1) 

Symptom Fatigue  Interval/ratio PROMIS fatigue experience (8) 

PROMIS fatigue impact (8) 

Outcomes 

Performance 

Functional 

performance 

Interval/ratio Physical 

PROMIS physical function (18) 

Social 

PROMIS ability to participate in 

social roles and activities (8) 

PROMIS satisfaction with social 

roles and activities (8) 

Cognitive 

performance 

Interval/ratio PROMIS cognitive function (8) 

PROMIS cognitive function-

abilities (8) 

Perceived 

health 

 Interval/ratio Overall physical health (1) 

Overall mental health (1) 

Quality of life  Interval/ratio Poor, fair, good, very good, 

excellent 

 

Race, marital status, educational level, as well as gender (physiological factor) 

were nominal level variables. All others were either interval/ratio level variables, or 

ordinal level variables treated as continuous. 

Non-PROMIS continuous measures included age, number of comorbidities, 

hospitalization, sensory impairment (SI), perceived health, and QOL. Age was based on a 

self-report of the number of years lived, while number of comorbidities was based on the 
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presence (1) or the absence (0) of the listed chronic diseases. Hospitalization was 

operationalized as self-reports of the frequency of hospital stay in the last 12 months. SI 

was based on the score of four items reflecting vision impairment (2 items) and hearing 

impairment (2 items). Scores for SI ranged between 0 and 4, higher scores reflecting a 

higher level of SI. Perceived health was based on the score of two items that assess 

subjective ratings of physical and mental health. Each of these items was based on a 5-

point Likert scale, resulted in a summative score ranging from 0 to 10. Lastly, QOL was 

based on one item only, the response to which ranges from “poor” to “excellent”. This 

variable was treated as a continuous variable. (Table 3.2).  

All remaining variables were measured using PROMIS measures. These are based 

on 5-point Likert scales, whereby higher scoring reflects more of the measured concept. 

In some cases, higher scores reflect a desirable outcome (physical function, social 

participation), while in others, and undesirable outcome (fatigue, pain). PROMIS 

measures are publicly available, and can be accessed at Intro to PROMIS 

(healthmeasures.net). 

Fatigue 

A total of 16 items were selected from PROMIS item bank - v.1.0 – fatigue, 

which included eight items on fatigue impact (FATIMP3, FATIMP16, FATIMP21, 

FATIMP30, FATIMP33, FATIMP39, AN3), and eight items on fatigue experience 

(FATEXP18, FATEXP20, FATEXP35, FATEXP40, FATEXP41, HI7, HI12). Response 

options included were “not at all” (1), “A little bit” (2), “Somewhat” (3), “Quite a bit” 

(4), “Very much” (5). The reliability and construct validity of PROMIS-fatigue short 

forms have been supported in individuals with heart failure, chronic obstructive 
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pulmonary disease, back pain, arthritis, depression, and cancer (Cella et al., 2016; Flynn 

et al., 2015). The total score of these 16 items, combined, was used as the operational 

definition of fatigue in this study. 

Pain 

PROMIS short form v1.0 - pain intensity 3a, and nine items from the PROMIS 

item bank v1.1 - pain interference were used to measure pain in this PROMIS-HUI 

dataset. The selected nine items included PAININ3, PAININ8, PAININ9, PAININ10, 

PAININ11, PAININ14, PAININ22, PAININ31, and PAININ34. Research has supported 

the validity of the interference short form, comprised of 12 items (Broderick et al., 2013), 

but not that of the select items. In this study, pain was operationalized as the sum of 

scores of pain intensity and pain interference. 

Sleep 

This variable was operationalized as the sum of scores from sleep disturbance and 

sleep-related impairment items selected from their respective item banks. Items selected 

from sleep disturbance item bank for the original study included SLEEP20, SLEEP44, 

SLEEP67, SLEEP90, SLEEP108, SLEEP109, SLEEP115, SLEEP116. The other eight 

items from the item bank for sleep-related impairment included SLEEP6, SLEEP7, 

SLEEP10, SLEEP25, SLEEP27, SLEEP29, SLEEP30, and SLEEP33. The reliability and 

validity of sleep disturbance and sleep-related impairment item banks has been supported 

in individuals with different health conditions, with and without sleep problems (Yu et 

al., 2011).   

Depression 
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Although depression and anxiety are indicators of emotional distress, each was 

included separately rather than as a total score of emotional distress. The reason for this is 

because depression has been extensively examined as a correlate of fatigue, both as a risk 

factor and as an outcome. Thus, one of the aims of this study was to examine the 

association between fatigue and depression particularly, excluding other domains of 

emotional distress. In this study, depression was operationalized as the sum of scores of 

the eight items selected from PROMIS item bank v.1.0 Emotional Distress – Depression, 

which included EDDEP04, EDDEP05, EDDEP06, EDDEP17, EDDEP22, EDDEP29, 

EDDEP36, and EDDEP41. PROMIS Depression item bank questions, and these selected 

eight items particularly, have demonstrated a high internal consistency, and adequate 

factor loadings (Nolte et al., 2019), which supports their reliability as depression 

measures. 

Anxiety 

This is another variable that constitutes PROMIS emotional distress. In this study, 

anxiety was operationalized as the total score obtained from responses to eight items 

selected from PROMIS emotional distress v.1.0 Emotional Distress – Anxiety item bank, 

including EDANX01, EDANX05, EDANX30, EDANX40, EDANX41, EDANX46, 

EDANX53, and EDANX54. PROMIS Anxiety short form has shown to be a reliable tool 

for the measurement of anxiety in older individuals of different ethnic groups (Teresi et 

al., 2016). 

Social Performance 

This construct was operationalized as the sum of scores on eight items selected 

from PROMIS ability to participate in social roles and activities (SRA) v.2.0 item bank, 
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and eight items from PROMIS satisfaction with SRA v2.0 item bank. Ability to 

participate in SRA included SRPPER11CaPS, SRPPER14r1, SRPPER15CaPS, 

SRPPER18CaPS, SRPPER23CaPS, SRPPER26CaPS, SRPPER28r1, and 

SRPPER46CaPS. Satisfaction with SRA was measured by the following eight items: 

SRPSAT06r1, SRPSAT09r1, SRPSAT33r1, SRPSAT33CaPS, SRPSAT34r1, 

SRPSAT45CaPS, SRPSAT46CaPS, and SRPSAT49r1. Both item banks have shown to 

have good internal consistency in individuals with rheumatoid arthritis when 

administered in computer adaptive testing (Bartlett et al., 2015).  

Physical performance 

This was operationalized as the total sum of scores on 18 items selected from 

PROMIS v2.0 item bank - Physical function. These items included PFA16r1, PFA17, 

PFA29r1, PFA38, PFA44, PFA53, PFA54, PFB21r1, PFB33, PFA10, PFA11, PFA15, 

PFA21, PFA23, PFB9, PFB10, PFB24, and PFB42. The psychometric properties of 

PROMIS Physical Function item bank have been supported in a number of studies (Crins 

et al., 2018; Oude Voshaar et al., 2015).  

Cognitive performance 

This was operationalized as the total sum of scores on 16 items, eight of which 

were on cognitive function, and the rest were on cognitive function-abilities. The 

questions were chosen from PROMIS item bank - Cognitive Function v2.0, and PROMIS 

item bank – Cognitive Function-abilities v2.0 respectively. Questions from the latter item 

bank included PC10r, PC39r, PC1r, PC42r, PC36r, PC2r, PC8r, and PC26r, and those 

from the former question bank included PCCaPS12r, PC6r, PCCaPS3r, PC47_2r, 

PC43_2r, PC45_2r, PC44_2r, and PCCaPS22r. The reliability of PROMIS Cognition 
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short form, which includes some of these items, has been supported (Fieo et al., 2016; 

Saffer et al., 2014).  

Data Analysis Plan 

A number of statistical analysis techniques were utilized to answer the research questions 

in this study, using Stata IC (2019, Version 16). Significance was set at α = .05, and 

power was calculated after determining the final sample size (exclusion of individuals 

below the age of 60). Research questions examined in this study, and the statistical 

procedures conducted to answer each of the questions, are presented below. 

Research Question 1 

To what extent do each of the physiological (age, gender, number of 

comorbidities, pain, sleep), psychological (depression, anxiety), and situational (race, 

marital status, education, hospitalization, sensory impairment) factors predict fatigue in 

older individuals? 

To answer this research question, multiple linear regression was used. All risk 

factors were entered simultaneously into the regression model as independent variables, 

and fatigue was entered as the dependent variable (see path model below). The beta 

coefficient of each of the variables were evaluated, as well as the R2, which is a measure 

of the percentage of explained variance in fatigue by the risk factors included in the 

model 1.  

Model 1 

Age, gender, number of comorbidities, pain, sleep, depression, anxiety, marital 

status, education, sensory impairment, race, hospitalization → fatigue 

Research Questions 2&3 
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To what extent does fatigue influence functional performance (physical and 

social), cognitive performance, perceived health, and quality of life (QOL)? Do the 

above-mentioned consequences of fatigue (i.e., physical performance, social 

performance, cognitive function and perceived health) mediate the effect of fatigue on 

QOL?  

For research questions 2 & 4, path analysis was used to examine the consequences 

of fatigue, and the mediating effects of fatigue outcomes on the relationship between 

fatigue and QOL. Path analysis is a special case of structural equation models (SEM), and 

the two terms are used interchangeably in the literature. SEM involves the evaluation of 

path models, and may also include measurement models. Path models are those depicting 

the relationship between observed variables, while measurement models involve the 

evaluation of latent (unobserved) variables through their indicators (observed variables), 

using confirmatory factor analysis (CFA) (Lei & Wu, 2007). In this study, only path 

analyses were used, as all variables were observed, and not latent.  

SEM represents an extension of general linear models (GLM), including 

regression, and ANOVA, which takes a confirmatory approach to test proposed 

hypothesis (Lei & Wu, 2007). SEM has a number of advantages over GLM questions. 

First, in the former, variables are not categorized as independent or dependent, as a 

variable can be examined both as an independent or a dependent variable in different 

equations of the model (Baron & Kenny, 1986). Second, SEM allows the examination of 

multiple mediators at once, which was the case of the proposed model in this study, 

rather than having to combine the results of multiple equations to assess for mediation 

(Gunzler et al., 2013). Third, SEM allows for the examination of the suggested model fit 
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(Gunzler et al., 2013), according to which relationships between variables can be 

modified, if needed, for a better model fit. 

To answer research questions that address consequences of fatigue and mediating 

effects of these outcomes on QOL, path analyses was conducted in two models (model 2 

and model 3). 

Model 2 

1) Fatigue → physical performance, social performance, cognitive performance, 

perceived health 

2) Fatigue, physical performance, social performance, cognitive performance, perceived 

health → QOL 

The resultant beta coefficients of the variables of interest and their significance 

were evaluated, which revealed both direct and indirect effects (mediation). In addition, 

the overall model fit was evaluated using Chi-square test (X2), the comparative fit index 

(CFI), the Tucker–Lewis index (TLI), the root mean squared error of approximation 

(RMSEA), and the standardized root mean squared residual (SRMR). In model 3, paths 

evaluated in models 1 and 2 were combined, with the aim of examining the net impact of 

fatigue on its outcomes, and of the impact of outcomes on QOL, while controlling for all 

the risk factors previously examined. 

Model 3 

1) Age, gender, number of comorbidities, pain, sleep, depression, anxiety, marital status, 

education, sensory impairment, race, hospitalization → fatigue 

2) Fatigue → physical performance, social performance, cognitive performance, 

perceived health 
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3) Fatigue, physical performance, social performance, cognitive performance, perceived 

health → QOL 

4) Age, gender, number of comorbidities, pain, sleep, depression, anxiety, marital status, 

education, sensory impairment, race, hospitalization → physical performance, social 

performance, cognitive performance, perceived health, QOL 

Similar to the model 2, beta coefficients and fit indices of model were be 

evaluated, and compared to those in model 2. The resultant differences in these 

coefficients were interpreted as being a result of the impact of all the covariates added to 

the final model. In other words, this model revealed a more accurate estimation of 

outcomes and mediation effects, and the acceptance or the rejection of their respective 

hypotheses. Figure 3.1 depicts the paths examined in this study (paths between covariates 

are excluded for simplicity). 

Research Question 4 

Does gender moderate the relationship between the number of comorbidities and 

fatigue? 

For this research question, two-way Analysis of variance (ANOVA) was 

conducted, as both independent variables are nominal level measures. The outcome 

variable was fatigue, while number of comorbidities and gender were entered as 

independent variables. The number of comorbidities was dichotomized into “high” – 

more than two comorbidities – and “low” – less than two comorbidities. The effect of this 

moderation, if significant, was to be examined using eta squared (η2). 

Literature findings showed that being a female was a significant predictor of 

fatigue. However, only one study investigated the moderating role of gender on the 
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relationship between the number of comorbidities and fatigue. The aim of this question 

was to further investigate the moderating role of gender, to support/refute previous 

findings.  

Limitations 

Secondary data analysis (SDA) has a number of advantages, for which researchers 

have been utilizing it as a methodology to answer different research questions. These 

include overcoming the challenge of recruiting populations that are hard to access, 

especially in times of a global pandemic, such as COVID-19, during which primary data 

collection would be targeted to research studies aimed at managing the pandemic. Other 

benefits of SDA include minimizing or avoiding respondent burden in over-researched 

groups, enhancing researcher objectivity, and saving time and cost (O’Connor, 2020). 

However, SDA has its limitations that need to be acknowledged. First, since data was 

collected for other purposes, some variables that would be important to answer the 

secondary research question can be missing (Cheng & Phillips, 2014). Second, the de-

identification of respondent data, such as zip codes, occupation, and income could result 

in the elimination of important covariates that might have influenced findings. Third, the 

researcher analyzing the secondary data would not be aware of the specific nuances at the 

time of data collection, which can sometimes influence the way data is interpreted 

(Cheng & Phillips, 2014). Lastly, important information about data can be missed due to 

improper or lengthy documentation. The latter problem can be minimized by succinct 

documentation of data by the data collection team, and an in-depth examination of all 

relevant documentation by the user (Cheng & Phillips, 2014). 
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In what relates to the utilized data source, strengths of PROMIS-HUI dataset 

included a large sample size (N=3000), a proportionate representation of the U.S 

population based on 2010 U.S. Census, no specific inclusion or exclusion criteria 

(chronic diseases), which made findings generalizable to older individuals with different 

chronic diseases, and the use of reliable, valid items to measure various concepts. 

However, it was not clear whether items from various item banks were chosen randomly, 

and why short forms, the reliability and validity of which has been supported, were not 

chosen instead. Another limitation was the lack of data on the response rate, and a 

comparison between characteristics of respondents and non-respondents to examine for 

risk of non-response bias (Lindner et al., 2001). 

In addition to SDA-related limitations, this research study had a number of 

limitations that should be acknowledged. First, the examined paths in this model do not 

infer causality, and thus results should be interpreted with this consideration in mind. 

Second, gender was a binary variable, a considerable limitation which hinders 

transferability of findings to non-binary older adults. Also, as highlighted in Chapter 2, 

medication use, physical activity, social support, and others have been examined as 

predictors of fatigue. However, this dataset did not include any data on these variables. 

Hence, these risk factors were excluded from this study. Third, this was a one-time 

survey, and thus test-retest reliability could not be examined. Fourth, although the sample 

was chosen such that it reflects the U.S Census Bureau 2010, there was still a risk of self-

selection bias. Fifth, some variables of interest (QOL, hospitalization rate, perceived 

health) were operationalized as the score on one or two items, which limited their 

reliability. Lastly, the theory of unpleasant symptoms (TUS) depicts another level of 
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relationship in which the symptom itself impacts its influencing factor through a feedback 

loop (refer to Chapter 1 for a diagram of TUS), and fatigue outcomes, in their turn, 

impact fatigue and the influencing factors. Based on the suggested feedback loops, 

fatigue, in its turn, would impact pain, sleep, depression, sensory impairment, and 

anxiety. In addition, fatigue outcomes would impact the experience of fatigue. These 

relationships were beyond the scope of this study, and thus were not examined. 

Methods Summary 

In this chapter, the research questions examined, the dataset used, the variables 

included, and the operationalization of the variables were presented. In addition, the data 

analysis utilized to answer each research question, and the limitations of the suggested 

methodology were presented and discussed. Results of the statistical analyses highlighted 

here are presented in Chapter 4, Results. 

Figure 3. 1: Diagram Representing the Proposed Fatigue Model 

 

Com: co-morbidities; dep: depression; anx: anxiety; mar: marital status; educ: education; hosp: 

hospitalization; SI: sensory impairment 
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CHAPTER 4 

RESULTS 

 The purpose of this research study was to address four aims, based on the Theory 

of Unpleasant Symptoms (TUS), through secondary data analysis (SDA). The first aim 

was to identify the physiological, psychological, and situational risk factors of fatigue in 

older individuals with chronic diseases. Physiological factors identified in the literature 

included age, number of comorbidities, gender, pain, and sleep. Psychological factors 

included depression and anxiety, while situational factors included race, educational 

background, marital status, number of hospitalizations, and sensory impairment (SI), 

which included hearing and vision impairments.  

 The second aim was to examine effect of fatigue on cognitive, physical, and 

social performances, as well as perceived health, while the third aim was to investigate 

whether any of these outcome variables/consequences mediated the relationship between 

fatigue and quality of life (QOL). Lastly, the fourth aim was to examine whether gender 

moderates the relationship between number of comorbidities and fatigue.  

 In this chapter, data was examined for meeting assumptions of different statistical 

tests, after which various statistical analyses including Pearson’s correlation, ANOVA, t-

tests, multiple linear regression, and path analyses were conducted to answer the four 

research questions in this study. The tabular and graphical representations of the 

examined assumptions, as well the results obtained from statistical analyses, are 

presented below.  

IRB Approval and Acquisition of Data 
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The institutional review board (IRB) at the University of Massachusetts 

determined that this project does not involve intervention or interaction with individuals, 

or does not use identifiable private information [45 CFR 46.102(f)(1), (2)]. Thus, no 

additional review was needed. The memorandum provided by the IRB to the researcher is 

included in Appendix A. 

Dataset Preparation 

PROMIS-HUI dataset was examined for missing data points. Descriptive analyses 

showed that missing data were not systematic, and do not represent a threat to the internal 

validity of study findings. Data for 20 participants were deleted due to inaccurate data 

entry (unrealistic numbers). Of the remaining sample of n=2980, those below the age of 

60, and two participants who had missing data points for “quality of life” were excluded, 

rendering the final sample size n = 725. All statistical procedures in this study were 

carried out using Stata IC (2019, Version 16). 

Assumptions Checking 

 Path analysis is based on a series of linear regressions. Accordingly, all 

assumptions of linear regression were tested to ensure that the appropriate tests are used, 

and that reported data is accurate and valid (Verma & Abdel-Salam, 2019). The tested 

assumptions included normality of residuals of outcome variables, homoscedasticity, 

linearity, and absence of multicollinearity. In this study, the outcome variables were 

fatigue, physical performance, social performance, cognitive performance, perceived 

health, and QOL. Although the latter two were treated as continuous, they will not be 

tested for these assumptions due to their narrow range which makes assumption-checking 

not very informative.  
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Assumption of Normality 

According to the central limit theorem (CLT), when the sample size is large 

enough (n > 30), the random selection of samples from that given sample yields a normal 

distribution, even if the distribution of variables in the original sample was skewed 

(Verma & Abdel-Salam, 2019). In this case, a sample size of n = 727 renders the 

parametric tests robust to violations of this assumption. Despite that, normality of 

residuals was examined. Shapiro-Wilk test was conducted, in addition to a visual 

presentation (histogram) of the distribution of the six outcome variables.  

To meet the assumption of normality, the p-value of the Shapiro-Wilk test should 

be more than 0.05 (failing to reject the null hypothesis that the distribution of the residual 

is normal). In this case, all p-values, except for that of QOL and perceived health, were < 

0.05, indicating that the distributions of the residuals of these variables were not normal 

(Table 4.1). In addition to Shapiro-Wilk test, Quantile-Quantile (Q-Q) plots were used to 

visualize the extent to which the distributions of the residuals of different variables in this 

sample deviate from normality. A Q-Q plot is commonly used to decide whether a 

univariate sample of a given size comes from a specified distribution (Das & Resnick, 

2008), by comparing it to the specified theoretical distribution (straight line). The 

examination of the visual outputs (Q-Q plots) of the residuals of all six dependent 

variables (DVs) highlighted that these were only slight deviations from normality.  

Table 4. 1: Shapiro-Wilk Tests for Normality of Residuals of Outcome Variables (n = 

725) 

Variables W P 

Fatigue 0.98 < .001 

Physical performance 0.99 < .001 
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Social performance 0.99 < .001 

Cognitive performance 1.00 .02 

Perceived health 1.00 .07 

Quality of life 1.00 .55 

 

Despite the results of Shapiro-Wilk tests for normality which showed that four out 

of six DVs were not normal, it was determined that there were no serious deviations from 

normality. In addition, the large sample size would make the tests robust to violations of 

normality. Hence, it was deemed safe to assume that the assumption of normality was 

met. 

Assumption of Homoscedasticity 

 This assumption requires that the residuals of above-mentioned outcome variables 

exhibit a similar variance across different levels of the independent variable (IV). To test 

this assumption, Breusch-Pagan/Cook-Weisberg test for heteroskedasticity was 

conducted (Table 4.2), in addition to “fitted vs residual” graphs of the six outcome 

(dependent) variables. In this study, fatigue was both the IV and the DV, depending on 

the part of the model being examined. 

Table 4. 2: Breusch-Pagan / Cook-Weisberg Test for Heteroskedasticity of Outcome 

Variables (n = 725) 

Outcome variable X2 P-value 

Fatigue 23.84 < .001 

Physical performance 33.89 < .001 

Social performance 0.84 .36 

Cognitive performance 12.73 < .001 

Perceived health 14.25 < .001 

Quality of life 0.99 .32 
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 In the first part of the model, fatigue was the dependent (outcome) variable, while 

age, number of comorbidities, pain, sleep, depression, anxiety, number of 

hospitalizations, and sensory impairment were the continuous IVs. Thus, for this model, 

the assumption of homoscedasticity for the outcome variable fatigue was examined in 

relation to all these IVs, entered into the regression equation simultaneously. The fitted vs 

residual plot of the fatigue as the outcome variable is presented in Figure 4.1 (1st graph on 

the left). For all other parts of the model, fatigue was the IV, while physical performance, 

social performance, cognitive performance, perceived health, and QOL were the 

dependent (outcome) variables respectively. The “fitted vs residuals” plots of each of 

these outcome variables are also presented in Figure 4.3.2.  

Figure 4. 1: Fitted vs Residual Plots of Outcome Variables and Their Predictors 

 
                                   DV: Fatigue    DV: cognitive performance 

               IV: age gender number of comorbidities,                                  IV: fatigue 

       pain, sleep, depression, anxiety, race, education, 

     marital status, number of hospitalizations, sensory 

                                 impairment 
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DV: perceived health    DV: physical performance 

        IV: fatigue      IV: fatigue 

 
  DV: quality of life           DV: social performance 

         IV: fatigue        IV: fatigue 

 

The graphs of the two variables “perceived health” and “quality of life” looked 

different in that they did not form a horizontal line around the line y = 0. This might be 

because of their narrow range (1-10 and 1-5, respectively), and having only one IV 

(fatigue) to predict their respective scores. The tests revealed that residuals of fatigue, 

physical performance, cognitive performance, and perceived health were heteroskedastic, 

while those of the remaining two variables were homoscedastic. The visual 

representations also confirmed the tests (Figure 4.1).  

Homoscedasticity is important for accuracy of findings. Significant violations to 

this assumption impact the accuracy of statistical estimates, and increases chances of 

Type I error. That is, rejecting a true null hypothesis, by finding a significant relationship 
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when between two variables, when in reality, the relationship is insignificant. Luckily, 

there are a number of ways to overcome the problem of heteroscedasticity, one being the 

use the “robust” option when conducting the regression and path analyses. This option 

was chosen in this study to enhance accuracy of findings. 

Assumption of Linearity 

 For this assumption to be met, the relationship between the IV and DV should be 

linear (Osborne & Waters, 2002; Verma & Abdel-Salam, 2019). That is, for every 

increase (or decrease) in x, y increases (or decreases). To test the assumption of linearity, 

residual vs fitted plots of all outcome variables were produced. To meet this assumption, 

the scatterplots of the residuals of the DV should depict a linear pattern rather than a 

curvilinear one (Osborn & Waters, 2002). Regression analysis cannot be conducted 

unless the assumption of linearity is met.  

 The linearity between the outcome variables physical performance, social 

performance, cognitive performance, quality of life, and fatigue was examined in the 

scatterplots in Figure 4.1. The graphs showed that the residuals “bounce” randomly 

around the line y = 0. That is, the scatterplots do not depict a “U” shaped pattern of the 

residuals, which would implicate a non-linear relationship. Therefore, the relationship 

between the respective dependent (outcome) variables and fatigue (as an IV) was linear.  

In what pertains to the relationship between fatigue as a DV, and its eight 

continuous predictors (depression, pain, sleep, number of comorbidities, anxiety, age, 

hospitalization, and sensory impairment), the graphs of the respective bivariate 

relationships are presented in Figure 4.2. Based on the scatterplots, the relationship 

between fatigue and its predictors, except for number of hospitalizations, was linear. The 
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scatterplot for number of hospitalizations showed that the relationship between this 

variable and fatigue is not linear, nor homoscedastic. For that, number of hospitalizations 

was dichotomized into two categories: individuals hospitalized twice or less in the past 

12 months, and those hospitalized more than twice in the past 12 months. The cut-off 

level 2 was based on the average rate of hospitalization per community-dwelling older 

adult (Gjesten et al., 2018). 

Figure 4. 2: Residual vs Fitted Plot of Fatigue and its Six Individual Predictors 

Respectively 

 
                                     Age                                                         Anxiety 

 
         Number of comorbidities               Depression 
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     Number of hospitalizations                                            Pain 

 
          Sensory Impairment                                             Sleep 

Absence of Multicollinearity 

 This assumption pertains to the concept of independence between the independent 

variables. That is, the correlation between the independent variables should be low.  

Multicollinearity is examined by the “tolerance” test and variance inflation factor (VIF), 

the latter being the reciprocal of tolerance. Higher tolerance values suggest lower 

multicollinearity, and are hence desirable. On the other hand, VIF values closer to one 

(absence of collinearity) are desired.  

 In this study, a cut-off level of 0.1 was chosen for tolerance levels, as suggested 

by Kuhn and Johnson (2013), which is the equivalent of VIF = 10. In the first model in 

which fatigue was the outcome variable, all tolerance and VIF levels of continuous IVs 

were acceptable, indicating low multicollinearity among them (Table 4.3). In the case of 
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the second model in which QOL was the outcome variable, multicollinearity was 

examined among the four IVs, including perceived health, physical performance, social 

performance, and cognitive performance, the results of which are presented in Table 4.4. 

Similar to the previous model, there was no evidence of multicollinearity among 

independent variables. 

Table 4. 3: Tolerance and VIF of Predictors of Fatigue (n = 725) 

Dependent variable: Fatigue 

Independent variable Tolerance VIF 

Age 0.81 1.24 

Number of comorbidities 0.75 1.33 

Pain 0.40 2.48 

Sleep 0.35 2.84 

Depression 0.28 3.62 

Anxiety 0.27 3.70 

Sensory impairment 0.61 1.65 
 

Table 4. 4: Tolerance and VIF of Predictors of QOL (n = 725) 

Dependent variable: QOL 

Independent variable Tolerance VIF 

Physical performance 0.41 2.46 

Social performance 0.46 2.17 

Cognitive performance 0.51 1.94 

Perceived health 0.47 2.12 

 

 Based on the findings of the tests pertaining to all four assumptions, it was 

determined that residuals of DVs are normally distributed, and the relationship between 

the IVs and DVs is linear, except for that between fatigue and number of hospitalizations. 

This variable was positively skewed, and thus was dichotomized to avoid inaccuracy in 

findings. Data also showed that there was no multicollinearity between IVs, and that 

residuals of cognitive performance and social performance were homoscedastic. 

Regarding fatigue, physical performance, and perceived health, the distribution of their 
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residuals was heteroscedastic. For this reason, the “robust” option for different statistical 

tests was used wherever needed, to account for this heteroscedasticity.  

Results 

Sample Characteristics 

 Of the total sample size (n = 725), the majority of participants were white (n = 

440, 60.69%), and about half were female (n = 400, 55.17%). The average age was 70.18, 

with an age range of 60-88. The majority of participants had either a technical/associate’s 

degree, or a college degree (n = 304; 41.76%), and were married (n = 453,62.48%). 

Participants had an average of 2-3 comorbidities, and the majority (n = 481, 66.34%) had 

not been admitted to the hospital in the past 12 months (Table 4.5). 

Table 4. 5: Sociodemographic Characteristics of Study Sample (n = 725) 

Variable Mean (SD) 

Age 70.18(7.92) 

Number of comorbidities 2.90(2.12) 

Frequency of hospitalization (last 

12 months) 

0.84(4.41) 

 Frequency (%) 

Gender  

Male 325(44.83) 

Female 400(55.17) 

Race  

White 440(60.69) 

Black 183(25.24) 

Asian 93(12.83) 

American Indian/Hawaiian/ 

Pacific Islander/Other 

9(1.25) 

Education  

Less than high school 237(32.55) 

High school or GED 187(25.69) 

Technical degree/Associate’s 

degree 

144(19.78) 

College degree (BA/BS) 160(21.98) 

Marital status  

Never married 74(10.21) 

Married 453(62.48) 

In a committed relationship 32(4.41) 

Separated 7(0.97) 

Divorced 88(12.14) 

Widowed 71(9.79) 
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In terms of descriptive statistics of study variables, participants had mild pain 

with a mean of 27.38 (PROMIS range: 12-60), and moderate levels of sleep problems (M 

= 39.09; PROMIS range: 16-80) and fatigue (M = 38.32; PROMIS range: 16-80). 

Regarding the psychological variables, participants reported low levels of depression and 

anxiety on average. Most participants had no visual or hearing impairments (Table 4.6). 

In what relates to fatigue outcomes, most participants in this study had above average 

physical, social, and cognitive performance levels, and “good” perceived health and 

quality of life on a spectrum ranging from “poor” to “excellent”. 

Table 4. 6: Descriptive Statistics of Study Variables (n = 725) 

Variable Mean (SD) Range [possible range] 

Pain 27.38(12.34) 12-58 [12-60] 

Sleep 38.29(13.40) 18-74 [16-80] 

Fatigue 38.79(14.13) 16-76[16-80] 

Depression 16.78(8.15) 8-40 [8-40] 

Anxiety 17.57(7.75) 8-40[8-40] 

Sensory impairment 0.80(1.25) 0-4 [0-4] 

Physical performance 69.92(18.02) 26-90[18-90] 

Social performance 56.15(15.27) 16-80[16-80] 

Cognitive performance 60.29(13.02) 20-80[16-80] 

Perceived health 6.14(2.16) 2-10[2-10] 

Quality of life 3.00(1.15) 1-5[1-5] 

 

Statistical Analysis 

A number of statistical procedures were conducted to answer the four research 

questions of this study using Stata IC (2019, Version 16.1). Alpha values for all tests 

were set at α = 0.05, and power was calculated for each research question separately. The 

tests conducted and their respective results pertaining to all four research questions are 

presented below. Cronbach’s alpha for all continuous variables was also calculated, and 

findings showed that instruments used in this sample were very reliable (Table 4.7). That 

is, all Cronbach’s alpha coefficients were greater than 0.7.  
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Table 4. 7: Internal Consistency Reliability (Cronbach’s alpha) Measures of Study 

Variables 

Instrument Cronbach’s alpha Number of items 

Fatigue .95 16 

Pain .96 12 

Sleep .94 16 

Depression .95 8 

Anxiety .94 8 

Sensory impairment .79 4 

Physical performance .97 18 

Social performance .95 16 

Cognitive performance .92 16 

Perceived health .80 2 

Quality of life N/A 1 item 
  N/A: not applicable 

Research question 1: To what extent do each of the physiological (age, gender, 

number of comorbidities, pain, sleep), psychological (depression, anxiety), and 

situational (race, marital status, education, hospitalization, sensory impairment (SI)) 

factors predict fatigue in older individuals? 

 To answer this research question, Pearson’s product-moment correlation was 

conducted to examine the association between fatigue (DV), and the hypothesized 

continuous IVs (Table 4.8). Based on the findings, all IVs were significantly correlated 

with fatigue, and thus were entered into multiple linear regression. 

Table 4. 8: Correlation Matrix of Study Variables 

 Fatigue Age Com Pain Sleep Dep Anx SI 

Fatigue 1.00        

Age .19* 1.00       

Com .45* .23* 1.00      

Pain .74* .26* .45* 1.00     

Sleep .76* .23* .43* .72* 1.00    

Dep .68* .24* .41* .67* .71* 1.00   

Anx .68* .27* .42* .67* .73* .83* 1.00  

SI .46* .42* .34* .50* .49* .50* .49* 1.00 
Com: number of comorbidities; dep: depression; anx: anxiety; dep: depression, hosp: number of 

hospitalizations, SI: sensory impairment 
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* p < 0.05 

 

In what relates to categorical variables, including gender, number of 

hospitalizations, education, marital status, and race, t-tests, Kruskal Wallis, Wilcoxon-

Mann-Whitney, and ANOVA were conducted. Prior to conducting t-tests and ANOVA, 

data was checked for homogeneity of variance. This assumption was met for variables 

“race” and “marital status”, and thus one-way ANOVA was conducted. In the case of 

education, this assumption was violated, and thus Kruskal Wallis test, the non-parametric 

version of ANOVA was conducted. For dichotomous variables, the assumption of 

equality of variance was met for gender, and a t-test was conducted. However, for the 

dichotomized variable “number of hospitalizations” (less than two admissions vs three or 

more hospital admissions), this assumption was violated, and thus Wilcoxon-Mann-

Whitney test was conducted. 

Based on findings, fatigue levels were significantly different between white, 

black, and other races (F = 61.42, p < .001). Post hoc analyses showed that there were 

significant differences in fatigue levels between white and black (p < .001), as well as 

white and other races (p < .001), but no significant differences between black and other 

races (p = 1.00). Additionally, Kruskal Wallis test results (X2 = 159.69, p < .001) 

suggested that fatigue levels were significantly different between groups of education 

indicating that. Similarly, based on Mann-Whitney test, levels of fatigue varied 

significantly between individuals who were hospitalized twice or less in the past 12 

months, as compared to those hospitalized three times or more (z = -5.30, p < .001). In 

addition, males reported higher levels of fatigue than females (t = 2.62, p < .01). On the 

other hand, fatigue levels were not significantly different between individuals with 

different marital statuses (F = 1.40, p = .24).  
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To sum up, all variables, except for marital status, were significantly associated 

with fatigue. Hence, all significant variables were simultaneously entered into multiple 

linear regression, using “robust” option to account for heteroscedasticity of some 

variables (discussed above). The results of the regression are presented in Table 4.9. 

Table 4. 9: Multiple Linear Regression of Outcome Variable Fatigue (n = 725) 

 β Unstandardized 

Beta (SE) 

t p-value 

Age -.02 -0.03(.05) -0.66 .509 

Gender (1=male; 2=female) -.01 -0.18(.64) -0.28 .778 

No. of comorbidities .07 0.46(.17) 2.75 .006 

Pain .33 0.37(.05) 7.57 < .001 

Sleep .34 0.36(.04) 8.42 < .001 

Depression .12 0.21(.08) 2.59 .010 

Anxiety .10 0.19(.08) 2.23 .026 

Race (reference: white)     

Black -.04 -1.39(1.07) -1.30 .195 

Other races -.02 -0.75(1.10) -0.68 .498 

Education (reference: less than High 

school) 

    

High school/GED .04 1.26(1.28) 0.99 .324 

Technical degree/Associate’s degree .08 2.80(1.45) 1.93 .054 

College degree .00 0.02(1.39) 0.01 .991 

Hospitalization (in last 12 months) 

0: ≤ 2/year 

1: ≥ 3/year 

.02 1.28(1.23) 1.04 .298 

Sensory impairment .04 0.49(.34) 1.43 .153 

Constant - 8.01(3.96) 2.02 .043 

F (14, 710) = 136.23, p < .001     

R2= 0.69     

  

Findings from the simultaneous entry of all significant risk factors of fatigue into 

multiple linear regression showed that some of the physiological factors, and both 

psychological factors were significant predictors of fatigue. Number of comorbidities (B 

= 0.46, p = .006), pain (B = 0.37, p < .001), sleep (B = 0.36, p < .001), depression (B = 

0.21, p = .010), and anxiety (B = 0.19, p = .026) remained significant predictors of fatigue 
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after adding all variables simultaneously, whereby individuals experiencing more pain, 

sleep problems, depression, and anxiety experienced significantly higher levels of 

fatigue.  

On the other hand, age (B = -0.03, p = .509), gender (B = -0.18, p = .778), having 

been hospitalized less or more than twice/year (B = 1.28, p = .298), or having more SI (B 

= 0.49, p = .153) did not significantly predict fatigue levels. In addition, compared to 

being White, being Black (B = -1.39, p = .195), or belonging to any other race (B = -0.75, 

p = .498) were not risk factors for higher fatigue scores. Lastly, not having completed 

high school was not a significant risk factor for higher fatigue levels, as fatigue scores did 

not significantly vary between the former group and those who had completed high 

school/GED (B = 1.26, p = .234), or those who had achieved a technical (B=2.80, 

p=0.054) or a college degree (B = 0.02, p = .991). In other words, none of the situational 

factors remained significant when other variables were accounted for. 

Overall, the effect size of this model was moderate. Variables entered into the 

regression accounted for 69% of the variance of fatigue scores. The model showed that 

none of the situational factors were significant, but both depression and anxiety 

(psychological factors), as well as higher number of comorbidities, pain, and sleep 

problems, were significant predictors of fatigue (Figure 4.4.1). The power achieved in 

this model was 1, due to the large sample size. 

To better understand the relationship between fatigue and some of the 

independent variables that were insignificant, “education”, “sensory impairment”, and 

“age” were categorized differently, and re-entered into the regression equation. Age was 

dichotomized in two different ways. First, age was categorized into two groups, based on 
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findings from a research study that differentiated between “older” and “oldest old” 

individuals (Paraschakis et al., 2012). The first group, “older adults”, included individuals 

in the 60-74 age range, and the other group, the “oldest old”, included those above the 

age of 75. The other categorizations were based on the cut-off level of 85, according to 

the cut-off levels supported by other researchers (Zizza et al., 2009). Lastly, age was 

categorized into three groups, including “youngest old” (60-74), “middle old” (75-84), 

and “oldest old” (≥ 85) (Lee et al., 2018), which was also deemed an insignificant 

predictor of fatigue. In all three cases, multiple regression analyses including the different 

categorizations of this variable showed that being in either category was not a significant 

predictor of fatigue. 

 In terms of education, the mean fatigue scores were calculated for each of the 

educational groups, and “High school/GED” and “Technical degree/Associate’s degree” 

were combined after establishing similar fatigue means in these two groups. Hence, 

education was categorized into three categories: “No high school”, “High 

school/GED/Technical or Associate’s Degree”, and “College Degree”. Lastly, sensory 

impairment (SI) was examined for the frequency of each of the obtained responses, based 

on which it was categorized into “No SI” and “At least one SI”, so that each group had an 

adequate sample size. The results of the regression with the modified categorization of 

education and SI are presented below (Table 4.10). 

Table 4. 10: Multiple Regression Equation of Outcome Fatigue (n = 725) 

 Unstandardized 

Beta (SE) 

β t p 

Age -0.04(0.05) -.02 -0.82 .414 

Gender (1=male; 2=female) 0.08(0.64) .00 0.12 .905 

No. of comorbidities 0.49(0.16) .07 2.95 .003 

Pain 0.37(0.05) .32 7.57 < .001 
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Sleep 0.35(0.04) .33 8.20 < .001 

Depression 0.20(0.08) .11 2.44 .015 

Anxiety 0.20(0.08) .11 2.34 .020 

Race (White) 1  . . 

Black -1.52(1.07) -.05 -1.43 .154 

Other -0.82(1.11) -.02 -0.74 .457 

Education (Reference: College Degree)     

No high school 0.02(1.39) .00 0.01 .991 

High 

school/GED/Technical/Associate’s 

1.93(0.72) .07 2.69 .007 

Hospitalization (in last 12 months) 

0: ≤ 2/year 

1: ≥ 3/year 

1.26(1.25) .02 1.01 .314 

Sensory impairment 

0: no sensory impairment 

1: one or more sensory impairment 

2.04(0.83) .07 2.45 .015 

Constant 8.30(3.21)  2.59 .010 

F (13, 711) = 149.69, p < .001     

R2 = .69     

 

Findings of this modified regression analysis slightly shifted the regression 

coefficients and significance levels of the all the IVs. The most significant change was 

that of the modified variables, SI and education. Results showed that having one or more 

SI was a significant predictor of fatigue, whereby older individuals in this group reported 

fatigue levels twice that of individuals with no SI. Also, in reference to older adults with 

a college degree, having a high school, technical, or an associate’s degree was a 

significant risk factor for higher fatigue scores. Interestingly, having no high school 

degree was not a predictor of fatigue.  

Research questions 2&3: To what extent does fatigue influence functional 

performance, cognitive performance (CP), perceived health, and QOL? Do the above-

mentioned consequences of fatigue (i.e., physical performance (PP), social performance 

(SP), cognitive function and perceived health) mediate the effect of fatigue on QOL? 
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 To answer this research question, path analysis was conducted in two steps using 

“robust” option to account for heteroscedasticity. In the first path analysis, fatigue was set 

to be the IV, while physical, social, and cognitive performances, as well as perceived 

health, were set to be the outcome (dependent) variables and the mediators to the 

relationship between fatigue and QOL. In the second step, the same model was 

maintained, but all the risk factors of fatigue that were examined in research question 1 

were added, and were set to impact fatigue, physical, social, and cognitive performances, 

as well as perceived health and quality of life. The aim of this second step was to 

examine the impact of fatigue on performance-based outcomes, perceived health, and 

QOL, net of the impact of the variables (covariates) examined in research question 1. 

Then, beta coefficients obtained from these two path analyses were examined for 

differences, to identify the effect of variables of interest net of the impact of other 

covariates (age, gender, number of comorbidities, etc.).  

 The findings of the first path analyses are displayed in Tables 4.11. The presented 

results regarding the direct effect of fatigue on the outcomes of interest showed that 

fatigue was a significant predictor of poorer physical (B = -0.87, p < .001), social (B = -

0.80, p < .001), and cognitive performance (B = -0.58, p < .001), as well as poorer 

perceived health (B = -0.10, p < .001). Higher scores of these outcome variables, with the 

exception of cognitive performance, were shown to be significant predictors of a better 

QOL. Surprisingly, a better cognitive performance was a predictor of a poorer QOL (B = 

-0.01, p < .014). In addition, fatigue was not directly associated with QOL (B = 0.00, p > 

.705). The effects of all performance-based outcome variables on QOL were generally 

weak, but that of perceived health was moderate. 
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 The indirect effect of fatigue on QOL was calculated to examine whether fatigue 

outcomes mediate the relationship between the fatigue and QOL. The results showed that 

the indirect path was significant (B = -0.05, p < .001), suggesting the presence of a 

mediating effect. Individual paths for mediators were not examined, since all mediators 

were significantly correlated, and examining them separately would not have been very 

informative.  

 Coefficients of both directs and indirect effects of fatigue on PP, SP, CP and 

perceived health decreased in magnitude when physical, psychological, and situational 

covariates were entered into the equation (Figure 4.4.1), but all significant paths in path 1 

remained significant. As for the model fit, the coefficient of determination was .65, 

meaning that the IVs in the model explained 65% of the variance of the DVs, while that 

of path 2 was .92. Chi squared statistic, root mean square error of approximation 

(RMSEA), Tucker-Lewis Index (TLI), and comparative fit index (CFI) all showed 

perfect fit, because both models were saturated. 

Table 4. 11: Direct and Indirect Effects of Fatigue on Outcome Variables and QOL (n 

= 725) 

 β(SE) B(SE) Z P>|z| 

Path Analysis Step 1     

Direct effects     

Physical performance     

Fatigue -.68(.02) -0.87(.03) -27.19 < .001 

Social performance     

Fatigue -.75(.02) -0.80 (.03) -28.72 < .001 

Cognitive performance     

Fatigue -.64(.02) -0.58(.03) -21.40 < .001 

Perceived health     

Fatigue -.64(.02) -0.10 (.00) -22.04 < .001 

Quality of life     

Physical performance .09(.03) 0.01(.00) 2.64 .008 

Social performance .14(.03) 0.01(.00) 4.40 < .001 
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Cognitive performance -.07(.03) -0.01(.00) -2.46 .014 

Perceived health .74(.03) 0.39(.02) 22.81 < .001 

Fatigue .01(.28) 0.00(.00) 0.38 .705 

Indirect effects     

Quality of life     

Fatigue -.59 -0.05(.00) -15.31 < .001 

CD = 0.650     

     

Path Analysis Step 2 β(SE) B(SE) Z P>|z| 

Direct effects     

Physical performance     

Fatigue -.14(.04) -0.18(.05) -3.87 <.001 

Social performance     

Fatigue -.47(.05) -0.51(.06) -8.99 < .001 

Cognitive performance     

Fatigue -.26(.05) -0.24(.05) -5.32 < .001 

Perceived health     

Fatigue -.18(.05) -0.03(.01) -3.81 < .001 

Quality of life     

Physical performance .11(.05) 0.01(.00) 2.24 .025 

Social performance .13(.04) 0.01(.00) 3.50 < .001 

Cognitive performance -.09(.03) -0.01(.00) -2.69 .007 

Perceived health .72(.03) 0.39(.02) 20.85 < .001 

Fatigue .01(.04) 0.00(.00) 0.14 .888 

Indirect effects     

Fatigue -.18 -0.01(.00) -4.40 < .001 

CD = .921     

CD: Coefficient of determination 

 The results from the statistical analyses of research questions 2 and 3 showed that 

fatigue was a significant predictor of poorer physical, social, and cognitive performance, 

as well as poorer perceived health, with effect sizes ranging from -0.14 to -0.47. These 

outcome variables, in their turn, mediated the relationship between fatigue and QOL. 

This held true even after covariates like age, gender, number of comorbidities, race, and 

others were accounted for. Outcomes of fatigue, such as PP (B = 0.01, p < .01), SP (B = 

0.01, p < .001), and perceived health (B = 0.39, p < .001) were positively correlated with 

QOL. Lastly, CP was negatively correlated with QOL (B = -0.01, p < .007), indicating 

that better cognitive performance was associated with a poorer quality of life (Figure 
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4.3). However, it is noteworthy mentioning that the relationship between fatigue 

outcomes, with the exception of perceived health, and QOL was very weak. 

Figure 4. 3: Path Model of Significant Predictors and Outcomes of Fatigue 

 
COM: number of comorbidities; DEP: depression; ANX: anxiety; SI: sensory impairment; HS/TD: high 

school (or GED)/technical degree (or associate’s degree) PP: physical performance; SP: social 

performance; CP: cognitive performance; PH: perceived healthl; QOL: quality of life 

→ insignificant path; ---> indirect effect 

 In order to better understand the unexpected negative association between CP and 

QOL, additional analyses were conducted. Pairwise correlation between QOL, the DV, 

and its predictors (PP, SP, CP and perceived health). Results showed that the associations 

between all IVs/predictors and QOL were significant, and were positive, including that of 

cognitive performance (Table 4.12).  

Table 4. 12: Pairwise Correlations between QOL and its Predictors (n = 725) 

Variables 1 2 3 4 5 

Physical performance (1) 1.00     

Social performance (2) .67* 1.00    
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Cognitive performance (3) .61* .63* 1.00   

Perceived health (4) .69* .59* .59* 1.00  

Quality of life (5) .64* .58* .50* .83* 1.00 
*p < 0.05 

 In addition to examining pairwise correlations between variables, SP, CP, and 

perceived health were divided according to their domains, which, in turn, were entered 

into a regression equation. That is, SP was divided into “social ability” and “social 

satisfaction”, CP was divided into “cognitive function” and “cognitive function-abilities”, 

while perceived health was divided into “perceived physical health” and “perceived 

physical health”. Physical performance was entered as one domain. The purpose of this 

segregation was to better explain which domain more significantly predicted QOL. The 

results of the regression are presented in Table 4.13. 

Table 4. 13: Regression Analysis of QOL and its Predictors (n = 725) 

 Β Unstandardized 

beta (SE) 

t p 

Fatigue .00 0.00(.00) .12 .905 

Physical performance .11 0.01(.00) 2.77 .006 

Social ability -.00 -0.00(.01) -.10 .918 

Social satisfaction .09 0.01(.00) 2.99 .003 

Cognitive ability -.02 -0.00(.00) -.79 .430 

Cognitive function .00 0.00(.01) .03 .974 

Physical health .59 0.06(.04) 15.98 .000 

Mental health .23 0.21(.03) 6.57 .000 

Constant - .31 -.56 0.575 

F (8,716), p < .001 

R2 = .73 

    

Findings from the regression analyses suggested that both cognitive ability (B = -

0.00, p = .430), and cognitive function (B = 0.00, p = .974) did not significantly predict 

fatigue, with beta coefficients of zero in both cases. Better social satisfaction (B = 0.01, p 

= .003), but not social ability (B = -0.00, p = .918), significantly predicted better QOL. 

The relationship between physical performance and QOL was weak, but significant (B = 
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0.01, p < 0.01). Lastly, the relationship between mental health and QOL was weak (B = 

0.21, p < .001), but that of physical health was moderate (B = 0.60, p < .001). 

Research Question 4. Does gender mediate the relationship between number of 

comorbidities and fatigue? 

 To answer this question, two-way Analysis of Variance (ANOVA) was 

conducted, whereby gender (male/female) and comorbidity group (two or less/three or 

more) were the two factors, and fatigue was the DV. The partial sum of squares for each 

for the factors was calculated, as well the interaction effect between both factors. The 

results showed that number of comorbidities (F = 129.06, p < .001) and gender (F=6.83, 

p<0.001) significantly predicted fatigue (without covariates accounted for in multiple 

regression analysis discussed above). However, the interaction between comorbidities 

and gender was not significant (F = 0.83, p = .364), indicating that gender does not 

moderate the relationship between comorbidities and fatigue. The results obtained are 

presented in Table 4.14 and Figure 4.4. 

Table 4. 14: Two-way ANOVA of Outcome Variable Fatigue (n = 725) 

Source Partial SS Df MS F Prob>F 

Model 23555.95 3 7851.98 47.56 < .001 

Comorbidities 

(High/low) 

21306.90 1 21306.90 129.06 < .001 

Gender 

(male/female) 

1127.25 1 1127.25 6.83 .010 

Gender#com 136.38 1 136.38 0.83 .364 

Residual 119032.72 721 165.09   

Total 142588.67 724 196.95   

Root MSE = 12.8489 

R2= .17 

Adjusted R2 = .16 
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Figure 4. 4: Margins Plot of Number of Comorbidities and Gender 

 

Summary of Findings 

 In this chapter, assumptions such as linearity, homoscedasticity, normality, and 

absence of multicollinearity were examined, to enhance reliability of findings. Statistical 

tests including multiple linear regression, path analyses, Pearson correlation, analysis of 

variance (ANOVA), and some non-parametric tests were conducted to answer four 

research questions in this study. Findings from the analyses presented above can be 

summarized as follows. First, higher number of comorbidities, pain, sleep problems, 

depression, anxiety, education, and SI are significant risk factors of fatigue, while age, 

gender, race, marital status, and number of hospitalizations in the past 12 months, are not. 

Second, higher levels of fatigue predict poorer performance on the physical, social, and 

cognitive levels, as well as a poorer perceived health. In addition, the relationship 

between fatigue and QOL is mediated by these four outcome variables. Note that, out of 

the above-mentioned fatigue outcomes, perceived health was the strongest predictor of 

QOL. Lastly, results showed that gender does not moderate the relationship between 

number of comorbidities and fatigue. These findings are represented in Figure 4.3. 
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CHAPTER 5 

DISCUSSION 

 The aim of this research study was to answer four research questions around 

fatigue in older individuals with chronic diseases, using the Theory of Unpleasant 

Symptoms (TUS) as a theoretical framework. The first aim was to identify the 

physiological, psychological, and situational risk factors of fatigue, and another aim was 

to examine whether gender moderates the relationship between number of comorbidities 

and fatigue. The two other questions pertained to outcomes of fatigue, and whether these 

outcomes moderated the relationship between fatigue and quality of life (QOL).  

Risk factors of Fatigue, and Gender as a Moderator 

Physiological factors examined in this study included age, gender, number of 

comorbidities, pain, and sleep. Of these, number of comorbidities, pain, and sleep were 

significant predictors of fatigue, while age and gender were not. Psychological factors 

examined in this study included depression and anxiety, both of which were shown to be 

significant risk factors of fatigue. The last category of risk factors included situational 

factors, which consisted of educational background, marital status, race, number of 

hospitalizations in the past 12 months, and sensory impairment (SI) (hearing and vision). 

Both SI and education were significant predictors of higher fatigue levels. Bivariate 

analyses showed that older individuals with no high school degree had the highest (worst) 

fatigue scores compared to those with a high school/technical/associate’s degree, and to 

those with a college degree, the latter group having the lowest fatigue scores. However, 

when accounting for other covariates, only having a high school/technical/associate’s 

degree, compared to a college degree, was a significant predictor of fatigue. Lastly, 
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findings did not support the hypothesis that gender moderates the relationship between 

number of comorbidities and fatigue.  

Fatigue and Health Outcomes, and the Mediating Role of These Outcomes 

Path analyses revealed that fatigue was negatively correlated with physical, social, 

and cognitive performances, as well as perceived health. In their turn, physical and social 

performance, were positively and weakly associated with QOL, whereas perceived health 

was positively and strongly associated with QOL. On the other hand, the association 

between cognitive performance and QOL was negative, but almost negligible, similar to 

the other two performance-based outcomes. Lastly, findings suggested that these 

outcomes mediated the relationship between fatigue and QOL. These findings suggest 

that the majority of non-modifiable risk factors such as age, gender, and race, marital 

status, are not significant predictors of fatigue, whereas modifiable risk factors, such as 

pain, sleep, depression, and anxiety are.  

Findings in the literature 

Physiological and Psychological Factors 

Findings pertaining to age-fatigue association in the literature were not in 

alignment. In a study involving older adults in Brazil, individuals above the age of 80 

experienced more frailty, fatigue being a constituent of frailty, compared to those in the 

60-79 age range (Duarte et al., 2019). Contrary to this finding, a number of studies 

highlighted a negative association between fatigue and age in samples with mean ages of 

36.9 (Pouraboli et al., 2019), or 44.27 (Dolan & Kudrna, 2013), or an age range of 25-74 

(Engberg et al., 2017). However, no studies examining this association in the United 

States among older individuals exclusively were found. These findings might suggest that 
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older adults experience less fatigue compared to young adults, but this association 

becomes insignificant either when examining fatigue amongst older adults only, or when 

accounting for covariates simultaneously, which was not the case in the above-mentioned 

studies. In addition, sociodemographic factors might moderate the relationship between 

age and fatigue, which would explain the contrasting finding in one of the studies (Duarte 

et al., 2019). 

In what relates to the other physiological risk factors, findings pertaining to 

gender-fatigue association were inconclusive. Findings in some studies supported the 

insignificant association between gender and fatigue (Lee et al., 2020; Pouraboli et al., 

2019). However, in other studies, females reported significantly higher fatigue compared 

to males (Alekseeva et al., 2018; Engberg et al., 2017; Junghaenel et al., 2011). The 

significance of sleep and pain as risk factors of fatigue was supported in a number of 

studies (Alekseeva et al., 2018; Katz, 2017; Pope, 2020; Vassend et al., 2018). Lastly, the 

fifth physiological variable examined in this study, number of comorbidities, was found 

to be a significant risk factor of fatigue, which was supported in other studies as well 

(Duarte et al., 2019; Fiest et al., 2016). In what relates to the psychological factors, 

findings pertaining to both depression and anxiety were supported by other studies 

identified in the literature, whereby both these factors significantly predicted fatigue 

(Alekseeva et al., 2018; Carneiro et al., 2017; Vassend et al., 2018). 

Situational Factors 

The last category of hypothesized influencing factors of fatigue in this study was 

“situational factors”, which included race, education, marital status, number of 

hospitalizations, and SI. In this study, race was not a significant risk factor of fatigue. 
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Findings pertaining to race were supported in two other studies (Shakoor et al., 2017; 

Yazici et al., 2007). Also, researchers in a systematic review concluded that although 

African-Americans and Native Americans are at higher odds of chronic fatigue, ethnic 

differences alone would not explain the higher odds in this group (Dinos et al., 2009). 

Thus, it might be that the exclusion of a number of covariates in the studies included in 

the review is what led to the higher odds of fatigue in this ethnic minority. 

The positive influence of educational attainment on fatigue was supported in the 

literature (Engberg et al., 2017; Junghaenel et al., 2011), which was not the case in this 

study. On the educational level, results in this study showed that having a “high 

school/technical/associate’s degree”, but not “no high school” degree, predicted higher 

fatigue scores compared to having a college degree. It is noteworthy mentioning that 

findings in this study also showed lower fatigue levels in groups with higher educational 

attainment, but this was insignificant after covariates were accounted for. The exclusion 

of a number of covariates, besides the inclusion of other age groups in both of the 

research studies might explain the discrepancy in findings. On the other hand, marital 

status was not a significant predictor of fatigue in this study even in bivariate analyses, 

and hence was excluded from multiple regression analyses. This finding was supported 

by some studies (Bevilacqua et al., 2018; Horne et al., 2019), and refuted by others (Jing 

et al., 2015; Lin et al., 2015). 

In this study, having one or more SI was a significant predictor of fatigue. This 

was also supported in the literature, whereby studies revealed that individuals with visual, 

hearing, or dual SIs experience a higher severity of fatigue, and are at higher odds of 

fatigue (Hornsby et al., 2016; Schakel et al., 2019; Yamada et al., 2014). Lastly, number 
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of hospitalizations was hypothesized to be a significant risk factor of fatigue, but this 

hypothesis was not supported. Researchers in other studies examined the opposite 

direction of this relationship, whereby fatigue was hypothesized to be a significant risk 

factor for a higher frequency of hospitalization. This hypothesis was supported (Heo et 

al., 2016; Paddison et al., 2013), whereby individuals with fatigue had more frequent, and 

higher odds of hospitalizations compared to those with no fatigue. The hypothesis of 

hospitalization preceding or predicting higher fatigue, as examined in this study, might 

also be true. However, having only 5.79% of the sample in the “≥ 2 hospitalizations in 

the past 12 months” might have been insufficient to detect significant differences 

between this group and those who had up to one hospitalization/year. 

Association Between Fatigue and Health Outcomes 

In terms of fatigue outcomes, findings in this study suggested that fatigue 

negatively impacted all three levels of performance (physical, social, cognitive), with the 

strongest relationship being with the social component, followed by cognitive 

performance (CP), the weakest relationship being with physical performance (PP). The 

weak relationship with PP might be related to the fact that only 12.69% of participants 

had below average PP. The relationship between fatigue and PP has been supported in a 

number of studies (Murphy et al., 2021; Norberg et al., 2010; Soares et al., 2015; 

Veldhuijzen van Zanten et al., 2021). In terms of fatigue-CP relationship, researchers in a 

study concluded that improvement in fatigue led to improvements in subjective cognitive 

function, but had no impact on objective cognitive function (Kinsinger et al., 2010), 

while findings of other studies have supported the influence of fatigue on objective 

cognitive performance as well (Busichio et al., 2004). In this study, the significant 
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inverse relationship between fatigue and CP was based on subjective reports of CP only. 

Lastly, a study revealed that cognitive domains mainly impacted by fatigue included 

attention, memory, and reaction time, but not fine motor speed, reasoning, vocabulary, 

and global functioning (Cockshell & Mathias, 2010).  

At the social performance (SP) level, studies supported the negative relationship 

between fatigue and SP identified in this study, with the former accounting for 48% of 

the variance in SP in one of the studies (Murphy et al., 2021; Salter et al., 2019; Smith et 

al., 2016; Veldhuijzen van Zanten et al., 2021). Lastly, the negative association between 

fatigue and perceived health has also been supported in the literature, whereby higher 

fatigue levels contributed to worse subjective health perceptions in young men and older 

adults (Flensner et al., 2008; Lekander et al., 2013; Veldhuijzen van Zanten et al., 2021). 

All these fatigue outcomes, in their turn, were shown to significantly predict 

quality of life (QOL), but the association between each of PP, SP, and CP with QOL was 

very weak. The positive association between each of PP and perceived health, and QOL 

has been supported in the literature (de Oliveira et al., 2021; Holbein et al., 2019; Yoo et 

al., 2020). In addition, one of the studies revealed the mediating role of perceived health 

in the relationship between physical activity and QOL (Holbein et al., 2019) which would 

explain the weak association between PP and QOL in the current study. Similarly, studies 

supported the positive association between SP and QOL (Lestari et al., 2021; van Hees et 

al., 2020), especially that of in-person interactions (Lee et al., 2016). Lastly, in this study, 

there was a weak negative association between CP and QOL, contrary to findings of 

some studies, in which better cognitive function predicted either a better overall QOL 

(Park et al., 2018; Pascal de Raykeer et al., 2019; Sanborn et al., 2018), or some, but not 
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all, aspects of QOL (Lašaitė et al., 2019). However, in two studies involving individuals 

with mild cognitive impairment (MCI), cognitive function was not significantly 

associated with QOL (Chuang et al., 2016; Hsiao et al., 2016). 

The unexpected weak negative association between CP and QOL in this study can 

be attributed to the fact that QOL was based on responses to a single item, which does not 

accurately represent the multifaceted aspects of QOL. Another reason for this negative 

association could be due to the absence of data regarding the presence of 

neurodegenerative diseases, such as MCI or Alzheimer’s disease, in which case better 

cognitive performance would be related to worse QOL (Chuang et al., 2016; Hsiao et al., 

2016; Stites et al., 2017). Lastly, the association between fatigue and QOL was supported 

in other studies in the literature (Abrahams et al., 2018; Fan et al., 2020), which was not 

the case in this study. The lack of a significant association between these two variables 

can be explained by the inclusion of mediators, such as PP, SP, CP, and perceived health, 

which would have rendered findings pertaining to fatigue and QOL insignificant.  

In this study, SP, CP, and perceived health consisted of two domains each. Post-

hoc analyses were conducted whereby each domain was entered as a separate variable in 

the regression equation for QOL. This entry rendered CP insignificant, and suggested that 

social satisfaction, not social ability, predicted QOL. In addition, perceived physical 

health was a stronger predictor of QOL than that of perceived mental health.  

As mentioned above, the significant association between QOL and PP, SP, and 

CP respectively in this study was almost negligible, and statistical significance in this 

case might be due to a large sample size alone rather than an actual clinical significance. 

This is further supported by the fact that CP was insignificant in the post-hoc analysis 
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described above. It can be that perceived health mediates the relationship between all 

three performance outcomes (physical, social, cognitive) and QOL, which makes the 

association between these outcomes and QOL very weak.   

Implications for Practice 

Findings in this study can be summed up as follows. First, risk factors of fatigue 

in older individuals with various chronic diseases include number of comorbidities, pain, 

sleep, depression, anxiety, having a high school/technical/associate’s degree compared to 

a college degree, and having one or more SI. The inclusion of all hypothesized risk 

factors simultaneously rendered other variables, including gender, age, race, number of 

hospitalizations, marital status insignificant, contrary to findings obtained in pairwise 

correlations. Most variables which remained significant are modifiable, which supports 

the need for interventions targeting these risk factors. Multiple interventions that tackle 

different risk factors have been developed, and supported for their effectiveness. For 

example, cognitive behavioral therapy, mindfulness, sleep hygiene training, and others 

have been found to improve sleep (MacLeod et al., 2018; Wennberg et al., 2013), and the 

application of cold and/or hot packs, relaxation breathing techniques have been shown to 

effectively minimize pain (Fouladbakhsh et al., 2011). Meanwhile, the use of personal 

assistive robots (Chen et al., 2020), problem solving therapy (Enguidanos et al., 2011), 

and interpersonal psychotherapy (Bransford & Choi, 2012) have been shown to help with 

depression. 

The above-mentioned interventions highlight how existing interventions target 

one outcome of interest, and are non-holistic, which warrants further investigations 

around holistic interventions that target multiple symptoms simultaneously, in order to 
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maximize their effectiveness, and the use of resources. For instance, a study presented 

promising findings regarding yoga therapy in the management of depression, pain, and 

sleep, with high participant adherence rates (Cartwright et al., 2020). More studies on 

similar interventions are needed to make the implementation of such interventions 

feasible, and maintain high adherence and compliance rates.  

In addition, given the prevalence of hearing, vision, and dual SI in older 

individuals (Elliott et al., 2015; Roets-Merken et al., 2014), consistent vision and hearing 

screening protocols for older individuals should be implemented in the community and 

nursing homes. In a study, researchers reported that less than half of the nursing home 

staff used hearing and vision screening tools to detect SI in residents (Andrusjak et al., 

2021). Also, they identified a lack of routine assessments for SI, and of access to vision 

and hearing assistive devices (Andrusjak et al., 2021). There are a number of SI screening 

tools, including the Severe Dual Sensory Loss screening tool (Roets-Merken et al., 2014), 

which are reliable, valid, inexpensive, and easy-to-administer, and can be used by nurses 

and staff to detect SI in older individuals in nursing homes. Interestingly, in a study, 

subjective perceptions of hearing loss, rather than objective measures of hearing 

impairment, predicted fatigue scores (Hornsby & Kipp, 2016). That is, the social and 

emotional consequences of hearing loss, rather than the degree of hearing loss per se, was 

a significant predictor of worse fatigue (Hornsby & Kipp, 2016), which supports the 

inclusion of SI as a situational rather than a physiological factor in this study. This 

association further supports the potential role of hearing aids and other hearing 

rehabilitation strategies in mitigating the influence of perceived hearing loss on fatigue, 

even in the presence of an objective hearing loss.  
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In what relates to outcomes of fatigue which were shown to mediate the 

relationship between fatigue and QOL, it is important to screen for risk factors of poor 

perceived health, including risk of falls, ability to perform activities of daily living 

(ADL), sleep, and familiar support (Silva et al., 2017). In addition, older individuals 

should be aware of, and have access to physical activity programs, as physical activity is 

significantly associated with PP (van Lummel et al., 2015). Not only would this help 

improve QOL based on the findings of this study, but also cognitive function (Pereira et 

al., 2019). Besides, such programs or activities create a medium for social participation 

amongst individuals in this age group, and help combat social isolation (Crozier et al., 

2020). 

Findings of study are of value to older individuals experiencing fatigue, their 

family members, healthcare providers, and researchers interested in improving the 

management of fatigue and the improvement of QOL of older individuals. These findings 

highlight the importance of screening older individuals for the identified risk factors of 

fatigue, including pain, sleep, number of comorbidities, depression, anxiety, and SI, and 

implementing interventions that promote PP, SP, and perceived health. Proper 

identification and management of these risk factors can be an effective strategy to 

minimize levels of fatigue, improve PP, SP, and perceived health, and enhance QOL.  

Recommendations for Future Research 

Future research should examine a number of associations which were not 

examined in this study. First, IVs included in this study explained 69% of variance in 

fatigue scores, which suggests that researchers should aim for exploring other variables 

associated with fatigue, or adding ones that have been already examined as risk factors of 
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fatigue (physical activity, social support) (Karakoc & Yurtsever, 2010; Kwag et al., 2011; 

Lin et al., 2015; Nicklas et al., 2016; Salter et al., 2019). Second, CP was negatively 

correlated with QOL, which warrants further investigation on the moderating role of 

neurodegenerative diseases, such as dementia, in the association between CP and QOL. 

In addition, the feedback loops depicted in the TUS were not investigated in this study. 

That is, examining the extent to which fatigue, in its turn, influences its predictors (sleep, 

pain, depression), and the extent to which PP, CP, and SP influence fatigue and its 

predictors. Establishing the direction of the relationship among these variables is crucial 

in planning for interventions targeted not only at fatigue management, but also other 

symptoms, including pain, sleep, depression, and anxiety.  

Pairwise correlations in this study showed that all hypothesized risk factors of 

fatigue, except for marital status, were significantly correlated with fatigue. However, 

these associations were insignificant when other variables were accounted for. Hence, it 

would be useful to identify variables that mediate the relationship between risk factors, 

such as race, education, number of hospitalizations, age, gender, and fatigue. Future 

research efforts should also be directed towards examining the feasibility of multi-

component interventions targeted at managing/minimizing risk factors of fatigue, 

improving physical, social, and cognitive performances, as well as perceived health in 

older individuals.  

Strengths and Limitations of This Study 

 These findings should be viewed in lieu of this study’s limitations, which are 

discussed here. First, this was a secondary data analysis, in which participants were 

recruited from an online panel. This renders the researcher unaware of the circumstances 
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in which participants responded to questionnaires, besides the self-selection bias involved 

in this recruitment strategy. Also, a number of variables, including social support, 

physical activity, medications, and income, which have been shown to influence fatigue 

levels, were not included in the dataset. Third, there was no documentation on the 

response rate, or a comparison between characteristics of respondents and non-

respondents, which increases self-selection bias. Fourth, the cross-sectional nature of this 

research study makes it impossible to conduct test-retest reliability to further validate 

findings. Furthermore, the basis on which researchers in the initial study chose particular 

items from the various item banks is not clear. Other limitations included the way in 

which some variables were operationalized in this study, and the homogeneity of the 

sample in some characteristics. For example, QOL was operationalized as the response to 

a single question asking participants to rate their QOL, which hinders the reliability of 

findings around predictors of QOL. Regarding homogeneity, the majority of the sample 

was white, and had been hospitalized less than once in the past 12 months, which could 

have made it less likely to find significant associations between these two variables and 

fatigue. Lastly, path analysis does not infer causality, the establishment of which calls for 

randomized control trials. 

 The strengths of this study lie in its large sample size, and the high power 

achieved, both of which enhance reliability and validity of findings. Also, participants 

were recruited from different parts of the US, which enhances generalizability. The 

significance of this research lies in the inclusion of 12 independent variables 

simultaneously, which had not been previously done, to account for their covariance. 

Also, the examination of outcomes of fatigue as mediators in the relationship between 
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fatigue and QOL using the TUS helps plan multi-factorial interventions to improve QOL. 

Lastly, all relationships depicted in the TUS, except for feedback loops, were examined 

in this study, which provides a better understanding of the interplay between different 

variables associated with fatigue. It is noteworthy mentioning that the IVs which were 

entered into the multiple regression equation for fatigue were also included in the 

equations on outcomes of fatigue. Hence, the beta coefficients obtained represent the net 

impact of fatigue on PP, SP, CP, and QOL. 

Summary of Findings 

 To conclude, TUS was used as a theoretical framework in this study to examine 

risk factors and outcomes of fatigue. Number of comorbidities, pain, sleep, depression, 

anxiety, educational background, and SI were found to be significant predictors of 

fatigue. In its turn, higher fatigue predicted lower PP, SP, CP, and perceived health 

(strongest relationship), but did not have a direct association with QOL. The relationship 

between fatigue and QOL was mediated by the above-mentioned outcomes of fatigue. 

These findings are of value to healthcare providers of older individuals experiencing 

fatigue, and of older individuals themselves. Findings suggest that fatigue management 

interventions should include pain, sleep, SI, depression, and anxiety management 

strategies. Also, QOL can be enhanced by better fatigue management, in addition to 

strategies that enhance an individual’s PP, SP, and perceived health. Future research 

should be directed towards exploring other risk factors of fatigue, examining feedback 

loops depicted in the TUS, identifying whether neurodegenerative diseases moderate the 

relationship between CP and QOL, and identifying variables that mediate the relationship 

between certain risk factors and fatigue.  
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APPENDIX 

UNIVERSITY OF MASSACHUSETTS INSTITUTIONAL REVIEW BOARD 

Mass Venture Center  

           100 Venture Way, 

Suite 116  

            Hadley, 

MA 01035 

            Telephone: 413-545-3428  

     

Memorandum – Not Human Subjects Research Determination   

 

Date: January 14, 2021  

 To:   Maral Torossian, College of Nursing  

  

Project Title: Examining a Fatigue Management Model that Identifies Risk Factors and 

Consequences of Fatigue in Older Individuals  

  

HRPO Determination Number: 21-08  

  

The Human Research Protection Office (HRPO) has evaluated the above named 

project and has made the following determination based on the information provided to 

our office:  

  

☐ The proposed project does not involve research that obtains information about 

living individuals [45 CFR 46.102(f)].  

  

☒ The proposed project does not involve intervention or interaction with individuals 

OR does not use identifiable private information [45 CFR 46.102(f)(1), (2)].  

  

☐ The proposed project does not meet the definition of human subject research under 

federal regulations [45 CFR 46.102(d)].  

  

Submission of an Application to UMass Amherst IRB is not required.  

  

Note: This determination applies only to the activities described in the submission.  If 

there are changes to the activities described in this submission, please submit a new 

determination form to the HRPO prior to initiating any changes. Researchers should 

NOT include contact information for the UMass Amherst IRB on any project 

materials.  
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A project determined as “Not Human Subjects Research,” must still be conducted 

ethically.  The UMass Amherst HRPO strongly expects project personnel to:  

  

- treat participants with respect at all times  

- ensure project participation is voluntary and confidentiality is maintained 

(when applicable)  

- minimize any risks associated with participation in the project   

- conduct the project in compliance with all applicable federal, state, and local 

regulations as well as UMass Amherst Policies and procedures which may 

include obtaining approval of your activities from other institutions or entities.  

  

Please do not hesitate to call us at 413-545-3428 or email humansubjects@ora.umass.edu if 
you have any questions.  

  

  
Iris L. Jenkins, Assistant Director  

Human Research Protection Office   
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