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Abstract 

Title of Dissertation: Mechanisms of Heart Failure Related Fatigue 

 

Christine R. Hoch, Doctor of Philosophy, 2021 

 

Dissertation Directed by:  

 

N. Jennifer Klinedinst, PhD, RN, MPH, FAHA, Associate Professor, Department 

of Organizational Systems and Adult Health, School of Nursing  

Background: Fatigue in heart failure (HF) is described as a burdensome 

symptom that has profoundly negative effects on quality of life and is associated 

with worsening prognosis and mortality. Despite its deleterious outcomes, HF-

related fatigue remains poorly understood with limited treatment modalities.  

Purpose: The purpose of this dissertation was to (1) describe correlates of HF-

related fatigue, (2) evaluate the contribution of select physiologic variables to HF-

related fatigue, and (3) examine the relationship between inflammation and 

cellular energy metabolism of platelets to excessive daytime sleepiness (EDS) in 

chronic stroke survivors.  

Methods: The first manuscript is a synthesis of the literature on correlates of HF-

related fatigue. The second manuscript uses a complex sample design with cross-

sectional data from the 2015-2018 National Health and Nutrition Survey 

(NHANES) to assess the contribution of age, gender, anemia, presence of 

dyspnea, and serum osmolality on HF-related fatigue. Descriptive statistics were 

used to explore differences between fatigued and non-fatigued adults and logistic 

regression to calculate the odds of having fatigue. The third manuscript uses non-

parametric correlations and descriptive statistics to describe the relationship of 



  

EDS to inflammation and energy metabolism of platelets in chronic stroke 

survivors.  

Results: Correlates of HF-related fatigue included age, sex, dyspnea, pain, 

disease severity, use of diuretics, volume status, anemia, oxygen uptake, 

depression, anxiety, perception of symptoms/health, sleep disturbances, poor 

social support, reduced quality of life. Analysis of NHANES data revealed low 

serum osmolality was significantly associated with fatigue (χ2 = -2.37, p = .03). 

Being female was predictive of experiencing fatigue when controlling for age, 

serum osmolality, serum hemoglobin and the presence of dyspnea (OR 4.68, 95% 

CI .34 – 2.75). No statistical correlations were found between EDS, inflammation, 

or energy metabolism of platelets. A non-significant moderate effect size was 

noted between IL1-β (rho.42) and TNF-α (rho .35) and EDS. A small effect size 

was noted between IL-6 and EDS (rho .26).  

Conclusions: Improved knowledge of mechanisms of HF-related fatigue will 

inform strategies to reduce the symptom. Future studies should continue to assess 

the relationship between serum osmolality, sex hormones and cellular energy 

metabolism to fatigue in patients with HF.   
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Chapter 1: Background and Significance 

Heart Failure (HF) is a growing national and global health problem 

impacting over 5.5 million Americans and 26 million people worldwide with a 

projected increase in prevalence of 46% in the next 10 years (Benjamin et al., 

2018). Economic costs associated with the management of patients with HF is 

estimated at $30.7 billion annually and is projected to increase to $69.7 billion, a 

127% increase by 2030 (Benjamin et al., 2018). Fatigue, a defining symptom of 

HF, is reported to occur in 53-100% of persons (Schjoedt et al., 2016). HF-related 

fatigue is described as a severely debilitating symptom that forces people to 

engage in energy preserving behaviors including restriction of daily activities and 

social interactions, with resultant feelings of isolation, anxiety, and depression 

(Falk, et al., 2009; Jones et al., 2012). HF-related fatigue has also been associated 

with high mortality rates and recognized as a predictor of cardiovascular hospital 

readmission (Heo, et al., 2014; Smith et al., 2009). Despite its pervasive nature, 

profoundly negative impact on quality of life and associations with disease 

progression, HF-related fatigue remains poorly understood.  

 Individuals with HF experience two types of fatigue, exertional and a 

general fatigue. Exertional fatigue is considered to be related to exercise or 

exertion (e.g., completing activities of daily living). General fatigue is an 

unpredictable total body experience not associated with physical activity, nor 

alleviated with rest (Schjoedt et al., 2016; Smith et al., 2007). The 

pathophysiologic etiologies of exertional fatigue in HF have been explored with a 

few physiologic theories identified including impaired hemodynamics (Nelesen et 
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al., 2008) and skeletal muscle myopathies (Paneroni et al., 2018). However, some 

studies have demonstrated that general fatigue does not have a relationship with 

hemodynamic parameters including left ventricular ejection fraction (LVEF) and 

functional capacity (Conley et al., 2015; Smith et al., 2009), indicating a 

difference in the pathophysiologic underpinnings may exist. In addition, general 

fatigue and exertional fatigue have been identified as two different concepts with 

different long-term trajectories (Smith et al., 2009; Tiesinga et al., 1998). Little 

work has been done to elucidate the physiologic mechanisms of general fatigue in 

heart failure. Moreover, situational, and psychologic factors may be present that 

influence the symptom of fatigue. Identification of underlying physiologic 

mechanisms as well as other influencing factors is necessary to improve our 

understanding and support the development of therapeutic measures to reduce or 

ameliorate the symptom.  

Recognized Physiologic Correlates of HF-Related Fatigue 

Select physiologic factors that may contribute to fatigue in HF include 

anemia (Fink et al., 2009), changes in fluid volume status (Guglin et al., 2012; 

Williams, 2017) dyspnea, and inflammation (Fink et al., 2012; Heo et al., 2014; 

Herrmann-Lingen et al., 2003). The association of these physiologic factors to 

HF-related fatigue have been explored with inconsistent findings except for the 

presence of dyspnea which was consistently related to fatigue. However, the 

limited studies on each and inconsistent findings suggest there are additional 

mechanisms of HF-related fatigue that need to be explored.  
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Impaired Cellular Energy Metabolism 

Fatigue is associated with impaired energy metabolism in cancer 

(Nicolson et al., 2008), chronic fatigue syndrome (Armstrong et al., 2015; Fukuda 

et al., 2016), atherosclerosis (Chisolm & Steinberg, 2000), stroke (Klinedinst et 

al., 2019) and other inflammatory diseases (Gao et al., 2008). Energy metabolism 

is the ability of cells to produce adenosine triphosphate (ATP), our bodies source 

of biochemical energy. Impaired energy metabolism results when mitochondria 

are unable to produce sufficient ATP to meet the energetic demands of the cell.  

Oxidative stress, defined as increased reactive oxygen species (ROS) 

relative to antioxidants, contributes to mitochondrial oxidative damage and 

reduced energy metabolism (Jeong et al., 2011; Murphy et al., 2016). Oxidative 

damage is commonly accompanied by inflammation. Inflammation and oxidative 

stress are both associated with HF pathology (Aimo et al., 2016). Oxidative stress 

has been identified in cardiac myocytes (Rosca & Hoppel, 2010), skeletal muscle 

(Boushel et al., 2015; Rosca et al., 2009) and peripheral blood cells of persons 

with HF (Coluccia et al., 2018; Li, et al., 2015). In addition, excessive 

sympathetic drive and chronic stimulation of -adrenergic receptors are directly 

related to mitochondrial ROS production in cardiac myocytes (Münzel et al., 

2017; Rosca & Hoppel, 2013). Thus, impaired cellular energy metabolism may be 

a potential physiologic mechanism of HF-related fatigue. 

 Identifying factors that may influence the symptom of fatigue and how 

these factors influence each other is also needed to improve our understanding of 

HF-related general fatigue. The overarching purpose of this study is to explore 
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mechanisms of general fatigue in HF including the identification of known 

correlates (Aim 1) and how these correlates may influence the symptom of 

general fatigue (Aim 2). The third aim of this study was to explore the 

relationship between HF-related general fatigue and cellular energy metabolism. 

However, due restrictions in place related to COVID-19, recruitment, and blood 

sampling from patients with HF was not feasible. Nonetheless, general fatigue is 

also experienced in other inflammatory processes such as stroke. Like HF-related 

general fatigue, general fatigue post-stroke is described as a weariness unrelated 

to exertion and unrelieved with rest (de Groot et al., 2003). Additionally, pro-

inflammatory cytokines and impaired cellular energy metabolism have been 

identified in stroke survivors (Klinedinst et al., 2019). Available data to assess the 

relationships between inflammation, cellular energy metabolism and general-

related fatigue in stroke has already been published; however, data was available 

on excessive daytime sleepiness (EDS). While EDS is recognized as a different 

concept from fatigue, it is closely related, associated with inflammation, and 

experienced in both HF and stroke (Ding et al., 2016; Riegel et al., 2012). Thus, 

assessment of post-stroke inflammation, cellular energy metabolism and EDS 

may provide some mechanistic insight into the physiologic underpinnings of EDS 

(Aim 3) which could then be replicated in a study of patients with HF and general 

fatigue.   

Excessive Daytime Sleepiness 

 Approximately 18-72% of stroke survivors experience EDS (Ding et al., 

2016). EDS is defined as the inability to maintain wakefulness and alertness 
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during major waking episodes of the day (American Academy of Sleep Medicine, 

2014). EDS may manifest as fatigue, diminished cognitive functioning and 

impaired social functioning, thereby have a significant impact on daytime 

functional performance and quality of life (Ding et al., 2016; Kheirandish-Gozal 

& Gozal, 2019). In stroke survivors, EDS is associated with circadian rhythms, 

sleep deprivation, central nervous system disorders, sleep disordered breathing, 

depression and use of sedating medications (Ding et al., 2016).    

Purpose  

Studies are needed to address the underlying mechanisms of fatigue in HF 

to support the development of effective therapeutic regimens aimed at mitigating 

the symptom. Currently best practices for the management of fatigue in HF 

include determining underlying causes, such as use of beta blockers, sleep 

disturbances (e.g., sleep apnea), depression or overdiuresis (Yancy et al., 2013), 

and physical exercise (Davies et al., 2010). However, exercise capability is 

affected by symptoms and thus the ability to engage in physical activity. 

Moreover, compliance with exercise and pharmacologic regimens is poor and 

poor adherence is associated with increased risk of hospitalization and mortality 

(van der Wal et al., 2005).  

Two of the descriptive studies completed for this dissertation aimed to 

determine mechanisms of HF-related fatigue. Due to the restrictions put in place 

with the COVID-19 pandemic, the third study aimed to determine the relationship 

between energy metabolism of platelets and excessive daytime sleepiness in 

stroke as pilot work for future studies of HF-related fatigue.  
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 The primary aims and hypotheses of this dissertation were to:  

Aim 1: Review and synthesize existing scientific literature of factors 

associated with fatigue in patients with HF.  

 Aim 2. Evaluate the relationships between select physiologic factors and 

HF-related fatigue while controlling for established correlates. Hypothesis 2.1: 

High serum osmolality will result in increased odds of having HF-related fatigue 

when controlling for age, gender, dyspnea, and hemoglobin. Hypothesis 2.2: The 

presence of dyspnea will result in increased odds of having HF-related fatigue 

when controlling for age, gender, serum osmolality, and hemoglobin. 

Aim 3. Explore relationships of EDS with sleep quality, body mass index 

(BMI), inflammation, and cellular energy metabolism of platelets in stroke 

survivors. Hypothesis 3.1. EDS would be negatively related to oxygen 

consumption rates of platelets and sleep quality. Hypothesis 3.2 EDS would have 

a positive association with pro-inflammatory markers C-reactive protein (CRP), 

interleukin-6 (IL-6), interleukin IL- β (IL-1β) and tumor necrosing factor alpha 

(TNF-α), and BMI.   

Conceptual Framework 

The Theory of Unpleasant Symptoms (TOUS) is a middle-range theory 

developed to study the characteristics and experience of disease-related 

symptoms, specifically dyspnea and fatigue (Lenz et al., 1997). The TOUS was 

used to guide the three manuscripts included in this dissertation. The TOUS 

encompasses three major constructs: symptoms, influencing factors, and 

performance outcomes (Figure 1).   
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Figure 1. The Theory of Unpleasant Symptoms 

From “The middle-range theory of unpleasant symptoms: An update.” By E.R. Lenz, L.C. Pugh, 

R.A. Milligan, A. Gift, & F. Suppe, 1997, Advances in Nursing Science, 19(3), 14-27. Copyright 

1997 by Wolters Kluwer Health, Inc. Reprinted with permission (Appendix A).  

 

According to the theory, the symptom experience is influenced by 

psychologic, situational, and physiologic antecedents as well as their relationship 

to each other (Lenz et al., 1997). The review of literature presented in Chapter 2 

identified known psychologic, situational, and physiologic factors that influence 

HF-related fatigue. Identified correlates were used to create a conceptual model in 

which to study the relationships between these factors and how these factors may 

influence each other (Figure 2). This model was used in Chapter 3 to further 

understand the relationships between select physiologic factors the experience of 

fatigue. 



 8 

  

Figure 2. Conceptual Model for Heart Failure Related Fatigue 

 

Manuscript Methods  

 The first manuscript (Chapter 2) addresses Aim 1 and was completed to 

gain mechanistic insight into HF-related fatigue. A literature search was 

completed using the University of Maryland, Baltimore OneSearch search engine. 

Search terms included: “heart failure or cardiac failure or congestive heart failure 

or chronic heart failure”, “fatigue or exhaustion or tiredness or lethargy”, and 

“correlate or association or predictor”. The search was limited to peer reviewed, 

primary research articles published in the English language. To ensure a 

comprehensive review, the search was not limited to publication year. Backward 

referencing was completed to identify articles missed in the initial search. A 
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synthesis of the literature culminated into a conceptual model to explore identified 

correlates of HF-related fatigue including their relationship to each other and 

mediation or moderation effects. This model was used to guide the second 

manuscript.  

 The second manuscript is an exploratory study of data from the 2015-2018 

National Health and Nutrition Examination Survey (NHANES). Participants were 

included if they had HF and participated in a mobile examination center session. 

Participants were excluded if they self-reported current medical diagnoses known 

to contribute to fatigue including stroke, cancer, chronic obstructive pulmonary 

disease (COPD), emphysema, liver disease, renal failure, rheumatoid arthritis, and 

chronic bronchitis. The purpose of this study was to explore the relationship of 

select physiologic variables identified in the first manuscript to fatigue in 

participants with HF. The hypothesis was that an elevated serum osmolality, or 

the presence of dyspnea would increase the odds of having fatigue while 

controlling for known physiologic correlates including age, gender, and anemia. 

Using complex sample analysis with appropriate sample weights, descriptive 

statistics were completed to describe the sample and independent t-tests and chi-

square tests of independence completed to explore differences between fatigued 

and non-fatigued participants with HF. Unadjusted and adjusted logistic 

regression models were generated to assess predictive models of fatigue.  

Manuscript three is a secondary analysis from a small pilot study that 

explored the relationship between platelet energy metabolism and fatigue in 

stroke survivors (Klinedinst et al., 2019). Stroke survivors were eligible to 
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participate if they were between the ages of 50-80, had an ischemic stroke more 

than two weeks prior to the study visit and were able to speak and understand the 

English language. Stroke survivors with global aphasia, or a co-morbid condition 

known to reduce mitochondrial function, and those with incomplete bioenergetic 

profiles were excluded. The purpose of this analysis was to explore relationships 

of EDS with sleep quality, BMI, inflammation, and cellular energy metabolism of 

platelets in stroke survivors. EDS was hypothesized to be negatively related to 

oxygen consumption rates of platelets and sleep quality and have a positive 

association with pro-inflammatory markers CRP, IL-6, IL-1β and TNF-α, and 

BMI. Descriptive statistics were used to describe the sample and non-parametric 

correlations used to explore relationships. 

Summary 

 This first chapter provides a background and justification for the purposes 

of this dissertation. The following chapters include three manuscripts consistent 

with the aims of the study (Chapters 2 to 4). Chapter 2 provides a synthesis of 

identified factors associated with HF-related fatigue and provides a conceptual 

model for exploring physiologic, psychologic, situational, and individual factors 

that influence the symptom. Using this model, select physiologic factors were 

explored in Chapter 3 using the publicly available database from NHANES. 

Chapter 4 addresses excessive daytime sleepiness and energy metabolism of 

platelets in stroke survivors. This study was completed due to restrictions put in 

place by the COVID-19 pandemic which limited close contact with research 

participants that inhibited primary data collection. Instead, this preliminary study 
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on EDS and the relationship to platelet energy metabolism in stroke was 

conducted so that future work could be completed assessing HF-related fatigue 

and cellular energy metabolism. Chapter 5 concludes this dissertation with a 

summary of findings from Chapters 2 through 4, implications for practice and 

recommendations for future research.  
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Chapter 2: Fatigue in Heart Failure: A Review of the Scientific Literature 

Heart failure (HF) is a syndrome that results from a structural or functional 

cardiac abnormality with a consequent decline in cardiac output (Bozkurt et al., 

2021). It is further characterized by manifestations associated with pulmonary 

and/or peripheral congestion and may include symptoms of fatigue and reduced 

exercise tolerance (Bozkurt et al., 2021). While new classifications of HF have 

recently been introduced (Bozkurt et al., 2021), two prominent types of HF have 

been used in the literature to discriminate between patients with a reduced 

ventricular ejection fraction (HFrEF) versus those with manifestations of HF but 

with a preserved (minimal to no change) ventricular ejection fraction (HFpEF). 

These categories are used to guide treatment modalities. While most research has 

been completed with HFrEF on underlying pathophysiology and effective medical 

management, HFpEF remains poorly understood. Further, treatment modalities 

used for HFrEF have not all proven to be effective in HFpEF (Xanthopoulos et 

al., 2018). Persons with HF, regardless of classification, may experience fatigue 

as a defining symptom of the syndrome.  

Fatigue is a highly prevalent symptom reported in studies at 53 – 100% of 

persons with HF (Schjoedt et al., 2016). HF-related fatigue is described as a 

highly distressing symptom that is experienced in well compensated (Schjoedt et 

al., 2016) and decompensated states (Reeder et al., 2015). Qualitative research 

findings reveal HF-related fatigue as a subjective experience that is non-specific 

and non-observable by others. It is described as “a pervasive and unignorable 

bodily experience” that places limitations on daily physical activities with loss of 
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self-esteem and a failure of others to understand the symptom (Schjoedt et al., 

2016). Moreover, HF-related fatigue is an independent predictor of worsening 

prognosis (Perez-Moreno et al., 2014) and mortality (Ekman et al., 2005). Despite 

the high prevalence and associated physiologic and psychologic morbidity, HF-

related fatigue remains poorly understood.  

Fatigue is often attributed to physical exertion. In fact, the New York 

Heart Association (NYHA) classification of HF, a commonly used scale to 

determine disease severity, uses fatigue with exertion as an indication of 

worsening disease. However, there are two types of fatigue experienced in HF, 

exertional and general fatigue (Smith et al., 2007; Tiesinga et al., 1998). 

Exertional fatigue is related to physical activity and indicates a reversible decline 

in skeletal muscle performance over time. General fatigue is described as an 

unpredictable, total body experience (Schjoedt et al., 2016) not associated with 

exertion, nor alleviated with rest (Schjoedt et al., 2016; Smith et al., 2007). 

Exertional and general fatigue have been differentiated qualitatively (Smith et al., 

2007) and have been found to have different disease trajectories (Smith et al., 

2010). Interventions for both types of fatigue are focused on exercise training 

(Davies et al., 2010). However, exercise capability is affected by symptoms like 

shortness of breath and thus the ability to engage in physical activity. Moreover, 

compliance with exercise recommendations is poor and poor adherence is 

associated with increased risk of hospitalization and mortality (van der Wal et al., 

2005). Therefore, it is imperative to understand underlying mechanisms and 

correlates of fatigue so that other therapeutic measures can be developed.  
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The Theory of Unpleasant Symptoms (TOUS) is a middle-range theory 

developed to study the characteristics and experience of disease-related 

symptoms, specifically dyspnea and fatigue (Lenz et al., 1997). The TOUS was 

used as a framework to understand mechanisms and correlates of fatigue in HF in 

this review. According to the TOUS, the experience of an unpleasant symptom 

such as fatigue is influenced by antecedent physiologic, psychologic, and 

situational factors that may also influence each other (Lenz et al., 1997). 

Influencing physiologic factors include physiologic functioning of body systems 

and the presence of disease or pathology. Psychologic factors include mood or 

mental state and the reaction to illness including the degree of uncertainty or 

understanding of symptoms and their meaning. Situational factors are those 

associated with the person’s social or physical environment such as marital status, 

employment, access to health care resources and lifestyle behaviors (Lenz et al., 

1997). Symptoms are considered multidimensional and can vary in duration, 

intensity, quality, and perceived distress. The TOUS asserts that symptoms may 

be experienced in singularity or in clusters. When multiple symptoms are 

experienced together, the interaction of those symptoms may potentiate the 

experience of each individual symptom. Subsequently, experience of the 

symptom can contribute to changes in patient outcomes, such as decreases in 

physical and cognitive functioning, which in turn, may influence the symptom/s 

and the antecedent physiologic, psychologic, and situational factors (Lenz et al., 

1997). 
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The purposes of this article are to describe correlates of fatigue in heart 

failure based on the TOUS, identify knowledge gaps, and propose a conceptual 

model for describing and evaluating contributing factors to fatigue in heart failure. 

Methods 

 Search strategies. A literature search was completed using the University 

of Maryland, Baltimore OneSearch search engine. OneSearch searches across a 

range of library resources and disciplines including but not limited to Cumulative 

Index of Nursing and Allied Health Literature (CINAHL), MEDLINE, 

PubMed.gov, Cochrane Database of Systematic Reviews, Science Direct, Social 

Sciences Citation Index and SocINDEX, and was used to identify articles. Search 

terms included: “heart failure or cardiac failure or congestive heart failure or 

chronic heart failure”, “fatigue or exhaustion or tiredness or lethargy”, and 

“correlate or association or predictor”. The search was limited to peer reviewed, 

primary research articles published in the English language. To ensure a 

comprehensive review, the search was not limited to publication year.  Reference 

lists in these articles were also reviewed for articles missed in the initial search.  

Results 

 The initial search resulted in 655 articles. Following removal of 

duplicates, 528 article titles and abstracts were reviewed for relevance. Articles 

were further reviewed if the abstract indicated a study of fatigue specific to heart 

failure in adults 18 years of age or older. We reviewed 205 full-text articles and 

excluded 167 because they did not describe correlates or predictors of fatigue 

specific to HF. Four articles were identified outside of the initial search through 
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backwards referencing and added to the total for analysis (Figure 3). A total of 42 

articles were selected for analysis and summarized in Tables 1 and 2. Most studies 

were cross-sectional in design (42.8%). Eighteen of the studies reviewed reported 

fatigue prevalence with a range of 28.2 -100%. Five studies measured general 

fatigue as a separate concept from exertional fatigue (Fink et al., 2012; Heo, S. et 

al., 2016; Lee et al., 2010; Smith et al., 2010; Williams, 2017). Following a 

review of the identified literature, we synthesized the findings and developed a 

conceptual model for studying HF-related general fatigue.  

  

Figure 3. PRISMA diagram of the Literature Search and Selection 
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Table 1. Study Characteristics of Literature Reviewed 

 
No. (%) 

N=42 

Study Setting by Country  

  United States   25 (59.5%) 

  Europe (Netherlands, Sweden)   9 (21.4%) 

  Asia (China, Taiwan) 4 (9.5%) 

  England 1 (2.3%) 

  United Kingdom 1 (2.3%) 

  Greece  1 (2.3%) 

   

Japan 

1 (2.3%) 

  

    

Population  

  HFrEF   17 (40.5%) 

  HFrEF and HFpEF   25 (59.5%) 

  

Study Design   

  Secondary Data Analysis   16 (38%) 

  Cross-Sectional  18 (42.8%) 

  Cohort  4 (9.5%) 

  Mixed Methods 3 (7.1%) 

  Qualitative 1 (2.3%) 

  

*Measures of Fatigue  

  Chronic HF Questionnaire – Fatigue  1 (2.3%) 

  Cohen-Hoberman Inventory of Physical Symptoms 1 (2.3%) 

  Dutch Exertional Fatigue Scale 4 (9.5%) 

  Fatigue Assessment Scale  4 (9.5%) 

  Fatigue Impact Scale 1 (2.3%) 

  Fatigue Interview Schedule 1 (2.3%) 

  Fatigue Symptom Inventory   1 (2.3%) 

  ICD-9 code/clinical notes 3 (7.1%) 

  Investigator developed tool  5 (11.9%) 

  Kansas City Cardiomyopathy Questionnaire 3 (7.1%) 

  Minnesota Living with Heart Failure Questionnaire 4 (9.5%) 

  Multidimensional Assessment of Fatigue 5 (11.9%) 

  Multidimensional Fatigue Inventory 3 (7.1%) 

  Multidimensional Fatigue Symptom Inventory 1 (2.3%) 

  Piper Fatigue Scale 1 (2.3%) 

  Profile of Mood States – Fatigue 3 (7.1%) 

  Tang Fatigue Rating Scale 1 (2.3%) 

  Visual Analog Scale – Fatigue 5 (11.9%) 

  Yale Dyspnea-Fatigue Index  1 (2.3%) 

*Note: HFrEF = heart failure with reduced ejection fraction, HFpEF = 

heart failure with a preserved ejection fraction. Numbers will not sum to 
total as some studies used more than one measurement tool 
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Table 2. Correlates of Fatigue in Heart Failure 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 

Albert et 

al, (2010) 

 

 

 

N = 276 

 

US 

 

HFrEF  

 

Mean 

age 61.6 

years 

 

65.2% 

Male  

 

58.3%  

White 

39.9%  

Black  

Cross-

sectional  

 

 

 

 

 

Investigator 

created tool  

 

 

43.1% 

 

 

 

 

Fatigue associated with 

worsening functional 

class  

 

Greater number of 

patients had fatigue in 

higher NYHA classes 

(80% in class IV) 

compared to lower 

classes (25% in class I) 

 

Total number of 

symptoms nor 

prevalence of individual 

symptoms differed by 

age.  

Barnes et 

al, (2006)  

 

 

N = 542 

 

UK  

 

HFrEF 

and 

HFpEF  

 

NYHA 

class II-

IV 

 

Age 60 

or older  

 

Mean 

age not 

reported  

 

54% 

Male  

 

Race 

not 

reported 

Mixed 

methods  

 

 

 

Kansas City 

Cardio-

myopathy 
Questionnaire   

  

99% 

 

 

Significant association 

between frequency and 

burden of fatigue 

(fatigue: x2 = 318.19, df 

= 4, p< 0.001)  

Example, 63% of those 

experiencing fatigue 

daily had high symptom 

burden. 

 

Fatigue most prevalent 

symptom experienced at 

least daily (53%) 

 

59% were extremely 

bothered by fatigue  

 

Qualitative: Main 

themes regarding HF 

symptoms: (a) effect on 

activities of daily living, 

(b) restricted mobility, 

(c) feelings of 

uselessness, and (d) 

confusion over the cause 

of the symptoms. 
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Table 2. Continued 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 

Carlson 

et al., 

(2013)  

 

 

 

N= 265 

 

US  

 

69.1% 

HFrEF  

18.9% 

HFpEF 

12.1% 
Mixed  

                          

Mean 

age 

61.89 

years 

 

64.2% 

Male  

 

61.9% 

White  

34.7% 

Black  

 

Secondar

y 

analysis 

of cross-

sectional 

data 

 

 

 
 

 

 

Kansas City 

Cardio-

myopathy 
Questionnaire   

 

61.5% Physical and social 

function mediated the 

effects of fatigue on 

overall perceived health  

Chen et 

al., 

(2010) 

 

 

N = 105  

 

Taiwan 

 

HF  

 

NYHA 

I-IV 

92.3% 

class II-

III 

 

Mean 

age 

65.15 

years  

 

64.8% 

Male 
 

Cross-

sectional  

 

 

 

Piper 

Fatigue 

Scale  

 

 

 

  

84.7% 

 

 

 

Fatigue with age (r = 

0.23, p<.05) 

Fatigue with depression 

(r = 0.50, p<.001) 

Fatigue with anxiety (r = 

.49, p<.001)  

Fatigue with health care 

provider support (-.20, 

p<.05) 

 

Patients taking diuretics 

had a higher mean level 

of fatigue than those not 

taking diuretics  

 

Higher NYHA class 

experienced more severe 

fatigue 

 
NYHA class, symptom 

distress, depression, 
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Table 2. Continued 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 

Race 

not 

reported  

 

anxiety all independent 

predictors of fatigue 

 

No association with 

support from friends or 

family 

Conley et 

al., 

(2015) 
 

 

N=173 

 

US  
 

NYHA 

class I-

IV  

54.9% - 

II 

35.3% - 

III 

 

89% 

HFrEF  

7.5% 

HFpEF 

 

Mean 

age 60.4 

years 

 

65% 

Male 

64% 

White 

 

Secondary 

analysis 

of cross-

sectional 

data 

 

Global 

Fatigue 

Index  

54.3% 

 

 

Fatigue with pain (r = -

.375, p<.0001) 

 
Fatigue with depression 

(r = .552, p<.0001) 

 

Fatigue with functional 

performance/role 

limitations (r = -.527, p 

<.0001)  

 

Fatigue with 6MWT (r = 

-.26, p = .002)  

 

No correlation with 

NYHA class  

No correlation with age 

No correlation with 

number of comorbid 

conditions 

No correlation to BMI 

No correlation to LVEF 

 

Regression – controlling 

for age, sex, BMI, 

LVEF, comorbid 

conditions, fatigue 

contributed 32% of the 

variance with the ability 

to complete activities of 

daily living 

Ekman et 

al., 

(2005)  

 

 

N = 

3029  

 

Europe 

 

HFrEF
  

 

Secondary 

analysis 

of a ran-

domized 

control 

trial  
 

 

 

Investigator 

created tool  

 

 

Not 

reported 

Fatigue was an 

independent predictor of 

mortality, all cause 

hospitalization and 

worsening HF (NYHA 

classification) 
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Table 2. Continued 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 

Mean 

age 62 

years  

 

79% 

Male 

 

Race 

not 
reported  

 

Ekman et 

al., 

(2002) 

 

 

N = 158 

 

Europe 

 

HFrEF 

and 

HFpEF  

 

Mean 

age 

women 

83 years 

 

Mean 

age men 

78 years 

 

58% 

Male 

 

Race 

not 

reported  

Mixed 

methods  

 

 

Fatigue 

Interview 

Schedule  

 

Visual 

Analog 

Scale: 0–10-

point scale  

 

Severity of 

fatigue 

measured on 

3-point 

Likert scale: 

mild, 

medium or 

severe 

90.5% Women reported more 

severe fatigue than men  

Women associated 

fatigue with older age 

Evangelis

ta et al., 

(2008) 

 

 

 

N=150  

 

US 

 

HFrEF  

 

Mean 

age 55 

years 
 

73% 

Male  

Cross -

sectional  

 

Profile of 

Mood States 

– Fatigue  

 

 

 

 

 

Not 

reported 

 

 

 

 

 

Fatigue and QOL (r = 

.596, p<.001)  

Fatigue and depression 

(r = .576, p<.001) 

Fatigue and peak VO2 (r 

= -.227, p<.05) 

Fatigue and use of 

statins (r = .204, p<.05) 

Fatigue and maximal 
workload (r = -.354, 

p<.001) 
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Table 2. Continued 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 

 

66% 

White  

 

Independent predictors 

of fatigue included 

lower maximal 

workload, depression, 

physical and emotional 

health scores 

 

Peak VO2 and maximal 

workload were 
significantly lower in 

patients who reported 

high levels of fatigue 

compared with those 

reporting lower levels of 

fatigue. 

No sex differences 

between fatigue vs non-

fatigued 

Age, sex, HF etiology, 

NHYA class, EF not 

correlated with fatigue 

Falk, et 

al., 

(2009) 

 

 

 

N= 112 

 

Sweden  

 

49% 

HFrEF  

32% 

HFpEF  

 

Mean 

age not 

reported 

89% > 

65 years 

of age  

 

60% 

Male  

 

 

 

Cross-

sectional  

 

 

 

Multi-

dimensional 

Fatigue 

Inventory  

 

 

Not 

reported 

 

 

 

 

 

 

 

 

 

 

General fatigue with 

cerebrovascular 

incidence (r =.310, < p 

.01) 

Physical fatigue with 

cerebrovascular 

incidence (r=.203, p< 

.05) 

Physical fatigue with 

Higher NYHA class 

(r=.203, p =.05) 

 

Highest mean score for 

symptom distress was 

with general fatigue 

 

No sex or age 

differences in fatigue; 

however, women 

reported more symptom 

distress than men  

 
Anxiety explained 25% 

of variance in mental 

fatigue 
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Table 2. Continued 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 

Depression explained 

15% of variance in 

general fatigue 

Symptom distress 

explained 4% of 

variance in general 

fatigue  

 

Most distressing 
(intense) symptom was 

fatigue 

 

Falk et 

al., 

(2007)  

 

 

 

 

 

N= 93  

 

HFrEF 

and 

HFpEF 

 

Europe 

 

Mean 

age 74 

 

52% 

Male  

 

 

Secondary 

analysis 

of pro-

spective 

survey 

data  

 

 

 

 Multi-

dimensional 

Fatigue 

Inventory  

  

 

 

 

98.9% 

 

 

General fatigue and 

higher NYHA class (β =  

 .44, p <.001)  

 

Exertional fatigue and 

higher NYHA class (β = 

.37, p<.001). 

 

General fatigue (not 

exertional) associated 

with sense of coherence 

(β = -.23, p <.05)  

 

Exertional fatigue 

associated with 

uncertainty  

Age not associated with 

general or exertional 

fatigue 

No differences with 

fatigue among sexes 

Falk et 

al., 

(2006) 

 

  

 

 

N= 93  

 

Europe 

 

HFrEF 

and 

HFpEF 

 

Mean 

age 74  
 

52% 

Male  

Secondary 
analysis 

of pro-

spective 

survey 

data  

 

Multi-

dimensional 

Fatigue 

Inventory  

 

 

 

98.9% 

 

 

General fatigue with 

QOL (r = -.285, p <.01) 

partial correlation 

controlling for NYHA 

class  

 

Exertional fatigue and 

QOL (r = -.423, <.01) 

partial correlation 

controlling for NYHA 
class  
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Table 2. Continued 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 

  Mental fatigue and QOL 

(r = -.235, p<.05) partial 

correlation controlling 

for NYHA class  

 

No sex differences in 

reported fatigue 

 

No age differences with 
fatigue 

 

Anemic patients 

complained of 

statistically significant 

more fatigue than non-

anemic 

 

No statistical differences 

between fatigue scores 

of moderate to severe 

anemia 

 

Controlling for age and 

sex, 30% of variance in 

general fatigue was 

explained by decreased 

hemoglobin (β = -.23) 

and higher NYHA class 

(β =.47) 

 

Higher NYHA class 

explained 21% of 

variance in exertional 

fatigue  

 

Fink et 

al., 

(2012)  

 

 

 

N= 59  

 

US  

 

HFrEF  

 

N = 25 

age, sex 
and race 

matched 

Cross-

Sectional  

 

 

Profile of 

Mood 

States-

Fatigue 

 

not 

reported  

  

Fatigue with higher 

NYHA class (r = .44, 

p<.001) 

 

Fatigue with depression 

(r = .79, p<.05) 

 

Fatigue with poor sleep 
quality (r = .40, p<.05) 
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Table 2. Continued 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 

healthy 

controls  

 

mean 

age: 61 

 

58% 

Male 

 
69% 

Black 

14% 

White 

 

Healthy 

controls 

mean 

age: 57 

 

40% 

Male  

 

64% 

Black,  

28% 

White 

 

Fatigue not correlated 

with TNF- α, IL-6, IL-

10 or CRP 

 

Fatigue not correlated 

with age, BMI, EF  

 

Controlling for sleep – 

fatigue was greater in 
HFrEF than controls 

 

Controlling for 

depression, fatigue no 

longer differed between 

HF and control groups 

 

Fatigue correlated with 

HF prognosis (survival) 

– fatigue incrementally 

increased with 

worsening prognosis 

(Seattle Heart Failure 

Model) 

Fink et 

al., 

(2009)  

 

 

 

N= 87  

 

US 

 

HFrEF 

 

Mean 

age 57 

 

44% 

Male 

 

77% 

Black  

  

Cross-

sectional  

 

  

Fatigue 

Symptom 

Inventory 

Interference 

Scale (FSI)  

 

Profile of 

Mood States 

(POMS-F)  

 

Profile of 

mood states 

- vigor 

(POMS-V)  
 

 
 

 

88.1 

using 

FSI 

 

96.6% 

using 

POMS-

F 

 

Fatigue (FSI) with 

depression (r=.43, p = 

.01) 

 

Fatigue (POMS-F) with 

depression (r = 0.64, p 

=.01) 

 

Fatigue (FSI) with Hgb 

categories (r = -.38, p 

=.01) 

 

Fatigue (FSI) with 

NYHA class (r = .29, 

p<.05) 

 
Fatigue (FSI) with 

physical functioning (r = 

-.44, p=.01) 
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Table 2. Continued 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 

 

Fatigue (POMS-F) with 

physical functioning (r = 

-.33, p=.01) 

 

No sex differences 

No racial differences 

Fatigue not correlated 

with age, years 
diagnosed with the 

disease, EF, BNP, or 

BMI using FSI or 

POMS-F 

 

Hgb lower than 11 had 

significantly higher FSI 

scores compared to Hgb 

> 13  

 

Hgb categories and 

physical functioning 

explained 30% of 

variance in FSI fatigue 

scores  

 

Depression, physical 

functioning explained 

47% of variance in 

POMS-F fatigue scores 

Friedman 

et al., 

(1995) 

 

 

 

 

N= 80 

 

US  

 

HF  

 

Mean 

EF 39%  

 

Mean 

age 76 

years 

 

100% 
Female 

  

Cohort 

study  

 

Cohen-

Hoberman 

Inventory of 

Physical 

Symptoms  

Time 1: 

76% 

 

Time 2: 

91% 

 

 

Fatigue with sleep 

difficulties (r = .48, p 

<.001) 

 

Fatigue with chest pain 

(r = .46, p <.001) 

 

Fatigue with weakness (r 

= .43, p <.001) 

 

Fatigue with poor 

appetite (r = .37, p 

<.001) 

 
Fatigue with severe 

aches and pains (r = .36, 

p <.001) 
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Table 2. Continued 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 

80% 

White  

20% 

Black 

 

Fatigue with dizziness (r 

= .36, p <.001) 

 

Fatigue with headaches 

(r = .35, p <.001) 

 

Fatigue with palpitations 

(r = .37, p <.001)  
 

Fatigue with shortness 

of breath (r = .37, p 

<.001) 

 

Fatigue with perceived 

stress (r = .43, p<.01) 

 

Fatigue with satisfaction 

with life (r = -.36, 

p<.01)  

 

Fatigue with 

optimism/pessimism (r = 

.24, p<.05) 

Guglin et 

al., 

(2012) 

 

 

N = 433  

 

US 

 

HFrEF 

 

Mean 

age 56.1 

years  

 

74% 

Male 

 

59.5% 

White 

Secondary 

analysis 

of a ran-

domized 

control 

trial 

 

 

 

Minnesota 

Living with 

Heart 

Failure 
Questionnaire 
  

Not 

reported 

 

 

Fatigue with pulmonary 

artery diastolic pressure 

(β = .02, p=.04) 

 

Fatigue with serum 

sodium (β = -.04, p 

=.04) 

 

Fatigue with hemoglobin 

(β = -.01, p <.01)  

 

No correlation with 

symptoms to NYHA 

class, age, sex, peak 

VO2, BMI, BNP, CO, 

CI, or Troponin 
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Table 2. Continued 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 

Heo et 

al., 

(2016) 

 

 

N = 582  

 

US 

 

HF  

 

Mean 

age 63.2 

years  
 

54.6% 

Male  

 

51.2% 

White  

Secondary 

analysis 

of 

warehous

e data 

 

  

ICD-9 codes  45.3% The fatigue-only group 

had more 

hospitalizations than the 

no-symptoms group  

 

In contrast, among 

women, the fatigue-only 

group and the 

depression-only group 
had more 

hospitalizations than the 

no-symptom group. 

Heo et 

al., 

(2019) 

 

 

 

N = 582 

 

US 

 

HFrEF 

= 48.5% 

HFpEF 

= 51.5% 

 

Mean 

age 63.2  

 

54.5% 

Male 

 

51.2% 

White 

 

Secondary 

analysis 

of ware-

house 

data 

 

 

ICD-9 codes  45.4% A diagnosis of fatigue 

was a significant factor 

associated with more use 

of medical services in 

the total sample (β = .18, 

p < .001), with reduced 

LVEF (β = .13, p = 

.008), and preserved 

LVEF (β = .21, p < 

.001), controlling for all 

covariates 

 

Huang et 

al., 

(2018) 

 

 

N= 258  

 

Taiwan 

 

HF 

 

Mean 

age not 

reported 

55% > 
65 years  

 

Cohort  

 

 

Minnesota 

Living with 

Heart 

Failure 
Questionnaire 

 

 

Not 

reported 

 

 

Authors grouped fatigue 

with dyspnea, leg edema 

sleeplessness, poor 

appetite, and poor 

memory 

 

Non typical group = low 

severity fatigue 

 

Typical group = high 
level of fatigue and 

dyspnea, low edema, 
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Table 2. Continued 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 

75% 

Male 

 

Race 

not 

reported 

moderate all other 

symptoms 

 

Atypical group = low 

severity for dyspnea and 

fatigue, high edema, 

moderate all other  

 

Cox proportional hazard 
-time to cardiac event – 

showed no difference 

between typical and 

atypical symptom 

clusters 

 

Participants less likely to 

be in the typical group if 

they lived with someone 

or had a higher 

perceived level of 

control  

Jeon et 

al., 

(2020)  

 

 

 

N = 135  

 

US 

 

HFrEF 

and 

HFpEF  

 

Mean 

age 60.6 

years  

 

65.2% 

Male 

 

Race 

not 

reported  

Cross-

sectional 

Multi-

dimensional 

Assessment 

of Fatigue 

Scale 

 

Calculated 

“sensory 

fatigue” = 

averaged 

degree, 

severity, and 

distress for 

symptom of 

fatigue 

Not 

reported 

 

Sensory fatigue was 

negatively associated 

with circadian quotient 

(r = -0.21, p<.05) 

 

Sensory fatigue no 

statistically significant 

relationship with 

interdaily stability 

(adherence to circadian 

rhythm) or intradaily 

variability 

(fragmentation of 

circadian rhythm) 
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Table 2. Continued 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 

Jeon & 

Redeker, 

(2016)  

 

 

N = 173 

 

US 

 

HFrEF 

and 

HFpEF  

 

Mean 
age 60.4  

 

65.3% 

Male 

  

Race 

not 

reported  

Secondary 

analysis 

of cross-

sectional 

data 

Global 

Fatigue 

Index  

29.8% 

 

 

Fatigue with insomnia (r 

= .40) 

 

Fatigue with PSQI (r = 

.47) 

 

Fatigue with resp 

disturbance index (r = -

.05) 
 

Fatigue with daytime 

sleepiness (r = .27) 

 

Fatigue with depression 

(r = .55) 

 

Fatigue with functional 

performance (r = -.50) 

 

Fatigue with 6 MWT (r 

= - .26) 

 

Kessing 

et al., 

(2016)  

 

 

N = 545  

 

Netherla

nds 

 

HFrEF  

 

Mean 

age 66.2 

years 

 

75% 

Male  

 

Race 

not 

reported 

Secondary 

analysis 

of pro-

spective, 

cross-

sectional 

data 

 

 

 

General 

fatigue = 

Fatigue 

Assessment 

Scale 

 

Exertional 

fatigue = 

Dutch 

Exertion 

Fatigue 

Scale  

 

 

Not 

reported 

 

 

 

 

 

 

General Fatigue with 

sleep problems (r = 0.42, 

p<.001)   

 

Exertion fatigue with 

sleep problems (r = 0.35, 

p<.001) 

 

Exertional fatigue with 

anxiety-depression (r = 

0.39, p<.001)  

General fatigue with 

anxiety-depression (r = 

0.55, p<.001) 

 

Univariate associations 

between general and 

exertion fatigue and 

poor self- care and 

consulting 

behavior were small to 
moderate (r ranging 

from .14 - .16, p <.001) 
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Table 2. Continued 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 

General fatigue 

significantly associated 

with poor self-care in 

unadjusted and adjusted 

multivariable analysis  

Lee et al., 

(2010)  

 

 

 

N = 331  

 

US 

 

HFrEF 

and 

HFpEF  

 

Mean 

age 61 

years 

 

65.2% 

Male  

 

81% 

White  

 

Secondary 

analysis 

of 3 pro-

spective, 

long-

itudinal 

studies  

 

 

 

Minnesota 

Living with 

Heart 

Failure 

Questionnai

re 

 

 

 

 

 

Not 

reported 

 

 

 

 

Fatigue/low energy was 

most distressing 

symptom 

 

Women experienced 

more distress from 

fatigue than men 

 

Cluster 1 = dyspnea, 

fatigue increased need to 

rest and fatigue/low 

energy and sleep 

disturbances. 

 

Patients in the physical 

distress and high distress 

groups consisted 

primarily of females and 

those of NYHA 

functional classes III and 

IV 

 

Patients in the 

emotional/ cognitive 

distress (hazard ratio 

[HR], 2.40; 95% 

confidence interval, 1.31 

- 4.41) and high distress 

groups (HR, 2.02; 95% 

confidence interval, 1.03 

- 3.95) had a higher risk 

for a cardiac event 

compared with those in 

the low distress group. 
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Table 2. Continued 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 

Mills et 

al., 

(2015)  

 

 

 

N=132 

 

US 

 

HFrEF 

and 

HFpEF 

 

Mean 
age 66.5 

years  

 

93% 

Male  

 

80% 

White 

11% 

Black  

 Multi-

dimensional 

Fatigue 

Symptom 

Inventory-

Short Form 

(MFSI-SF)  

 

Not 

reported 

 

Fatigue with depression 

(r = .757, p<.001) 

 

Fatigue with spiritual 

well-being (r = -.569, 

p<.001)  

 

Fatigue with sleep 

quality (r = .474, 
p<.001) 

 

Low fatigue predicted 

lower depression 

 

 

 

Moser et 

al., 

(2014)  

 

 

 

N = 720  

 

US (N = 

240) 

Asia (N 

= 240) 

Europe 

(N = 

240)  

 

HFrEF 

and 

HFpEF  

 

Mean 

age 66.3 

years  

 

63.2% 

Male  

 

  

Cross-

sectional 

 

 

Minnesota 

Living with 

Heart 

Failure 
Questionnaire 
  

Not 

reported 

 

 

 

 

 

. 

US – dyspnea, difficult 

walking or climbing, 

fatigue/increased need to 

rest, and fatigue/low 

energy 

 

US - Worrying, feeling 

depressed, cognitive 

problems, and sleep 

difficulties were grouped 

into a cluster, which was 

labeled as an 

emotional/cognitive 

symptom cluster 

 

Asia –  dyspnea, 

difficulty in walking or 

climbing, 

fatigue/increased need to 

rest, and fatigue/low 

energy as in the United 

States, but also included 

sleep difficulties 

emotional/cognitive 
cluster and consisted of 

worrying, feeling 
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Table 2. Continued 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 

depressed, and cognitive 

problems 

 

Europe - dyspnea, 

difficulty in walking or 

climbing, fatigue/ 

increased need to rest, 

and fatigue/low energy. 

 
Worrying, feeling 

depressed, and cognitive 

problems 

edema and sleep 

difficulties clustered 

together to form a third 

cluster 

 

Okada 

(2019)  

 

 

N = 109  

 

Japan 

 

HF 

 

Mean 

age 74.9 

years 

 

64.2% 

Male  

 

Race 

not 

reported  

 

Cross-

sectional 

 

Investigator 

created tool 

 

Not 

reported 

 

Perception of fatigue 

associated with delay in 

seeking medical 

attention 

Perez-

Moreno 

et al., 

(2014)  

 

 

N = 

3830 

 

US 

 

HFrEF 

 

Mean 

age 73 
years  

 

Secondary 

analysis 

of a ran-

domized 

control 

drug trial  

 

Investigator 

created tool 

 

 

Not 

reported 

 

 

 

Higher levels of fatigue 

were more likely to be: 

older, female with lower 

SBP, higher heart rates, 

higher NYHA 

classification, higher 

CRP, higher NT-

proBNP, and treated 

with diuretic 
 

Higher symptom 

severity = increased 
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Table 2. Continued 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 

78.8% 

Male  

 

98.4% 

White  

 

0.3% 

Black  

likelihood to die from 

any cause, hospitalized 

for worsening HF 

compared to lower 

symptom severity group 

 

Controlling for NT-

proBNP fatigue was 

predictive of mortality 
and hospital admission 

 

Over 6-month period 

those with increased 

fatigue were more likely 

to die from any CV 

cause 

 

P
o
li

k
an

d
ri

o
ti

 (
2
0
1
9
)    N = 120  

 

Greece 

 

HF 

 

Mean 

age not 

reported  

63.3% > 

70 years 

 

61.7% 

Male  

 

Race 

not 

reported  

Cross-

sectional  

 

Minnesota 

Living with 

Heart 

Failure 
Questionnaire 
 

Modified 

Fatigue 

Impact 

Scale – 

Greek  

 

 

Not 

reported 

 

Fatigue and QOL (rho 

.608, p <.001) 

 

An increase in the 

fatigue score indicated 

an increase in the QOL 

score, meaning that the 

more fatigue a patient 

felt the worse the QOL 

also was.  
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Table 2. Continued 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 
R

am
as

am
y
 e

t 
al

.,
 (

2
0
0
6
)   N = 77  

 

US 

 

Non-

valvular 

HF 

 

Mean 
age 

65.38 

years  

 

57 % 

Male  

 

Race 

not 

reported  

Cross-

sectional 

Visual 

Analog 

Scale  

Not 

reported 

 

Dyspnea with fatigue (r 

= 0.62, p<.01) 

Rector et 

al., 

(2006) 

 

 

N = 

1906  

 

US 

 

HFrEF 

 

Mean 

age not 

reported 

46% > 

65 years  

 

77% 

Male  

 

Secondary 

analysis 

of a ran-

domized 

control 

drug trial  

 

 

Minnesota 

Living with 

Heart 

Failure 
Questionnaire 

(MLHFQ) 

 

 

86.1% Fatigue explained 38% 

of variation in MLHFQ 

scores 

 

Redeker 

(2006) 

 

 

N = 61  

 

US  

 

HFrEF  

 

N= 57  

 

HF 

group:  

Cross-

sectional 

Multi-

dimensional 

Assessment 

of fatigue 

scale  

 

Not 

reported 

 

Fatigue with 

Depression- CESD (r = 

.57, p<.001) 

 

Fatigue with Depression 

POMS-D (r = .34, 

p<.001) 

 

Fatigue with Depression  
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Table 2. Continued 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 

Mean 

age 

58.72 

years  

 

62.3% 

Male 

 

59% 
White 

27.1% 

Black 

 

Control 

group: 

Mean 

age 

55.25 

years  

 

47.4% 

Male  

 

81% 

White  

8.8% 

Black  

HADS-D: no correlation  

 

Fatigue with Anxiety – 

POMS TA (r = .42, 

p<.001) 

 

Fatigue with Anxiety – 

HADS-A (r = .49, 

p<.001) 
 

Redeker 

et al., 

(2010)  

 

 

N = 173 

 

US 

 

HF  

 

Mean 

EF 

32.6%  

 

Mean 

age 60.3 

years 

 

65.3%  

Male  
 

63.6% 

White  

Cross-

sectional 

 

 

Multi-

dimensional 

Assessment 

of Fatigue 

Scale  

 

Not 

reported 

 

Type of SDB was not 

associated with fatigue, 

sleep quality, or 

excessive daytime 

sleepiness in linear or 

logistic analyses. 
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Table 2. Continued 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 

Riegel et 

al., 

(2012)  

 

 

N = 280 

 

US 

 

HFrEF 

and 

HFpEF 

 

Mean 
age 62 

 

64% 

Male 

63% 

White  

Cross-

sectional  

 

  

Kansas City 

Cardio-

myopathy 
Questionnaire  

 

28.2% 

 

Compared to non-

fatigued, those with 

severe fatigue were 

more likely to be non-

white, inadequate 

income, perceived health 

as only poor or fair, have 

a higher number of 

prescription 
medications, poor 

sleepers with less sleep 

the night before, more 

drugs that cause daytime 

somnolence, more likely 

to be in NYHA class IV 

and anemic, less likely 

to have atrial fibrillation, 

more likely to have 

HFpEF 

 

Determinants of higher 

levels of fatigue 

included worse sleep 

quality score, and worse 

NYHA class – both 

explained 30% of the 

variance in fatigue  

 

Logistic regression on 

fatigue – sleep quality 

was a significant 

determinant – fatigue 

increased 24% for each 

unit of worsening total 

PSQI score  

Schaefer 

& 

Potylycki 

(1993)  

 

 

N=38  

 

US 

 

HF  

 

Mean 

age 68.9  
 

66% 

Male  

Mixed 

methods  

 

  

Fatigue 

Interview 

Scale   

71% Fatigue with age (r = 

0.39, p <.01)  

 

Patient identified causes 

of fatigue included 

stress, decreased 

activity, disease, 

cigarettes  
 

No relationship with EF, 

hemoglobin  
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Table 2. Continued 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 

 

Race 

not 

reported  

 

Shah et 

al., 

(2002) 

N = 201 

 

US 

 

HFrEF 
 

Mean 

age 65  

 

77% 

Male  

 

Race 

not 

reported  

Secondary 

analysis 

of a ran-

domized 

control 

drug trial  

 

Yale 

Dyspnea-

Fatigue 

Index  

 

Not 

reported 

 

Hemodynamic measures 

did not correlate with 

fatigue including RAP, 

PAP, PAWP, CO, CI or 

6MWT 
 

Improved hemodynamic 

measures (decreased 

PAP, PAWP) not 

associated with 

improved fatigue scores  

Smith et 

al., 

(2010)  

  

 

 

N= 310  

 

Netherla

nds  

 

HFrEF 

 

Mean 

age 72.6 

years 

 

70% 

Male   

 

Race 

not 

reported  

 

Cohort  General 

fatigue = 

Fatigue 

Assessment 

Scale 

 

Exertional 

fatigue = 

Dutch 

Exertion 

Fatigue 

Scale  

 

Not 

reported 

Severe general = 

+smokers, physical 

inactivity, higher NYHA 

class, low exercise 

capacity 

 

Low general = no 

psychotropic meds, 

preserved exercise 

capacity 

 

Severe exertional = 

female, obese, physical 

inactive, low exercise 

capacity, diuretics or 

psychotropic drugs, 

higher NYHA class 

 

Low exertional = males 

 

Severe fatigue both 

general and exertional 

predicted increased 

mortality 
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Table 2. Continued 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 

Smith et 

al., 

(2012) 

 

 

 

 

N= 380  

 

Netherla

nds 

 

HFrEF 

 

Mean 

age 65.8 
years 

 

72.1% 

Male  

 

Race 

not 

reported  

 

Cohort  General 

fatigue = 

Fatigue 

Assessment 

Scale 

 

Exertional 

fatigue = 

Dutch 
Exertion 

Fatigue 

Scale  

 

Not 

reported  

Exertional fatigue with 

depression (r = .54, p = 

0.01) 

 

General fatigue with 

depression (r = .64, p = 

.01) 

 

Fatigue did not 
confound prognosis 

(mortality risk) of 

depression on mortality 

in HF  

 

Exertional fatigue 

predicted increased risk 

in mortality 

 

General fatigue – did not 

predict risk of mortality 

Smith et 

al., 

(2007)  

 

 

 

N = 136  

 

Netherla

nds  

 

HFrEF 

 

Mean 

age 65.6 

years 

 

76.5% 

Male  

Race 

not 

reported  

Cohort  

 

 

 

General 

fatigue = 

Fatigue 

Assessment 

Scale 

 

Exertional 

fatigue = 

Dutch 

Exertion 

Fatigue 

Scale  

 

Not 

reported 

General fatigue with 

NYHA class III/IV (r = 

.26, p .002) 

 

General fatigue with 

sleep problems (r = .42, 

p <.001) 

 

General fatigue with 

dyspnea (r = .45, p 

<.001)  

 

General fatigue with 

cardiac pain (r = .44, p 

<.001) 

 

General fatigue with 

depression (r = .42, p 

<.001)  

 

General fatigue with 

type D personality (r = 

.36, p <.001)  
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Table 2. Continued 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 

Exertional fatigue with 

female sex (r = .23, p 

.007) 

 

Exertional fatigue with 

NYHA class III/IV (r = 

.30, p <.001) 

 

Exertional fatigue 
dyspnea (r = .33, p 

<.001)  

Exertional fatigue 

cardiac pain (r = .42, p 

<.001)  

 

Exertional fatigue 

depression (r = .33, p 

<.001)  

 

Sleep problems, 

dyspnea, depression, and 

type D personality 

predicted general fatigue 

Stephen 

(2008) 

 

 

 

N = 53 

 

US 

 

HFrEF 

 
Mean 

age 77 

years  

 

68% 

Male  

 

Race 

not 

reported  

Cross-

sectional  

 

  

Profile of 

Moods State 

– Fatigue  

 

Visual 

Analog 
Scale (VAS) 

 

 

Fatigue 

attribution 

to older age 

– 5-point 

Likert scale 

– one 

question 

developed 

by 

researchers  

 

 

96% 

had 

fatigue 

via 

POMS-

F 
 

100% 

had 

fatigue 

via 

VAS-F 

 

 

 

Fatigue and HRQOL (r 

= .53, p < .001) 

 

Fatigue with satisfaction 

with life (r = -.46, 

p<.01)  
 

Fatigue with perceived 

health (r = -.39, p<.01)  

 

Fatigue with NYHA 

class (r = .30, p<.05) 

 

Fatigue with dyspnea (r 

= .25, p<.05)  

 

Fatigue with nocturia (r 

= .36, p<.01)  

 

Fatigue with attribution 

of age to symptom of 

fatigue (r = .29, p <.05) - 
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Table 2. Continued 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 

those who attributed 

fatigue to older age 

experienced higher 

fatigue intensity 

 

No association between 

fatigue and sleep 

difficulty 

 
No association between 

fatigue and LVEF 

 

No association between 

fatigue and age 

 

Fatigue explained 28% 

of the variance in 

HRQOL  

 

Mean VAS score 51.8 

(0-100 scale)  

Women measure fatigue 

scores higher than males 

(56 vs 49)  

  

Those with more 

symptoms had higher 

intensity levels of 

fatigue compared to 

those with less 

symptoms 

 

Those who exercised 

had lower levels of 

fatigue intensity 

compared to non-

exercisers – difference 

was not statistically 

significant 

 

 

HRQOL scores were 

higher (poorer) in the 
group who attributed 

fatigue to aging  
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Table 2. Continued 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 

Marital status predicted 

fatigue – married had 

higher fatigue intensity 

than those not married 

Tang et 

al., 

(2010) 

 

 

N = 107  

 

Taiwan 

 

81.3% 

with 

HFrEF  

18.7% 

with 

HFpEF  

 

Mean 

age 

69.31 

years 

 

53.3% 

Male 

 

Race 

not 

reported  

 

Cross-

sectional  

Visual 

Analog 

Scale   

 

Tang 

Fatigue 

Rating Scale  

Not 

reported 

 

 

Those with HFrEF 

experienced more 

fatigue than HFpEF 

 

No differences between 

sexes  

 

Fatigue with NYHA (r = 

0.75, p <.01)  

 

Fatigue with Depression 

(r = 0.77, p <.01) 

Fatigue with Hbg (r = -

0.27, p<.01)  

 

Fatigue with EF (r = -

0.46, p<.010  

 

Fatigue with age not 

correlated 

 



 43 

Table 2. Continued 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 

Walthall 

et al., 

(2019) 

 

 

N = 23  

 

England 

 

HFrEF 

 

Mean 

age 72.5 

years  
 

56.5% 

Male  

 

Race 

not 

reported  

 

Q
u
al

it
at

iv
e 

     Not 

reported 

 

Three key themes were 

identified: fatigue as a 

physical barrier, 

psychological response 

to fatigue, and living 

with fatigue as a part of 

daily life. 

Williams 

(2017) 

 

 

 

 

N = 

12285  

 

US  

 

HFrEF 

and 

HFpEF  

 

Mean 

age 76 

years 

 

49% 

Male  

 

Race 

not 

reported  

 

 

Secondary 

analysis 

of data 

collected 

from 
electronic 

medical 

record 
repository 

Fatigue 

identified by 

ICD-9 code 

or diagnosis, 

clinical 

notes  

  

 

39% Fatigue identified in a 

cluster of symptoms 

with dyspnea, chest 

pain, edema, syncope, 

and palpitations 

 

Those fatigued were 

more likely to be female, 

have depression 

increased co-morbid 

conditions, different labs 

including lower 

albumin, lower RBC 

count, lower potassium, 

lower MCHC, RDW 

(markers of 

dehydration), prescribed 

more medications 

 

Volume depletion, lower 

BMI and abnormal 

weight loss predicted 

fatigue  

 

Fatigue was not 

associated with mortality 
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Table 2. Continued 

Primary 

Author 

(Year) 

Sample 
Design/ 

Method 

Measures 

of Fatigue 

% With 

Fatigue 

Concepts Related to 

Fatigue 

Yu et al., 

(2004) 

 

 

N= 227 

 

China 

 

HFrEF 

and 

HFpEF  

 

Mean 
age 77.1  

 

47.6% 

Male  

 

Race 

not 

reported  

 

Cross-

sectional  

 

Chronic HF 
questionnaire 

(CHQ-C) –  

 

 

Not 

reported 

 

 

 

 

Fatigue with 

anxiety/depression (r = -

.50, p<.001) 

 

Fatigue with adequacy 

with tangible support (r 

= .22, p<.001) 

 

Fatigue with adequacy 
with affectionate support 

(r = .31, p<.001) 

 

Fatigue with positive 

social interaction (r = 

.25, p<.001) 

 

Fatigue with NYHA 

class (r = - .29, p<.001) 

 

Fatigue with Health 

perception (r = .50, 

p<.001) 

 

Fatigue with dyspnea (r 

= .15, p <.05)  

Fatigue with size of 

social network (r = .24, 

p<.001)  

 

Fatigue was not 

associated with number 

of comorbid conditions 

or adequacy of 

emotional information.  

Note. HF=heart failure, HFrEF = heart failure with a reduced ejection fraction, HFpEF 

= heart failure with a preserved ejection fraction, ECHO = echocardiogram, LVEF = 

left ventricular ejection fraction, NYHA = New York Heart Association, BMI = body 

mass index, Hgb = Hemoglobin, EDS = Excessive Daytime Sleepiness, HRQOL = 

health-related quality of life, QOL = quality of life, 6MWT = 6-minute walk test, VO2 

= maximal oxygen consumption, TNF- α = Tumor necrosing factor alpha, IL-6 = 

interleukin-6, IL-10 = interleukin-10, CRP = C-reactive protein, BNP= B-type 

natriuretic peptide, PSQI= Pittsburgh sleep quality index, RAP = right atrial pressure, 

PAP = pulmonary artery pressure, PAWP = pulmonary artery wedge pressure, CO = 

cardiac output, CI = cardiac index, RBC = red blood cells, MCHC = mean corpuscular 

hemoglobin concentration, RDW = red cell distribution width.  
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Concepts Related to HF-Related Fatigue  

 Based on this review, sixteen concepts were identified and grouped 

according to the TOUS as physiologic, psychologic, situational or outcome 

variables.  

Physiologic Concepts 

 Age. Mean ages ranged from 55 to 83 years with a median of 65 years. 

Fifteen studies assessed the relationship between age and fatigue (Albert et al., 

2010; Chen et al., 2010; Conley et al., 2015; Ekman & Ehrenberg, 2002; 

Evangelista et al., 2008; Falk et al., 2006; Falk et al., 2007; Falk, et al., 2009; Fink 

et al., 2009; Fink et al., 2012; Guglin et al., 2012; Perez-Moreno et al., 2014; 

Schaefer & Potylycki, 1993; Stephen, 2008; Tang et al., 2010). Two studies found 

small (r = .23) to moderate (r = .39) correlations (Chen et al., 2010; Schaefer & 

Potylycki, 1993). The remaining studies found no correlation. However, the 

attribution of age to fatigue intensity was described. Chen et al. (2010) found 

higher fatigue intensity with older age, and Stephen et al. (2008) noted a small 

positive correlation between age attribution and fatigue severity (r = .29). Ekman 

et al. (2002) found women were likely to relate fatigue to older age. 

 Sex. Findings on the relationship between sex and fatigue was conflicting. 

A few studies reported no association between sex and fatigue or found no 

differences with fatigue between sex groups (Falk et al., 2006; Falk et al., 2007; 

Fink et al., 2009; Tang et al., 2010). However, a greater number of studies posited 

that females were more likely to experience more severe fatigue than males 

(Ekman & Ehrenberg, 2002; Falk, et al., 2009; Lee et al., 2010; Perez-Moreno et 

al., 2014; Smith et al., 2010; Stephen, 2008). Moreover, Heo et al., (2016) 
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reported women with fatigue had higher rates of hospitalization. Additionally, 

Smith et al., (2007) reported a positive, albeit small correlation (r = .23) between 

fatigue and female sex and Williams et al., (2017) reported those with fatigue 

were more likely to be female than those without fatigue. 

 Dyspnea. Dyspnea is defined as a subjective experience of shortness of 

breath or breathing discomfort with varying degrees of intensity (Parshall et al., 

2012). Fatigue was found to have moderate to strong positive correlations (Falk, 

2009; Friedman & King, 1995; Jeon & Redeker, 2016; Ramasamy et al., 2006; 

Smith et al., 2007; Stephen, 2008; Yu et al., 2004) and consistently placed in a 

symptom cluster with dyspnea in the studies reviewed (Huang et al., 2018; Lee et 

al., 2010; Williams, 2017). Additionally, when grouped with sleep problems and 

depression, dyspnea was found to predict fatigue (Smith et al., 2007). 

 Pain. Four of the studies reviewed measured pain (Conley et al., 2015; 

Friedman & King, 1995; Smith et al., 2007; Williams, 2017). Two studies 

reported the prevalence of pain at 53 - 57% (Conley et al., 2015; Williams, 2017). 

Cardiac pain was identified as the most prevalent type of pain experienced 

(Friedman & King, 1995; Smith et al., 2007; Williams, 2017). Regardless of type 

of pain or tools used to measure pain, pain was found to either have a statistically 

significant correlation, contribute to the variance in fatigue scores or be placed in 

a symptom clustered with fatigue (Conley et al., 2015; Friedman & King, 1995; 

Smith et al., 2007; Williams, 2017). 

 Disease severity. In the articles reviewed, disease severity was assessed 

using the New York Heart Association (NYHA) classification of heart failure, 
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biochemically with N-terminal, pro-hormone, -type natriuretic peptide (NT-pro-

BNP) and via assessment of aerobic exercise capacity with volume of oxygen 

uptake (VO2). 

NYHA Classification Scale. The NYHA classification scale categorizes 

patients into one of four groups based on limitations to physical activity 

secondary to symptoms. Stage I includes those without symptoms nor limitations, 

and stage IV symptoms at rest or with minimal exertion (Heart Failure Society of 

America, 2010). Several cross-sectional and longitudinal studies reviewed showed 

a positive correlation between NYHA classification and fatigue with effect sizes 

ranging from small (r = .20) to large [r = .75] (Falk, et al., 2009; Fink et al., 2009; 

Fink et al., 2012; Smith et al., 2007; Tang et al., 2010; Yu et al., 2004). However, 

three studies found no correlation between NYHA class and fatigue (Conley et al., 

2015; Evangelista et al., 2008; Guglin et al., 2012). NYHA class was also found 

to be a predictor of both general and exertional fatigue when measured separately 

(Falk et al., 2006), in a sample of participants with only HFrEF (Ekman et al., 

2005), and in mixed samples of HFrEF and HFpEF (Chen et al., 2010; Riegel et 

al., 2012). 

NT-pro-BNP. NT-pro BNP was assessed in two studies, neither reported a 

correlation with fatigue (Fink et al., 2009; Guglin et al., 2012). However, Perez-

Moreno et al., (2014) posited patients with HFrEF and NYHA class III-IV 

experiencing fatigue, were more likely to have a higher NT-pro BNP levels and in 

a regression analysis, reported fatigue as a predictor of mortality when controlling 

for NT-pro BNP. 



 48 

VO2. In HF, VO2 is used to assess exercise tolerance and therefore disease 

severity. One study assessed a relationship between fatigue and VO2 (Evangelista 

et al., 2008). In this study, fatigue had a small negative correlation with peak VO2 

(r = -.23), indicating the lower the oxygen uptake the higher the fatigue 

(Evangelista et al., 2008). Peak VO2 was also found to be significantly lower in 

patients that reported high levels of fatigue compared to those with lower levels of 

fatigue (Evangelista et al., 2008). 

 Diuretics. Diuretic use was identified as having an association with 

fatigue in HFrEF and HFpEF (Chen et al., 2010; Perez-Moreno et al., 2014; Smith 

et al., 2010). Moreover, participants being treated with diuretics were found to 

have more severe fatigue than those not taking a diuretic (Chen et al., 2010; 

Perez-Moreno et al., 2014; Smith et al., 2010). 

 Volume Status. Williams et al. reported volume depletion, identified 

through chart review, as a predictor of fatigue (Williams, 2017). Two studies 

assessed pulmonary artery pressures using data derived from a pulmonary artery 

catheter. Pulmonary artery pressures, specifically the pulmonary artery diastolic 

(PAD) and pulmonary artery occlusion pressure (PAOP) are indicative of left 

ventricular (LV) filling pressures, or LV volume status at end diastole. Guglin et 

al., (2012), assessed the relationship between PAD pressures and fatigue in 

participants with HFrEF and found a small correlation. However, Shah et al., 

(2002) found no relationship between mean pulmonary artery pressures and the 

PAOP with fatigue. 
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 Anemia. In a study completed from electronic health records of over 

12,285 persons, those who were fatigued were more likely to have lower red 

blood cell counts, lower red cell distribution width and lower mean corpuscular 

hemoglobin concentration (Williams, 2017). Fink et al. (2009) reported when 

hemoglobin values were less than 11 gm/dL participants had significantly higher 

fatigue scores compared to those with a hemoglobin of 13 gm/dL. Moreover, low 

hemoglobin values were identified as predictors of fatigue (Falk et al., 2006; Fink 

et al., 2009). In addition, anemia was identified as a predictor of general fatigue 

but not exertional fatigue after controlling for age and gender in a sample of 

mixed HFrEF and HFpEF (Falk et al., 2006). Moreover, Schaefer et al. did not 

find a correlation between fatigue and hemoglobin values (Schaefer & Potylycki, 

1993). 

 Inflammation. One study in this review assessed the relationship between 

fatigue and inflammatory markers in a sample of patients with HFrEF. Fink et al., 

(2012) reported no correlation of fatigue measured with the Profile of Moods 

States-Fatigue, to TNF-, IL-6 and IL-10 or to CRP. 

Psychological Concepts 

 Depression. Depression was measured in 38% of the studies reviewed. 

Positive correlations between fatigue and depression were identified with 

moderate (r = .34) to large (r = .77) effect sizes (Chen et al., 2010; Conley et al., 

2015; Evangelista et al., 2008; Fink et al., 2009; Fink et al., 2012; Jeon & 

Redeker, 2016; Mills, et al., 2015; Redeker, 2006; Smith et al., 2007; Smith, et al., 

2012; Tang et al., 2010; Yu et al., 2004). Associations between depression and 
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fatigue were identified in exertional and general fatigue when measured 

separately (Smith et al., 2007; Smith et al., 2012). Depression was consistently 

clustered with higher levels of fatigue (Lee et al., 2010; Moser et al., 2014; 

Williams, 2017). Additionally, depression was identified as a predictor of fatigue 

in a mixed sample of HFrEF and HFpEF (Falk, et al., 2009) and an independent 

predictor of fatigue in HFrEF (Evangelista et al., 2008). 

 Anxiety. Five studies assessed a relationship between anxiety and fatigue. 

Moderate positive correlations (r =.42 - .49) between fatigue and anxiety were 

noted (Chen et al., 2010; Falk, et al., 2009; Kessing et al., 2016; Redeker et al., 

2010; Yu et al., 2004). Anxiety was found to be an independent predictor of 

fatigue (Chen et al., 2010). Additionally, anxiety was found to contribute to the 

variance in mental fatigue scores. The remaining studies reported the relationship 

of fatigue to combined anxiety-depression scores which can be interpreted as a 

measure of psychological distress rather than a measure of each symptom 

individually (Falk, et al., 2009; Kessing et al., 2016; Yu et al., 2004).   

Perception of Symptoms and Health. Fatigue was associated with poor 

identification and self-perception of the symptom (Falk et al., 2007) and 

positively correlated with perceived stress associated with heart disease 

(Friedman & King, 1995). Fatigue was also correlated with a poor perception of 

health (Riegel et al., 2012; Stephen, 2008; Yu et al., 2004) and associated with a 

delay in seeking medical attention (Okada et al., 2019). Additionally, physical, 

and social function were found to mediate the effects of fatigue on overall 

perceived health (Carlson et al., 2013).  
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Situational Concepts 

 Sleep. All studies that assessed a relationship between sleep quality, 

daytime sleepiness or sleep difficulties found moderate, positive correlations (r= 

.42 - .48) with fatigue (Fink et al., 2012; Friedman & King, 1995; Jeon & 

Redeker, 2016; Mills et al., 2015; Smith et al., 2007). In addition, Riegel et al. 

(2012) identified poor sleep quality as a predictor of fatigue in a mixed sample of 

HFrEF and HFpEF. Moreover, in studies that assessed symptom clusters, fatigue 

was consistently clustered with some form of poor sleep quality including 

sleeplessness (Huang et al., 2018), sleep difficulties (Moser et al., 2014), and 

sleep disturbances (Lee et al., 2010).  

 Social Support. Fatigue was negatively correlated with the size of a social 

network (r = .24) and with positive social interaction [r =.25] (Yu et al., 2004). 

Huang et al., (2018) reported subjects were less likely to have high levels of 

fatigue if they had good social support such as living with another person or had 

higher levels of perceived control. However, Chen et al. (2010) reported no 

association of fatigue with social support provided by family and friends but a 

small inverse relationship with social support from healthcare providers. 

Outcomes 

 Quality of Life. Most studies measured quality of life (QOL) using the 

Minnesota Living with Heart Failure Questionnaire (MLHFQ). The MLHFQ 

assesses both physical and emotional dimensions of QOL separately and includes 

a total combined score. Low total scores indicate a better quality of life and a 

higher score a poorer QOL. Fatigue was found to be negatively associated with 
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QOL using the MLHFQ combined scores [r =. 53 - .596] (Evangelista et al., 

2008; Polikandrioti et al., 2020; Stephen, 2008). QOL was also measured using 

the EuroHeart Failure Survey Questionnaire and the Satisfaction with Life Scale. 

The EuroHeart Failure Survey Questionnaire rates perceived QOL on a 7-point 

Likert scale with 1 being very poor and 7 being very good.  The Satisfaction with 

Life Scale is an indicator of psychologic well-being. QOL is considered poor with 

higher scores. Negative correlations were also reported using these scales (r = -

.285 (Falk et al., 2006), r = -.36 (Friedman & King, 1995). When general fatigue 

and exertional fatigue were measured as separate concepts, QOL remained 

negatively associated with both types (Falk et al., 2006).  

 Functional Capacity. Functional capacity was measured using the 

physical functioning subscale of the Short Form-36 Health Survey, which 

assesses perceived limitations to physical activities with varying degrees of 

exertion, and the 6-minute walk test (6-MWT), which reflects exercise levels used 

for activities of daily living. Fink et al. measured fatigue using the Fatigue 

Symptom Inventory and the Profile of Moods States-Fatigue and found moderate 

correlations to the physical functioning subscale of the SF-36 using both fatigue 

scales [r= -0.44 and -0.33 respectively] (Fink et al., 2009). However, correlational 

findings between fatigue and the 6-MWT conflict in the studies reviewed. Joen & 

Redeker (2016) and Conley et al. (2015) both identified a negative correlation 

with fatigue and the 6-MWT, albeit with a small effect size (r= -0.26). 

Conversely, Shah et al., (2002) reported no relationship between the 6-MWT and 

fatigue as measured by the Yale Dyspnea-Fatigue Index.  
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Discussion 

  In line with previous reviews, this review identified physiologic, 

psychologic, and situational correlates that may have a reciprocal relationship 

with HF-related fatigue including sleep disturbances, poor social support, anxiety, 

depression, perception of symptoms or health, disease severity, pain, dyspnea, 

poor quality of life and reduced functional capacity. We report further that the 

individual characteristics of age, sex, anemia, use of diuretics and volume 

depletion also influence the symptom experience but are not influenced or 

changed by the symptom. Based on the TOUS and these findings, a conceptual 

model of HF-related fatigue was developed (Figure 2). Identified correlates were 

grouped into five categories: (a) individual, (b) physiologic, (c) psychologic (d) 

situational and (e) outcome variables. Lines with bidirectional arrows imply a 

reciprocal relationship between variables. Lines with one arrow imply a 

nonreciprocal relationship.  

Individual Variables. Age, sex, anemia, volume depletion and use of 

diuretics were identified as individual variables. Individual variables include those 

that have nonreciprocal relationships with HF-related fatigue.  

Age. Two small studies identified a correlation of age to fatigue. However, 

most studies did not demonstrate a relationship. Inconsistent findings may be due 

to the lack of variation in the age of most participants or because older adults with 

chronic disease expect to feel fatigued or blame the symptom on aging and 

therefore underreport the symptom (Stewart et al., 2012). 
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Sex. A strong relationship between sex and fatigue was not identified. 

However, women were more likely to experience fatigue than men and had a 

higher severity of fatigue. The reason is unclear. It may be related to depression or 

that women are more honest about reporting symptoms or are more aware of 

symptoms. Cultural differences were also suggested as having an influence on the 

discrepancies found between age and sex to fatigue in that it may not be culturally 

appropriate to report or describe symptoms (Tang et al., 2010). 

Anemia. Iron deficiency anemia has emerged as a common phenomenon 

in HFrEF and HFpEF (Enjuanes et al., 2016). One study reported a statistically 

significant relationship between cell size (RDW) and color (MCHC) with fatigue 

(Williams, 2017). RDW and MCHC are reported with complete blood cell counts 

and are used to support classification of anemias, with low RDW indicating a 

microcytic anemia and low MCHC indicating low concentration of hemoglobin 

within the RBC, both of which are suggestive of an iron deficiency anemia. 

However, when looking at hemoglobin values correlations with fatigue were 

inconsistent. Inconsistencies may be related to the etiology of the anemia or the 

influence of the patient’s volume status on the hemoglobin value. A lower or 

diluted hemoglobin would be reported if the patient was volume overload and 

concentrated or higher if dehydrated. These values may not be the most accurate 

and therefore may not demonstrate a true relationship with fatigue.  

Volume overload and diuretics. A common complication of HF is fluid 

volume overload. The use of diuretics is a cornerstone therapeutic measure and 

recommended for the management of volume overload in HF. High pulmonary 
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artery pressures did not demonstrate a relationship or a strong correlation with 

fatigue suggesting volume overload may not explain HF-related fatigue. 

However, use of diuretics was identified as having a relationship with fatigue and 

volume depletion found as a predictor of fatigue. Volume depletion is commonly 

used interchangeably with dehydration, or water loss, which may indicate the use 

of a diuretic and potential overdiuresis. The use of diuretics may also indicate 

disease severity so that those taking diuretics, higher doses of or intravenous 

versus oral diuretics have advanced disease which is also associated with fatigue.  

Physiologic Variables. Physiologic variables identified included dyspnea, 

pain, inflammation, and disease severity as measured by the NYHA classification 

system, NT-pro-BNP, and VO2. These variables may influence the symptom of 

fatigue and be influenced by fatigue.  

Dyspnea. Dyspnea had moderate to strong correlations with fatigue. 

Dyspnea is the most prominent and defining symptom of HF. It may be 

challenging for HF patients and practitioners to discriminate characteristics of 

each (Lam & Smeltzer, 2013; Riegel et al., 2010) which supports the strong 

correlation to fatigue. This also supports examining symptoms in clusters and 

exploring how they interact together versus individually. 

Pain. In this analysis pain was consistently found to have a relationship 

with fatigue. While pain is considered an underrecognized and poorly understood 

symptom in HF, high prevalence rates (44 - 84.4%) have been reported in patients 

with HF (Evangelista et al., 2009; Goebel et al., 2009; Goodlin et al., 2012; 

Pantilat et al., 2016). Pain and fatigue often occur together and have demonstrated 
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a reciprocal relationship to each other, one often potentiating the effects of the 

other, in various chronic disease processes (Fishbain et al., 2003) which supports 

the strong relationship of fatigue with pain in HF.  

Inflammation. HF has been recognized as an inflammatory syndrome with 

numerous studies having identified elevated levels of pro-inflammatory cytokines 

in patients with HFrEF and HFpEF (Ayoub et al., 2017; Dick & Epelman, 2016; 

Mann, 2015; Shirazi et al., 2017; Torre-Amione et al., 1996). The relationship of 

HF-related fatigue and inflammation is clearly understudied. In this analysis, only 

one study assessed this relationship, and no correlation was identified (Fink et al., 

2012). However, other cardiovascular (Gyawali et al., 2020) and chronic diseases 

(Paulsen et al., 2017) have identified relationships between fatigue and 

inflammation. Thus, further research is needed to determine if a relationship 

exists between fatigue and inflammation in HF.  

Disease severity. Inconsistent findings were reported for the relationships 

between NYHA classification and fatigue. The NYHA classification system has 

been criticized for its subjective measures and the inconsistency of practitioners to 

yield the same findings (Raphael et al., 2006; Rostagno et al., 2000). 

Inconsistencies may occur if patients are classified into a higher or worse category 

because they report perceived reduced functional abilities versus objective 

measures of functional capacity. Skotzko et al. (2000) found that patients with 

HFrEF and depression perceive to have and report poor physical functioning, but 

objective measures of energy expenditure demonstrated reduced physical efforts 

indicating a difference in perceived versus actual physical capabilities. However, 
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high NT-pro-BNP values, which are indicative of higher intracardiac filling 

pressures and HF decompensation (Bansal & Marwick, 2008) was not found to 

have a relationship with fatigue in patients with compensated (Fink et al., 2009) 

or decompensated HF (Guglin et al., 2012). Moreover, VO2 did not demonstrate a 

strong relationship with fatigue. These inconsistencies and weak correlation 

suggest that other factors may mediate their relationship with fatigue or that there 

are unknown underlying physiologic mechanisms that may contribute to HF-

related fatigue.  

Potential physiologic mechanisms. A relationship between impaired 

cellular energy metabolism of circulating blood cells and fatigue has been 

identified in other cardiovascular diseases (Chacko et al., 2014; Tyrrell et al., 

2016). Moreover, mechanisms, such as oxidative stress that impairs energy 

metabolism, have been identified in cardiac myocytes (Rosca & Hoppel, 2010), 

skeletal muscle (Rosca et al., 2009) and peripheral blood cells (Coluccia et al., 

2018; Li et al., 2015) of persons with HF. Additionally, the use of diuretics and 

therefore loss of body water, was found to have relationship with HF-related 

fatigue (Williams, 2017). The loss of extracellular water changes the tonicity of 

extracellular fluid which may also impact cellular energy metabolism (Brocker, et 

al., 2012). However, the relationship between impaired cellular energy 

metabolism of circulating blood cells and fatigue has not been examined in HF. 

Psychologic variables. Psychologic variables include anxiety, depression, 

and perception of the symptom or health.  
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Anxiety and depression. Anxiety and depression are frequently reported 

among HF patients. Both were found to have moderate to strong relationships 

with fatigue. This suggests a strong psychologic influence on the symptom. 

According to the TOUS when symptoms are experienced together, they may 

potentiate the effects of each other. The experience of anxiety and/or depression 

with fatigue may potentiate the experience and contribute to the strong 

association.  

Perception of fatigue and/or health. Fatigue was considered to be a 

consequence of aging versus disease and have an association with poor perception 

of health with a resultant delay in seeking medical attention. This suggests that 

attributing fatigue to age or a poor perception of health may be barriers to early 

recognition of decompensation and delayed treatment. Relating fatigue to age and 

perception of health may also be attributed to social and cultural norms and 

expectations regarding reporting the presence and characteristics of the symptom.  

Situational variables. Situational variables include sleep disturbances and 

social support.  

Sleep disturbances. HF patients commonly experience poor sleep quality 

including shorter sleep durations, interrupted sleep, and sleep latency (Jeon & 

Redeker, 2016; Redeker et al., 2010) The consistent, strong correlation of fatigue 

to sleep disturbances indicates that those HF patients who have sleep difficulties 

will more than likely experience fatigue. Treatment options may need to be 

tailored differently for patients experiencing sleep disturbances.  
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Social support. Minimal evidence was reported to suggest that feeling 

supported by a healthcare provider was associated with decreased fatigue. 

However, evidence of a relationship with social support from families and friends 

was conflicting. This may be due to the dynamics of the relationships between 

family and friends who may feel burdened supporting a patient with a chronic 

illness.  

Outcome variables. Outcome variables include QOL and functional 

capacity.  

Quality of Life. A poor quality of life was consistently correlated with 

fatigue. Stronger correlations were noted with the MLHFQ than with the 

EuroHeart Failure Survey and Satisfaction with Life Scale. This may be because 

the MLHFQ includes fatigue in the physical domain assessment of QOL. 

However, consistent correlations among all measures of QOL demonstrate the 

profound negative consequences of fatigue on the physical, emotional, and 

psychologic domains of QOL. This relationship may also be reciprocal in that a 

poor QOL may influence the symptom experience of fatigue.  

Functional capacity. The 6-MWT is an assessment of functional 

limitations during a 6-minute walk. This was not consistently correlated with 

fatigue. This along with the relationship of fatigue to a poor QOL suggests that 

fatigue may have more of an impact on everyday functioning versus the short 

period of time used to assess limitations of functional performance.  
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Strengths and Limitations 

Definitions of Fatigue. A major limitation to this analysis and to our 

understanding of fatigue is the lack of a consistent definition of fatigue. A large 

percentage of the studies reviewed were secondary analyses so that HF-related 

fatigue was not the primary outcome which influences how fatigue was defined 

and therefore measured. Numerous studies identified fatigue from documentation 

in the patient chart or through ICD-9 review and measured fatigue with 

investigator developed tools or from tools used to measure a different concept 

such as quality of life. Moreover, two different types of fatigue have been 

identified in the literature. Less than 20% of the studies reviewed measured 

exertional fatigue as a separate concept from general fatigue. In some of the 

studies reviewed, fatigue was identified by a yes/no question or via a chart 

review, making a distinction between general and exertional fatigue impossible. It 

may be that in these studies, exertional fatigue was measured which may refer 

more to decreased exercise tolerance. Inconsistency characterizing fatigue as 

general versus exertional and the use of measures that do not provide enough 

information about the characteristics of fatigue may lead to spurious findings on 

the relationship of fatigue with other variables further limiting our understanding 

of the symptom. Further, this lack of a definition impacts education provided to 

patients on recognition of the symptom which may influence treatment 

modalities.  

HFrEF versus HFpEF. The underlying physiologic mechanisms of 

HFpEF differs significantly from HFrEF (Baicu et al., 2005). Additionally, 
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successful treatment modalities for HFrEF have not shown the same response in 

HFpEF. This indicates that underlying physiologic mechanisms and thereby the 

presentation of fatigue, may also differ further limiting our understanding of this 

pervasive symptom. In the studies reviewed, HF was identified as HFrEF or 

HFpEF or simply HF without categorization. Of the 42 studies reviewed, 15 

assessed patients with HFrEF specifically (Table 2). When looking at these 

studies separately, the relationships to identified correlates did not differ from 

those identified in all studies reviewed. This suggests that a common physiologic 

mechanism to both, such as inflammation, may be etiologic of fatigue in HF.  

Despite these limitations, we have identified correlates of HF-related 

fatigue and a large knowledge gap differentiating general from exertional fatigue 

and potentially unrecognized physiologic correlates that may influence the 

symptom. The conceptual model (Figure 2) based on the TOUS describes the 

impact of 16 variables that may influence the presence and characteristics of 

fatigue. Moreover, it identifies areas that require further exploration such as the 

role of inflammation, impact of dehydration, influence of societal/cultural norms 

and expectations, and how these symptoms influence each other when 

experienced together. Future research should focus on assessing underlying 

mechanisms of general fatigue in heart failure. 
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Chapter 3: Heart Failure Related Fatigue: An Exploratory Analysis of 2015-2018 

National Health and Nutrition Examination Survey 

Heart failure (HF) is a complex syndrome that results from a structural or 

functional cardiac abnormality with a consequent decline in cardiac output and/or 

elevated intracardiac pressures (Bozkurt et al., 2021). The inability of the heart to 

supply sufficient oxygen and nutrient rich blood to meet metabolic demands 

culminates in manifestations of fluid volume overload, activity intolerance, 

dyspnea, and fatigue (Bozkurt et al., 2021). These sequelae reduce quality of life, 

impede the ability to complete activities of daily living and drive HF-related 

hospitalizations (Schjødt et al., 2020).  

HF-related fatigue has been described as an unrelenting, overwhelming 

sense of exhaustion that does not necessarily have a relationship with exertion 

(Tiesinga et al., 1998). It is a highly prevalent symptom (Schjoedt et al., 2016) 

that has been identified as an independent predictor of worsening prognosis 

(Perez-Moreno et al., 2014) and mortality (Ekman et al., 2005). Physiologic 

mechanisms thought to contribute to HF-related fatigue include impaired 

hemodynamics (Cohn et al., 1993) and muscle myopathies (Drexler et al., 1992; 

Harrington et al., 2001; Mancini et al., 1992), both of which only address poor 

blood flow and muscle performance. Further, there are conflicting findings on the 

associations between hemodynamic measures measuring blood flow and HF-

related fatigue (Guglin et al., 2012; Ulubay et al., 2007). Thus, our understanding 

of underlying, physiologic mechanisms of HF-related fatigue remains limited 

despite its deleterious effects.  
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Previous research has identified several physiologic correlates of HF-

related fatigue including age, female gender, anemia, presence of dyspnea and 

disease severity. Findings on the correlations between age and fatigue conflict in 

the literature. However, small positive correlations have been identified with older 

adults reporting more or greater severity of fatigue (Chen et al., 2010; Schaefer & 

Potylycki, 1993). Women have also been identified as being more likely to 

experience fatigue. However, they have also been found to be more likely to 

relate fatigue to older age versus from the underlying HF (Ekman & Ehrenberg, 

2002; Lee et al., 2010; Perez-Moreno et al., 2014). 

Anemia is defined as a hemoglobin (Hgb) value less than 12 g/dL in 

women and <13 g/dL in men (World Health Organization, 2011). The underlying 

mechanism of anemia in HF is unclear. However, several factors may be involved 

including the presence of chronic kidney disease contributing to impaired 

erythropoietin production, iron deficiency due to malabsorption in the gut and 

gastrointestinal bleeding, and hemodilution (Anand, 2008). Previous studies have 

reported patients with HF having significantly higher levels of fatigue in patients 

with Hgb values less than 11 gm/dL when compared to those with a Hgb of 13 

g/dL (Fink et al., 2009). Further anemia has been identified as a predictor of 

fatigue after controlling for age and gender in patients with HF (Falk et al., 2006). 

Dyspnea is a subjective feeling of shortness of breath and a defining 

symptom of HF. Decreased cardiac output contributes to activation of 

neurohormonal mechanisms to restore blood volume including activation of the 

renin-angiotensin-aldosterone system (RAAS) and anti-diuretic hormone. 
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Ultimately these compensatory mechanisms contribute to fluid overload and 

pulmonary congestion. Dyspnea is thought to be secondary to the fluid volume 

overload associated with the syndrome. Small to moderate correlations (r = .15 to 

.45) have been identified between dyspnea and HF-related fatigue (Jeon & 

Redeker, 2016; Smith et al., 2007; Yu et al., 2004).  

In HF, serum osmolality has been reported to be influenced by prognostic 

factors such as neurohormonal activation, natriuretic peptides, and the use of 

diuretics. This suggests that osmolality may itself be associated with disease 

severity and thereby fatigue. Serum osmolality is mainly composed of serum 

sodium, blood urea nitrogen (BUN), and glucose (Purssell et al., 2001). Low 

serum sodium and high serum BUN and glucose have been identified as 

independent markers of poor prognosis post-hospital discharge (Hauptman et al., 

2013; Blair et al., 2011; Mebazaa et al., 2012). As serum osmolality is composed 

of multiple important factors it may be prognostic, perhaps by reflecting disease 

severity, and therefore an important factor to explore with fatigue.   

The purpose of this study was to explore the relationships between select 

physiologic factors and HF-related fatigue using publicly available data from the 

National Health and Nutrition Exam Survey (NHANES). An improved 

understanding of these relationships will support the development of treatment 

modalities aimed at ameliorating the symptom of fatigue. Specifically, we 

hypothesized that high serum osmolality will result in increased odds of having 

HF-related fatigue when controlling for age, gender, dyspnea, and hemoglobin. 

Additionally, we hypothesized that the presence of dyspnea will result in 
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increased odds of having HF-related fatigue when controlling for age, gender, 

serum osmolality, and hemoglobin. 

Methods 

Study Design 

This is a secondary data analysis of two waves of NHANES data 

encompassing 2015-2018. NHANES is a cross-sectional survey conducted by the 

Centers for Disease Control and Prevention (CDC) designed to assess the 

nutritional and health status of adults and children in the United States (US). 

NHANES completes cycles of surveys every two years. Surveys consist of 

interviews performed in the participants’ homes, physical exams and analysis of 

blood and urine provided by the participant during the exam. NHANES was 

approved by the National Center for Health Statistics Research ethics review 

board (ERB) and written consent was obtained by the participants (Centers for 

Disease Control, 2021). This secondary analysis was also submitted to a 

university-based institutional review board and determined to be exempt human 

subjects’ research. 

Sample 

NHANES is a representative sample of the US civilian, 

noninstitutionalized population selected with a complex, multistage probability 

sampling design. The four-stage sampling design began with the selection of the 

primary sampling units (PSUs) (i.e., mostly individual counties); selection of 

segments within the counties; selection of dwelling units (DUs) or households 

within segments; and selection of individuals within a household.  
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We combined two recent cycles of data from 2015-2018. To produce 

estimates for specific age and ethnic groups during this time frame, over sampling 

was performed for non-Hispanic white, Asian, white persons older than 80 years 

of age, Hispanic, non-Hispanic black, non-Hispanic Asian, non-Hispanic white 

persons and in low-income areas (below 185% of the poverty level). Participants 

were selected if they answered “Yes” on the medical conditions survey to the 

question “Has a doctor or other health professional ever told you that you had 

congestive heart failure?”. Participants were excluded if they self-reported a co-

morbid condition known to contribute to fatigue including stroke, cancer, chronic 

obstructive pulmonary disease (COPD), emphysema, liver disease, renal failure, 

rheumatoid arthritis, and chronic bronchitis (Figure 4).  

Measures/Variables   

 Descriptive demographic variables for this study included age, sex, and 

race/ethnicity. Survey data were self-reported by participants during the health 

interview. Laboratory data were obtained in the mobile examination center 

(MEC). Blood collection and specimen processing procedures are described in the 

NHANES, MEC Laboratory Procedures Manual (National Health and Nutrition 

Examination Survey, 2017). 

Fatigue. Fatigue was measured using one question from the Patient Health 

Questionnaire 9-item (PHQ-9) in the mental health screen: “Over the past two 

weeks, how often have you been bothered by the following problems: feeling 

tired or having little energy?”. Participants could answer not at all, several days, 

more than half the days, nearly every day, refused and don’t know. Fatigue was 
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dichotomized to include those participants who indicated “not at all”, “refused” or 

don’t know” as “not fatigued” and all other answers as “fatigued”.  

 

Figure 4. PRISMA diagram of participant selection from 2015-2018 National 

Health and Nutrition Examination Survey (NHANES) 
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Anemia. Serum hemoglobin was used to assess for the presence of 

anemia. Serum hemoglobin was obtained from the complete blood cell count and 

measured in g/dL.   

Dyspnea. Dyspnea was assessed using the question in the cardiovascular 

health survey: “Have you ever had shortness of breath either when hurrying on 

the level or walking up a slight hill?”. Participants could respond yes, no, refused 

or don’t know. All values other than yes, were assumed to be no.   

Serum osmolality. Serum osmolality was obtained from the standard 

blood chemistry profile. Normal values for adults are 285-295 millimoles per 

kilogram (mmol/kg) of water (Pagana et al., 2022). 

Data Analysis 

 SPSS version 26 (SPSS Inc, Chicago, Illinois, United States) was used for 

statistical analysis. Complex sample analysis was used with NHANES sampling 

strata, clusters and weights as described in the NHANES methodology handbook 

(National Health and Nutrition Examination Survey, 2017) As we combined two 

consecutive survey years (2015-2016 and 2017-2018), sample weights were 

calculated prior to analysis as per NHANES guidelines allowing for comparisons 

across survey years.  

 Categorical variables were expressed as percentages and continuous 

variables as means (standard error). Independent samples t test and chi-square 

tests were conducted to explore the differences between fatigued and non-fatigued 

participants with HF. Variability of each predictor was assessed for model 

inclusion.  
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 Unadjusted logistic regression models were performed to assess the 

individual contributions of five physiologic predictors: age, gender, serum 

osmolality, hemoglobin, and the presence of dyspnea on fatigue (Table 4). 

Predictors were included in the full model if they had a p value of .05 or less, or 

as having a theoretical basis for inclusion. Adjusted logistic regression was 

performed on presence of fatigue as the outcome with all five of physiologic 

predictors. To determine if the relationship between dyspnea and fatigue was 

moderated by serum osmolality and interaction term was added to the regression 

model.  

Results 

 Participant characteristics are described in table three. A total of 126 

participants were included in this analysis representing 1,602,778 adult 

Americans with HF between 2015 – 2018. Note that 23 participants did not 

answer the survey question used to measure fatigue, leaving a sample size of 103 

when specifying the fatigue variable. More than half of the sample reported 

having fatigue (68.9%). Most participants were 60 years of age or older (65.2%), 

male (58%) and of the non-Hispanic white race (57.8%). On average, participants 

had normal serum osmolality (280.64 mmoL/kg) and hemoglobin values (13.87 

g/dL). Most participants experienced dyspnea (62%).  

 Differences in sample and demographic characteristics between fatigued 

and non-fatigued are also shown in table three. There were more participants ages 

31-59 in the fatigued versus non-fatigued groups. There was an almost equal 

percentage of males and females in the fatigued group, but a higher percentage of 
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males in the non-fatigued group. While not statistically different, hemoglobin 

values were lower in the fatigue versus non-fatigued group. Serum osmolality was 

significantly lower in the fatigued group (t = -2.37, p = .032).  

 

Table 3. Sample Characteristics of Adults with HF by Absence or Presence of Fatigue 

 

 Total Sample 

N= 126 

unweighted 

N = 1602778 
weighted 

No Fatigue 

N = 32 

unweighted 

N= 474412 
weighted 

Fatigue 

N= 71 

unweighted 

N= 1001590 
weighted 

Statistical 

Test 
p 

Age     χ2 = 4.32 .19 

  31-59 34.8% 20.1% 40.9%   

  ≥ 60  65.2% 79.9% 59.1%   

Gender    χ2 = 6.63 .10 

  Male 58% 76.7% 49.9%   

  Female  42% 23.3% 50.1%   

Race    F = 1.45 .25 

  Non-Hispanic    

  White 

57.8% 60.0% 59.7% 
  

  Non-Hispanic  

  Black 

19.4% 13.9% 21.4% 
  

  Mexican    

  American 

7.4% 12.2% 6.1% 
  

  Other Race  

  includes multi-   

  ethnic 

15.5% 13.9% 12.8% 

  

Hgb g/dL 13.87 

(SE .161) 

14.24 

(SE .218) 

13.77 

(SE .185) 
t = 1.41 .18 

Serum osmolality 

  mmol/kg  

280.64 

(SE .856) 

282.2 

(SE .857) 

279.73 

(SE .895) 
t = -2.37 .03* 

Dyspnea     χ2 = 1.05 .34 

  Yes 62% 54.6% 65.2%   

  No  38% 45.4% 34.8%   

Note. Numbers may not sum due to missing values; Hgb, hemoglobin. *p<.05; 

**p<.01 
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A logistic regression analysis was performed on the presence of fatigue as 

the outcome and five physiologic predictors: age, gender, serum osmolality, 

hemoglobin, and the presence of dyspnea. Univariate analysis revealed serum 

osmolality to be significantly related to fatigue (table 4). While no other variables 

were statistically significantly related, all were kept in the model as they have all 

been found to be associated with HF-related fatigue. A test of the full model with 

all five predictors was statistically significant Wald F (5, 10) = 3.78, p=.04, 

explaining 16% of the variance in fatigue and correctly predicting 87% of the 

participants with fatigue and 22.3% non-fatigued, with an overall success rate of 

67.3%.  

 
Table 4. Unadjusted Logistic Regression Predicting Odds of HF-Related Fatigue 

Predictor B Wald-F p-value 

Age    

 31-59 1.012 2.81 .12 

  ≥ 60 ref.   

Gender    

  Male -1.194 4.39 .06 

  Female ref.   

Hemoglobin  -.226 2.04 .18 

Serum Osmolality  -.064 5.55 .03* 

Shortness of Breath    

  No -.444 2.32 .15 

  Yes ref.   

    

Osmolality*Dyspnea .002 4.83 .07 

Note. *p<.05 

 

 Table 5 shows regression coefficients, Wald statistics, odds ratios and 

95% confidence intervals for odds ratios for each of the five predictors. 

According to the final model, only gender significantly predicted the presence of 
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fatigue. Controlling for age, hemoglobin, serum osmolality, and the presence of 

dyspnea, females have a higher likelihood of experiencing fatigue compared to 

males (OR = 4.68, p = .02, CI .34 – 2.75). Serum osmolality was not found to 

moderate the relationship of dyspnea to fatigue.  

 

Table 5. Adjusted Logistic Regression of Physiologic Predictors of HF-related Fatigue 

    
95% Confidence 

Intervals 

Variables B Wald-F 
Odds 

Ratio 
Lower Upper 

Age   1.14    

  31-59 ref     

  ≥ 60  -.72  .49 -2.16 .73 

Gender  7.50  .34 2.75 

  Female 1.54  4.68   

  Male  ref     

Hgb -.13 .539 .88 -.51 .25 

Serum 

osmolality  
-.04 .857 .96 -.13 .05 

Dyspnea   2.16    

  Yes  .692  1.99 -.32 1.70 

   No  ref     

Note. Hgb, hemoglobin; Adjusted model, N= 98. Model fit, Wald F (5, 

10) = 3.78, p=.04, Cox and Snell, R2 = .16. Italicized values are 

significant. 

 

Discussion 

This was an exploratory study of the relationships of five physiologic 

variables (age, gender, hemoglobin, serum osmolality, and the presence of 

dyspnea) to HF-related fatigue. The statistical significance of a lower serum 

osmolality and fatigue did not support the hypothesis that a higher serum 

osmolality would be associated with fatigue. However, the relationship between 
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fatigue and serum osmolality may be quadratic, meaning both high and low 

values may contribute to the symptom of fatigue. This should be explored in a 

larger study with participants who have more severe disease or variation in serum 

osmolality.  

Contrary to our hypothesis, dyspnea was not found to be related to fatigue 

in this study when controlling for other covariates. Dyspnea in conjunction with 

other symptoms such as pulmonary crackles and jugular vein distention is 

indicative of pulmonary congestion. Pulmonary congestion is a clinical indicator 

of heart failure decompensation and a major reason for HF-related 

hospitalizations (Filippo et al., 2021). Moderate to strong correlations have 

consistently been reported between dyspnea and fatigue in patients with HF 

(Smith et al., 2007; Stephen, 2008; Yu et al., 2004). This discrepancy may be due 

to the participants with HF either being in a compensated state or with less disease 

severity.  

Consistent with the literature, no statistically significant differences were 

noted between age and the presence of fatigue (Fink et al., 2012; Guglin et al., 

2012). However, several studies have reported an attribution of aging to the 

presence and severity of fatigue (Ekman & Ehrenberg, 2002; Stephen, Sharon A., 

RN, GNP, PhD, 2008). The older adult may not report fatigue or increases in 

severity of fatigue as it is considered a consequence of aging. Clinically this is an 

important concept for practitioners to understand so self-reported absence of or 

underrating of the symptom is further explored during patient assessments.  
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Also consistent with the literature, adult females with heart failure 

reported more fatigue than males (Bozkurt & Khalaf, 2017). Future studies should 

look at the effects of estrogen or other female related hormones in comparison to 

HF-related fatigue. Taking estrogen/progestin replacement has demonstrated to 

reduce fatigue in healthy post-menopausal women (Hlatky et al., 2002). This 

should be further explored in post-menopausal women with HF. However, the 

influence of gender specific hormones on fatigue may be multifactorial. 

Compared to men, women have lower serum hemoglobin. The gender differences 

in hemoglobin are thought to be the stimulatory effects of androgen on bone 

marrow and erythropoietin production in the kidney, and the inhibitory effect of 

estrogen on bone marrow (Murphy, 2014). Further compared to men, women 

have less body water which influences serum osmolality. This is also thought to 

be related to estrogen and testosterone regulation of anti-diuretic hormone 

synthesis (Stachenfeld et al., 2001). Therefore, it is plausible that gender specific 

hormones such as estrogen and testosterone mediate the relationships between 

serum osmolality and serum hemoglobin with fatigue.     

 Serum hemoglobin was not found to be related to fatigue in this study. 

This is inconsistent with literature regarding anemia and fatigue (Falk et al., 2006; 

Fink et al., 2009). However, this may be because the mean hemoglobin values for 

the entire sample and for those with fatigue were within a normal range of serum 

hemoglobin.   

This study has several limitations. Most importantly, NHANES is mostly 

comprised of individuals with a lower disease burden and our exclusion criteria 
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reduced our sample by 69.6% making it difficult to generalize our findings. 

Moreover, we relied on a self-reported diagnosis of heart failure. Thus, the type 

and severity of HF was not reported. The underlying pathophysiology of heart 

failure with a reduced ejection fraction (HFrEF) is different from heart failure 

with a preserved ejection fraction (HFpEF). Without a clear delineation between 

the two, determining underlying physiologic etiologies of fatigue is challenging.  

Further limitations are related to the nature of this secondary analysis of cross-

sectional data not allowing for a cause-effect conclusion. In addition, construct 

validity may be threatened using a one-item fatigue measure derived from a 

depression screening tool and the self-reported presence of dyspnea.  

Despite the limitations, this study addressed several physiologic 

mechanisms of HF-related fatigue and brought forward more knowledge gaps that 

should be explored including the influence of sex hormones and the potential 

quadratic relationship with serum osmolality. Future work should continue to 

explore the relationships of physiologic mechanisms of fatigue identified in 

HFrEF or HFpEF with participants who have more severe disease.  
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Chapter 4: Excessive Daytime Sleepiness and Platelet Bioenergetics in Stroke 

Survivors 

Stroke continues to be a major public health concern with serious 

economic and social consequences. Stroke often results in severe physical, 

cognitive, and emotional disability, rather than mortality (Donkor, 2018; Virani et 

al., 2020). Disability has a profound effect on stroke survivors often necessitating 

rehabilitation services for years post the initial brain infarct and further health care 

measures post rehabilitation to reduce the risk of recurrent stroke (Donkor, 2018). 

Excessive daytime sleepiness (EDS), defined as the inability to maintain 

wakefulness and alertness during major waking episodes of the day (American 

Academy of Sleep Medicine, 2014), is experienced in approximately 18-72% of 

stroke survivors, depending on the type of stroke and how EDS was measured 

(Ding et al., 2016; Šiarnik et al., 2018). EDS may be sustained beyond 6 months 

post stroke (Martynowicz et al., 2019; Vock et al., 2002) and is considered a 

barrier to participation in rehabilitation services and a contributor to poor 

functional performances and quality of life (Wang et al., 2020). 

 Underlying mechanisms of EDS post-stroke remain poorly understood and 

effective treatment measures are not well established. Proposed underlying 

mechanisms of EDS include fragmented sleep commonly caused by sleep 

disorders and respiratory related arousals, use of sedating medications, and 

inflammatory comorbidities such as diabetes and obesity (Šiarnik et al., 2018; 

Slater & Steier, 2012). Common sleep disorders found in stroke survivors include 

insomnia, restless leg syndrome/periodic limb movement during sleep, rapid eye 
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movement sleep behavior disorder, and sleep disordered breathing (Hermann, 

Dirk & Bassetti, 2016; Hermann, Dirk M. & Bassetti, 2009). EDS is a cardinal 

manifestation of obstructive sleep apnea (OSA), the most common form of sleep 

disordered breathing in stroke survivors (Wallace et al., 2012). 

Poor sleep quality and obesity are strongly associated with EDS in stroke 

survivors (Šiarnik et al., 2018). Stroke survivors have been found to have poor 

sleep quality (Bakken et al., 2014; Ho et al., 2021). Poor sleep quality is 

recognized as a contributor of EDS (Slater & Steier, 2012). Obesity, defined as a 

body mass index (BMI) greater than or equal to 30, is a well-documented 

independent risk factor for OSA (Schwartz et al., 2008). However, studies have 

identified EDS in obese patients in the absence of OSA (Dixon, et al., 2001; 

Serafini et al., 2001) and resolution of symptoms of EDS with weight loss (Dixon, 

et al., 2005; Dixon et al., 2001). This indicates that OSA does not solely 

contribute to EDS in obese persons. Further, obesity has been established as a 

systemic inflammatory condition with over expression of adipokines and 

proinflammatory cytokines, such as TNF-α and IL-6 from adipose tissue and 

resultant oxidative stress (Ellulu et al., 2017). This suggests that inflammation 

may contribute to EDS.  

An increase in sympathetic drive and catecholamine release, which 

contributes to elevated proinflammatory cytokines specifically IL-6, IL-1β and 

TNF-α and the inflammatory marker C-reactive protein (CRP), have also been 

identified in sleep deprivation and OSA commonly associated with EDS (Andaku 

et al., 2015; Kheirandish-Gozal & Gozal, 2019; Li, Y. et al., 2017). Further, 



 78 

systemic inflammation occurs post-stroke and has been identified in stroke 

survivors several years post-stroke (Nilupul et al., 2006). This further suggests 

that inflammation may influence EDS.  

Mitochondria are essential to produce adenosine triphosphate (ATP), our 

bodies’ source of biochemical energy. Systemic inflammation contributes to 

oxidative stress and damages mitochondria, thereby impairing the production of 

ATP (Morris et al., 2016). Moreover, elevated levels of the proinflammatory 

cytokines IL-6, IL-1β and TNF-α have been shown to independently increase 

reactive oxygen species (ROS) production and decrease mitochondrial membrane 

potential thus a decrease in ATP production (Ji et al., 2011; Morris & Maes, 

2013).  

Cellular oxygen consumption rates (OCRs) are indicative of aerobic 

energy metabolism via oxidative phosphorylation, or the ability of cells to create 

ATP by oxidative phosphorylation (Chacko et al., 2014). Recent findings indicate 

that energy metabolism of peripheral blood cells reflect that of other cells present 

in the body, including cardiac myocytes and other highly metabolic cells and 

tissues (Chacko et al., 2014; Tyrrell et al., 2016), making peripheral blood cells a 

clinically available resource to study systemic cellular energy metabolism in 

stroke survivors. Platelets are small anucleate particles comprised mostly of 

mitochondria [4-8 mitochondrion per cell] (Lam et al., 1988) and easy to isolate 

via centrifugation making them ideal for studying mitochondrial energy 

metabolism. In one small study, post-stroke fatigue was found to have a biphasic 

relationship with oxygen consumption rates (OCRs) of platelets (Klinedinst et al., 
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2019) suggesting impaired energy metabolism may play a role in the presence and 

severity of fatigue. Thus, impaired cellular energy metabolism may also influence 

EDS. 

The purpose of this study is to explore relationships of EDS with sleep 

quality, BMI, inflammation, and cellular energy metabolism of platelets in stroke 

survivors. We hypothesized that EDS would be negatively related to oxygen 

consumption rates of platelets and sleep quality and have a positive association 

with pro-inflammatory markers CRP, IL-6, IL-1β and TNF-α, and BMI.   

Methods 

Design 

 A secondary data analysis was conducted using cross-sectional data for 

twenty-two participants post ischemic stroke. The initial analysis of the parent 

study was completed on the first twenty participants. (Klinedinst et al., 2019). 

Two participants were recruited after the initial analysis was complete and 

included in this study. The overall purpose of the parent study was to assess the 

relationship between select inflammatory markers and energy metabolism of 

platelets and post-stroke fatigue. The parent study was approved by a university 

based institutional review board (IRB). This secondary analysis was also 

submitted to a university-based IRB and determined to be exempt human 

subjects’ research. Data analysis in the parent study demonstrated a biphasic 

relationship between post-stroke fatigue and platelet oxygen consumption rates. 

(Klinedinst et al., 2019). No relationship between inflammatory markers and 

OCRs were identified (Klinedinst et al., 2019). This analysis will assess the 
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relationships between energy metabolism of platelets, inflammatory markers 

(CRP, IL-1β, TNF-α, IL-6) and EDS in persons with post-ischemic stroke.  

Sample  

 Stroke survivors were eligible to participate if they were between the ages 

of 50-80, had an ischemic stroke more than two weeks prior to the study visit and 

were able to speak and understand the English language. Exclusion criteria 

included global aphasia, or a co-morbid condition known to reduce mitochondrial 

function including anemia, heart failure, active cancer or undergoing cancer 

treatment, obstructive pulmonary disease, multiple sclerosis, Parkinson’s, and 

Alzheimer’s disease and incomplete bioenergetic profiles.  

Variables and Measures 

 Sample Characteristics. An investigator-developed questionnaire was 

used to collect socioeconomic data (e.g., age, gender, race/ethnicity, marital 

status). Stroke-specific data (e.g., type of stroke, medical history, current 

medications) were collected from the electronic medical record and confirmed by 

the participant. BMI was calculated via self-reported height and weight. Obesity 

was defined as a BMI equal or greater than 30.  

 Daytime sleepiness. Severity of daytime sleepiness was measured using 

the Epworth Sleepiness Scale (ESS). The ESS is a self-reported survey of the 

propensity for dozing during eight different activities: (a) sitting and reading, (b) 

watching TV, (c) sitting inactive in a public place, (d) as a passenger in a car, (e) 

lying down in the afternoon (f) sitting and talking (g) sitting quiet after lunch and 

(h) in a car stopped in traffic for a few minutes. A 4-point Likert scale (0-3) is 
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used to determine how likely the participate is to doze “in recent times”. The 

scores are summed to provide a total score which can range from 0-24. An ESS 

score greater than ten suggests EDS and scores of 16 or greater suggests a high 

level of EDS and may indicate significant sleep disorders (Mills et al., 2013). The 

ESS has good internal consistency, Cronbach’s alpha .73 -. 86 (Kendzerska et al., 

2013), and construct validity in the stroke population (Mills et al., 2013). 

Sleep Quality. The Pittsburgh Sleep Quality Index (PSQI) was used to 

measure sleep quality. The PSQI is a self-reported measure of seven domains of 

sleep including: subjective sleep quality, sleep latency, sleep duration, habitual 

sleep efficiency, sleep disturbances, use of sleep medications and daytime 

function over the last month. Scoring is based on a 0-3 Likert scale with the score 

of three indicating extreme negative sleep problems. Scores for the seven domains 

are summed providing a global PSQI Score which range from 0-21. A global 

score of five or greater indicates poor sleep quality. The PSQI has been found to 

reliably measure sleep quality [Cronbach’s alpha 0.73 – 0.80, test-retest reliability 

0.85] (Beaudreau et al., 2011; Luyster et al., 2015). 

 Whole Blood Collection and Platelet Isolation. Following participant 

interview, venous blood was collected into vacutainers with 

ethylenediaminetetraacetic acid (EDTA) and transported for analysis within an 

hour of collection. Blood collection was performed between 10:00 to 11:30 AM 

to control for changes in ATP production due to diurnal hormone variations.   

Platelet isolation procedures were completed at room temperature with the use of 

EDTA to prevent cell activation. Vacutainers containing blood were centrifuged 
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to separate platelet rich plasma (PRP) from red blood cells. The PRP was 

centrifuged, and the platelet poor plasma (PPP) removed. Concentrated platelets 

were resuspended in warm (37°C) Dulbecco’s modified eagle’s medium (DMEM) 

with sodium pyruvate, glucose, glutamine and EDTA. Platelets were counted 

using a Beckman Coulter Z1™ Particle Counter (Brea, CA) to determine the total 

volume of cell suspension needed for the select number of wells. The platelets 

were plated on a 24-well CellTak (BD Biosciences) -coated plate at a 

concentration of 60.0 X 106 platelets per well and allowed to incubate at 37°C for 

30 minutes. Following incubation, the cell plate was centrifuged at 1600g for 10 

minutes total at 25°C. The plate was allowed to incubate at 37°C for at least 45 

minutes prior to bioenergetic measurements. These methods have been described 

elsewhere (Klinedinst et al., 2019). 

 Oxygen Consumption Rates. Platelet energy metabolism was assessed 

using the Seahorse Extracellular Flux Analyzer SF-24 (Agilent Technologies, 

Santa Clara, CA). Oxygen consumption rates in pMoles per minute were 

measured under basal conditions and following the sequential addition of 

Oligomycin, 2,4-Dinitrophenal (2,4-DNP), and Antimycin A (Figure 5). Basal 

respiration indicates the net sum of all processes in the cell capable of consuming 

oxygen and is composed of two processes: respiration to drive ATP synthesis and 

the leakage of protons non-selectively through the mitochondrial inner membrane. 

Basal respiration was measured prior to the addition of the ATP-synthase 

inhibitor Oligomycin. Oligomycin inhibits proton flux through ATP-synthase and 

thus decreases oxygen consumption. Oxidative phosphorylation (OXPHOS) is the 
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rate of oxygen consumption coupled to ATP production. OXPHOS is calculated 

by finding the difference between basal respiration and the OCR that is inhibited 

by the addition of Oligomycin.  

 

Figure 5. Platelet oxygen consumption rates (OCRs) from a single study participant. 

After establishing basal oxygen consumption rate, Oligomycin was injected. The 

decrease in oxygen consumption indicates the proportion of oxygen consumption used to 

drive ATP production and that which is associated with proton leak pathways. The proton 

ionophore 2,4-DNP was injected to stimulate maximal respiration by removing the rate 

limiting capacity of ATP-synthase. Antimycin A inhibits mitochondrial electron transport 

allowing for measurement of non-mitochondrial oxygen consumption. Each data point 

represents the means ± s.e. for n=4 wells. 

 

Maximal respiration is the maximum amount of oxygen used to create 

ATP without the limiting effect of ATP synthase, or the maximum capacity of the 

mitochondria to create ATP. Maximal OCR was determined following injection 

of the proton ionophore 2,4-Dinitrophenol (2,4-DNP). 2,4-DNP uncouples 

electron transport from ATP synthase allowing protons to pass into the 

0

2

4

6

8

10

12

0 10 20 30 40 50 60 70 80

O
C

R
 (

p
M

o
le

s/
m

in
/u

g 
p

ro
te

in
)

Time (min)

DNP

ATP

Production

Spare 
Respiratory 
Capacity

DNP

Basal

Oligomycin Antimycin A

Non-mitochondrial Oxygen Consumption

Proton Leak

Maximal



 84 

mitochondrial matrix and create ATP faster than via ATP synthase. 2,4-DNP was 

injected twice to ensure maximal capacity was reached. Antimycin-A completely 

inhibits mitochondrial electron transport and was injected to determine non-

mitochondrial oxygen consumption. Basal and maximal OCRs were calculated 

after correcting for non-mitochondrial OCRs for each assay. Spare respiratory 

capacity, the difference between basal and maximal respiration, indicates how 

well the cell can respond to increased ATP demands or the cell’s reserve capacity. 

Low spare respiratory capacities indicate cells are limited to the extent that they 

can generate ATP on demand. The respiratory control ratio (RCR) is calculated 

by dividing the maximal rate by the resting rate. RCR is used as an indicator of 

mitochondrial health or efficiency in undergoing oxidative phosphorylation 

(Brand & Nicholls, 2011; Divakaruni et al., 2014). As per previous descriptions 

(Klinedinst et al., 2019) OCRs were normalized to total protein content in the 

wells. 

Inflammatory Markers. Inflammatory markers were measured from the 

platelet poor plasma in duplicate. IL-1β, IL-6 and TNF-α were measured using 

Luminex Mulitnalyte (ThermoFisher Scientific). CRP was measured using ELISA 

Assays using Nunc Maxisorp ELISA strips (FisherScientific) following 

established protocols (ThermoFisher Scientific, 2015). 

 Data Analysis  

 SPSS version 26 (SPSS Inc, Chicago, Illinois, United States) was used for 

statistical analysis. Categorical variables were expressed as numbers (%), 

continuous variables as means ( standard deviation). Due to the small sample 
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size impacting data normality, Spearman rho correlation coefficients were used to 

explore relationships between ESS, bioenergetics and inflammatory markers. The 

Fisher’s Exact Test and Student t-test were used for group comparison of select 

variables. Non-normal values were log-transformed to meet normality 

assumptions. The results of the transformed correlations and Student t-tests were 

compared to results using the raw data and were close to equivalent. For ease of 

interpretation, untransformed data was used for statistical analyses.  

Results 

 Participant characteristics are described in Table 6. The sample was 50% 

male with an age range of 51 – 78 years. The average time since stroke for the 

sample in months was 53.56 (SD 57.16, 3 - 236.4). Stroke survivors with EDS 

had longer average times since the stroke 90.04 (SD 87.76, 10.5 -236) than those 

without 33.62 (SD 37.21, 3 - 112.97). Average BMI among the entire sample was 

29.76 (SD 6.07). Average BMI was lower for participants with EDS 28.07 (SD 

7.56), but not statistically significantly different from those without 30.4 (SD 

5.57). Most participants were non-Hispanic white (54.5%) and described sleep 

quality as good (86.4%). However, mean global PSQI scores were 5.9 (SD 3.70) 

indicating poor sleep quality. There was no statistical difference in the hours of 

sleep among those with EDS versus those without. However, those with EDS 

slept fewer hours. The average ESS for this sample was 7.8 (SD 4.79, 1-18). EDS 

was recognized in 27.3% of the sample as defined by an ESS score greater than 

ten. There were no statistically significant differences in demographic data, total 
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sleep hours, or sleep quality between those with EDS and those without. OSA was 

identified in 27.3% of the sample. Of those with OSA, 33.3% had EDS.  

Table 6. Sample Characteristics 

 Total 

N=22 

ESS ≤ 10 

N = 16  

ESS >10 

N = 6 
Statistic p 

Age, mean  SD 61.9  8.29 60.3  8.01 66.3  8.02  t = -1.569 .13 

Male, n (%) 11 (50%) 7 (43.8%) 4 (66.7%)  
Fisher’s 

Exact Test  
.64 

Female, n (%)  11 (50%)  9 (56.3%) 2 (33.3%)   

Marital Status    
Fisher’s 

Exact Test 
.35 

   Married 14 (63.6%) 9 (56.3%) 5 (83.3%)   

   Not Married 8 (36.4%) 7 (43.8%)  1 (16.7%)   

Race    
Fisher’s 

Exact Test 
1.0 

   White, non-

Hispanic 
12 (54.5%)  9 (56.3%) 3 (50%)    

   Other  10 (45.5%) 7 (43.8%)  3 (50%)    

Educational level     
Fisher’s 

Exact Test 
.64 

   High school plus 

some  

   college 

11 (50%) 7 (43.8%) 4 (66.7%)   

   4 years of 

college to post- 

    graduate 

11 (50%)  9 (56.3%) 2 (33.3%)   

Time since stroke 

(months) 

 (range)  

53.56  57.16 

(3, 236.4) 

33.62  37.21 

(3, 112.97) 

90.04  87.76 

(10.5, 236) 

t = -1.52 

.09 

Body Mass Index  29.76  6.07 30.40  5.57 28.07  7.56 t = .798 .22 

ESS scores  7.8  4.80   5.43  2.87 14.17  2.32  t = -6.641 <.001** 

Total sleep time 

(hours)  
7.1  2.01 7.3  2.07 6.5  1.87  t = .806 .43 

Subjective sleep 

quality  
   

Fisher’s 

Exact Test 
.64 

    Good  19 (86.4%) 14 (87.5%) 5 (83.3%)   

    Bad  3 (13.6%)  2 (12.5%) 1 (16.7)   

Global PSQI 

Score, 0-21 
5.9  3.70 5.3  2.96 7.67  5.13  t = -1.394 .18 

Obstructive Sleep 

Apnea 
6 (27.3%) 4 (25%) 2 (33.3%)  

Fisher’s 

Exact Test 
.54 

Use of sedating 

medications  
19 (86.4%) 14 (87.5%) 5 (83.3%) 

Fisher’s 

Exact Test 
.64 

Note. SD, Standard deviation, ESS, excessive sleepiness scale; PSQI, Pittsburgh Sleep Quality 

Index; *p<.05; **p<.01 
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Excessive Daytime Sleepiness, Sleep Quality, Body Mass Index and OCRs 

 We found no statistically significant correlations between EDS, sleep 

quality, total sleep hours, BMI, and platelet oxygen consumption rates (Table 7). 

Further, no statistically significant differences in OCRs were identified comparing 

stroke survivors with EDS versus those without. However, mean OCRs were 

higher in stroke survivors with EDS versus those without (Table 8).  

Excessive Daytime Sleepiness and Inflammatory Markers.  

 No statistically significant correlations were identified between ESS and 

inflammatory markers (Table 7). However, looking at effect sizes, a moderate 

effect size was noted with ILI-β (rho.42) and TNF-α (rho .35) and EDS. A small 

effect size was noted with IL-6 and EDS (rho .26). Additionally, those with EDS 

had higher mean levels of all inflammatory markers than stroke survivors without 

EDS (Table 8).  

Obstructive Sleep Apnea, OCRs, and Inflammatory Markers.  

 No statistically significant differences were noted in OCRs or 

inflammatory markers for participants with and without OSA (Table 9). However, 

those with OSA had higher mean EDS than those without OSA. 
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Table 7. Spearman’s Rho correlations between excessive daytime sleepiness, sleep 

quality, sleep hours, platelet oxygen consumption rates (pmol/min) and inflammatory 

markers 

Variable  Correlation coefficient with ESS            p 

GPSQI .217 .333 

Sleep Hours -.020 .928 

BMI -.136 .556 

Basal .121 .592 

Maximal .034 .881 

OXPHOS .121 .593 

SRC -.015 .958 

RCR -.130 .565 

IL1- β .419 .052 

IL-6 .259 .244 

CRP .168 .454 

TNF- α .348 .112 

Note. ESS, Epworth Sleepiness Scale; GPSQI, global Pittsburgh sleep quality 

index; BMI, body mass index; Basal, basal platelet oxygen consumption; 

Maximal, maximal platelet oxygen consumption; OXPHOS, platelet oxygen 

consumption attributable to oxidative phosphorylation; SRC, spare respiratory 

capacity; RCR, respiratory control ratio; IL1- β, interleukin 1 beta; IL-6, 

interleukin 6; CRP, C-reactive protein; TNF- α, tumor necrosing factor alpha. 
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Table 8. Comparison of Oxygen Consumption Rates (pmol/min) and Inflammatory 

Markers (pg/mL) in Stroke Survivors with and without Excessive Daytime Sleepiness 

 

 

 

 

 

 

 

 

 

 

 

Table 9. Comparison of Sleepiness scores, Oxygen Consumption Rates (pmol/min) and 

Inflammatory Markers (pg/mL) in Stroke Survivors with and without Obstructive Sleep 

Apnea 

 
Total 

N=22 

Without 

OSA 

N = 16 

OSA 

N = 6 
t p 

Basal  5.57  2.79 5.39  2.84 6.03  2.86 -.467 .65 

Maximal   10.23  5.30 9.70  5.88 11.66  3.33 -.765 .45 

OXPHOS 4.28  2.19 4.18  2.34 4.55  1.89 -.347 .73 

SRC 4.67  3.26 4.31  3.42 5.63  2.83 -.838 .41 

RCR 8.25  3.03 7.64  2.52 9.86  3.92 -1.580 .13 

ILI- β 5.19  4.32 5.38  3.96  4.68  5.57 .331 .74 

IL-6 2.82  3.61 2.85  3.02 2.71  5.22 .080 .94 

CRP 2.28  1.69 1.98  1.20 3.07  2.56 -1.003 .36 

TNF- α 6.22  3.28 6.96  2.85 4.25  3.81  1.817 .08 

Note. ESS, Epworth Sleepiness Scale; Basal, basal platelet oxygen consumption; 

Oligo-I, Oligomycin-insensitive platelet oxygen consumption; Maximal, maximal 

platelet oxygen consumption; OXPHOS, platelet oxygen consumption attributable to 

oxidative phosphorylation; SRC, spare respiratory capacity; RCR, respiratory control 

ratio; IL1- β, interleukin 1 beta; IL-6, interleukin 6; CRP, C-reactive protein; TNF- α, 

tumor necrosing factor alpha.  

 Total 

N=22 

ESS ≤ 10 

N = 16 

ESS >10 

N = 6 
t p 

Basal  5.57  2.79 5.45  3.08 5.76  2.03 -.20 .84 

Maximal   10.23  5.30 10.11  5.40 10.59  5.50 -.18 .86 

OXPHOS 4.28  2.19 4.18  2.39 4.54  1.68 -.34 .74 

SRC 4.67  3.26 4.62  3.16 4.82  3.83 -.12 .91 

RCR 8.25  3.03 8.04  2.88 8.78  3.64 -.49 .62 

ILI- β 5.19  4.32 3.95  2.42 8.48  6.56 -1.6 .15 

IL-6 2.82  3.61 2.06  1.91 4.81  6.08 -1.1 .32 

CRP 2.28  1.69 2.22  1.78 2.43  1.56 -.25 .80 

TNF- α 6.22  3.28 5.69  3.39 7.65  2.72 -1.2 .22 

Note. Basal, basal platelet oxygen consumption; Oligo-I, Oligomycin-insensitive 

platelet oxygen consumption; Maximal, maximal platelet oxygen consumption; 

OXPHOS, platelet oxygen consumption attributable to oxidative phosphorylation; SRC, 

spare respiratory capacity; RCR, respiratory control ratio; IL1- β, interleukin 1 beta; IL-

6, interleukin 6; CRP, C-reactive protein; TNF- α, tumor necrosing factor alpha. *p<.05; 

**p<.01 
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Discussion 

This was an exploratory study of mechanisms of EDS in chronic stroke 

survivors. Our findings on rates of EDS in stroke survivors are consistent with 

previous studies. In a recent review of the scientific literature on EDS and stroke, 

Ding et al., (2016) found average ESS scores to be between 7 and 12. Similarly 

Martynowicz et al., (2019) found mean ESS scores to be 7.4 in stroke survivors. 

Thus, EDS remains a disruptive sequela post-stroke.  

Obesity. We did not find a relationship between BMI and EDS. However, 

the average BMI for the entire sample and for those participants with EDS was 

under 30. Future studies should continue to assess this relationship with 

participants who have mixed BMIs.  

Sleep Quality. A mean global PSQI score of 5.9 (SD 3.70) reflects poor 

sleep quality among these stroke survivors. Global sleep quality scores were 

higher in those with EDS versus those without indicating worse sleep quality in 

those with EDS. However, EDS did not correlate with global sleep quality. 

Further, the majority of those with EDS described sleep quality as good. This is 

consistent with findings of Bakken et al. (2014) in a larger study of stroke 

survivors who reported good subjective sleep quality among stroke survivors but 

high global PSQI scores indicating poor global sleep quality. The discrepancy 

between subjective descriptions and global scores supports the use of more 

objective measures of sleep quality. Though, subjective description of sleep 

quality should be further explored as this is used commonly in the clinical setting 

to assess sleep quality.  
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The lack of a relationship between sleep hours and EDS is inconsistent 

with findings from other studies (Šiarnik et al., 2018; Slater & Steier, 2012). 

However, sleep hours were reported by participants, not measured directly with a 

sleep study. Thus, the lack of a relationship between total sleep hour and EDS 

may be related to subjective reports. This further supports the need to use more 

objective sleep measures in future studies.  

Obstructive Sleep Apnea. While not statistically significant, EDS was 

higher in the participants with OSA versus those without OSA. However, this lack 

of statistical difference between groups also supports EDS existing independent of 

OSA post-stroke. In a small sample of chronic stroke survivors, Sterr et al., 

(2008) did not find a correlation between nocturnal sleep disturbances and EDS in 

stroke survivors. Further, Brown et al., (2013) and Hsu et al., (2006) found no 

improvement in daytime sleepiness among stroke survivors with OSA adherent to 

continuous positive airway pressure (CPAP) regimens (Brown, et al., 2013; Hsu 

et al., 2006). This further supports that EDS is not solely a function of sleep 

disordered breathing and other metabolic processes are likely at play.  

Oxygen Consumption Rates. While not significant, interesting are the 

overall higher mean values of platelet OCRs in participants with EDS versus 

those without. Higher OCRs may indicate that those with EDS have higher ATP 

demands so the cells must consume oxygen faster to sustain sufficient ATP 

production to meet energy demands (Chacko et al., 2014). This should be studied 

in a larger sample of stroke survivors. Additionally, while not significant, the 

mean values of OCRs in participants with OSA were higher than those without. 
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Sleep apnea and the resulting hypoxia induces central nervous system oxidative 

stress, inflammation, and mitochondrial damage (Yang et al., 2013). These 

stressed cells may be compensating by attempting to consume more oxygen. 

However, what was unknown in this secondary data analysis was whether those 

diagnosed with OSA were using continuous positive airway pressure (CPAP) 

devices while sleeping. CPAP use could lead to a reduction in basal metabolic 

rate (Tachikawa et al., 2016), inflammation and oxidative stress (Wuttiumporn et 

al., 2018). This too merits further study.  

Inflammatory Markers. Also of interest are the elevated levels of 

proinflammatory markers in patients with EDS. While not statistically different, 

those with EDS had higher mean levels of pro-inflammatory markers when 

compared to those without EDS. Yet those with OSA had lower mean 

proinflammatory cytokine levels. While the this may be related to use of CPAP as 

a treatment modality for those with OSA, it doesn’t explain why those with EDS 

have higher mean inflammatory markers. This suggests there are other 

contributing factors increasing inflammation or that daytime sleepiness may 

independently stimulate an inflammatory response. Further, small to moderate 

effects sizes were noted between IL1-B, TNF- α and IL-6. A post hoc power 

analysis was completed using G*Power to determine if there was sufficient power 

to detect these effects. The power to detect a moderate effect (rho =.42) between 

IL1-B and EDS was determined to be 0.54, a small effect (rho = .35) between 

TNF- α and EDS 0.35, and a small effect (rho = .26) between IL-6 and EDS was 
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0.22 indicating the study is underpowered to detect these effects. These 

relationships should be explored further in larger studies.  

This exploratory study had several limitations. First the sample size is 

small which may preclude finding existing relationships between platelet OCRs, 

inflammation, and EDS due to lack of statistical power. Larger studies are 

warranted to investigate these relationships. In addition, some medications and 

treatment measures may influence inflammatory markers, platelet mitochondrial 

function and severity of EDS. However, post hoc analysis using independent t-test 

showed no statistical difference in platelet OCRs or inflammatory markers in 

persons taking medications that may contribute to significant sleepiness such as 

statins, amlodipine, or oral hypoglycemic agents versus those not taking them. 

Post-hoc independent t-test were also completed for those participants taking 

Baclofen and bupropion as these have both been identified as treatment modalities 

to improve EDS symptoms. No statistically significant differences were identified 

in platelet OCRs or inflammatory markers for those taking these medications 

versus those not taking them. Further, it is unknown whether participants with 

OSA were using CPAP as a treatment modality.  

Another limitation to this study was the use of platelets. Platelets are 

anucleated cells so nuclear gene expression that may alter mitochondrial function 

does not occur within these cells. Future studies should assess mitochondrial 

function in cells with a nucleus such as peripheral blood mononuclear cells. 

However, this is the first known study to explore cellular energy metabolism as a 
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contributor to EDS. Given the differences in OCRs between those stroke 

survivors with EDS and without EDS, further study in this area is warranted.  

 In conclusion we have demonstrated higher mean inflammatory markers 

and platelet energy metabolism in stroke survivors with EDS versus those 

without. While not statistically significant in this small study, this data still 

suggests stroke survivors with EDS have altered platelet bioenergetics and 

elevated inflammatory markers in chronic stages of stroke. As some studies have 

identified the importance of EDS in stroke survivors’ morbidity (Wang et al., 

2020), it is necessary to identify potential mechanism through which EDS 

influences poor outcomes. Larger studies should be completed to determine the 

underlying mechanism of the altered platelet energy metabolism and its 

relationship to post-stroke symptoms.  
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Chapter 5: Discussion, Implications and Recommendations 

 The purpose of this dissertation was to: (Aim 1) provide a synthesis of 

existing evidence on the correlates of HF-related fatigue and develop a conceptual 

model based on the TOUS that could be used in future studies; (Aim 2) using the 

conceptual model of HF-related fatigue from Aim 1, test a model of physiologic 

factors to fatigue in adults with heart failure; and (Aim 3) explore the relationship 

between excessive daytime sleepiness and cellular energy metabolism of platelets 

in stroke survivors. The three manuscripts are presented in Chapters 2, 3 and 4. 

This chapter summarizes major findings, examines strengths and limitations, 

underlines implications for clinical practice and recommendations for future 

research. 

Summary of Study Findings 

Fatigue in Heart Failure: A Review of the Scientific Literature 

 Using the TOUS as a guide, a review of the literature was completed to 

identify physiologic, psychologic, and situational correlates of HF-related fatigue. 

Nine physiologic correlates were identified including age, sex, presence of 

dyspnea, pain, disease severity, diuretic use, volume status, anemia, and 

inflammation. Three psychologic correlates were identified including depression, 

anxiety, and perception of symptoms and health. Situational correlates included 

sleep disturbances and social support. Quality of life and functional capacity were 

identified as outcomes influenced by HF-related fatigue. Based on these findings 

a conceptual model was developed and identified correlates grouped according to 

antecedent categories as posited by the TOUS. According to the TOUS, 



 96 

antecedent factors have a reciprocal relationship with the symptom in that they 

can influence or be influenced by the symptom. The conceptual model developed 

included a fourth category as some factors identified did not have a reciprocal 

relationship with fatigue and were therefore identified as individual factors. Select 

physiologic factors were used to support Aim 2 of this dissertation.  

Heart Failure Related Fatigue: An Exploratory Analysis of 2015-2018 

National Health and Nutrition Examination Survey. Hypothesis 2.1 Elevated 

serum osmolality, or the presence of dyspnea would increase the odds of having 

fatigue while controlling for other known physiologic correlates. 

 Results from the adjusted logistic regression model did not demonstrate a 

relationship between dyspnea or serum osmolality to fatigue. This is not 

consistent with literature describing a relationship of dyspnea to fatigue (Jeon & 

Redeker, 2016; Smith et al., 2007). However, disease severity was unknown, and 

participants may not have had significant disease burden limiting the symptoms 

experienced. In this analysis there was little variation of serum osmolality from 

clinically normal levels making it difficult to interpret the absence of a 

relationship. Nevertheless, controlling for age, hemoglobin, serum osmolality, and 

the presence of dyspnea, females were found to have a higher likelihood of 

experiencing fatigue compared to males (OR = 4.68, p = .02, CI .34 – 2.75). This 

may indicate that sex hormones play a role in the presence of fatigue. Moreover, 

sex hormones including estrogen, androgen, and testosterone are thought to 

influence serum hemoglobin via effects on the bone marrow (Murphy, 2014) and 

serum osmolality via regulation of anti-diuretic hormone (Stachenfeld et al., 
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2001). This further suggests that sex hormones may mediate the relationship 

between anemia and/or serum osmolality with fatigue and should be examined in 

future studies.  

Excessive Daytime Sleepiness and Platelet Bioenergetics in Stroke Survivors. 

Hypothesis 3.1. EDS would be negatively related to oxygen consumption rates of 

platelets and sleep quality. Hypothesis 3.2 EDS would have a positive association 

with pro-inflammatory markers CRP, IL-6, IL-1β and TNF-α, and BMI. 

 Excessive daytime sleepiness was recognized in 27.3% of this pilot 

sample. No statistical correlations were identified between EDS, sleep quality, 

OCRs, inflammatory markers, or BMI. The lack of relationship between sleep 

quality and EDS is not consistent with the literature. Mean PSQI scores for those 

participants with EDS indicated poor sleep quality. However, 83.3% of those with 

EDS stated they had good sleep quality. The discrepancies between subjective and 

objective measures of sleep quality are consistent with the literature (Bakken et 

al., 2014) and support use of objective measures when studying sleep. However, 

objective measures such as a polysomnogram may be cumbersome to complete. 

This continued finding stresses the importance of understanding this discrepancy 

exists when asking patients about their sleep quality. 

All inflammatory markers were higher in those with EDS versus those 

without. Further, while not statistically significant, small to moderate effect sizes 

were noted with IL1-β (rho. 42), TNF-α (rho .35), and IL-6 (rho .26) with EDS.  

Post-hoc power analysis indicated the study was underpowered and the 

effect sizes may have been statistically significant with a larger sample size. 
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Higher inflammatory markers and a possible correlation of inflammation to EDS 

suggest EDS may be contributing to inflammation or the inflammation that occurs 

in stroke, may mediate EDS. The higher platelet OCRs found with EDS may 

indicate cellular stress due to high cellular energy demands in patients with 

underlying conditions that contribute to EDS or due to the EDS.  

Study Strengths and Limitations 

 This dissertation begins to address the gap in the literature regarding HF-

related fatigue. Chapter 2 provides a synthesis of knowledge regarding correlates 

of HF-related fatigue and Chapter 3 tested the association between select 

physiologic factors and HF-related fatigue. The strict exclusion criteria for 

Chapter 3, controlled for confounding co-morbid conditions known to contribute 

to fatigue allowing a more robust test of the relationship between select 

physiologic factors and fatigue. Chapter 4 provides evidence of the feasibility of 

conducting future studies assessing the relationship of cellular energy metabolism 

and HF-related fatigue. It further provides effect sizes between inflammatory 

markers and EDS which may be used to power future studies.  

The three manuscripts included in this dissertation specify limitations 

specific to each analysis. However, a major limitation of the first two manuscripts 

is the lack of delineation between HFrEF and HFpEF. These types of HF have 

differences in etiology, characteristics of individuals common to each, and 

response to medical therapeutic regimens, making the identification of underlying 

mechanisms of HF-related fatigue difficult. Further, HF was identified via self-

report in Chapter 3. Future studies should consider the confirmation of type of HF 
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with echocardiogram and the use of a biomarker such as brain natriuretic peptide 

(BNP) to inform disease severity.  

Another major limitation is the lack of a consistent definition and 

measurement tool for fatigue. Two types of fatigue have been identified in HF: 

general and exertional fatigue. While there is extensive literature on the 

physiologic mechanisms of exertional fatigue, limited literature exists on general 

fatigue. Most studies reviewed in the first manuscript (Chapter 2) did not 

delineate between these types of fatigue again impeding our ability to understand 

HF-related fatigue. Further, the measurement of fatigue in the second manuscript 

(Chapter 3) was a single item question from a tool designed to measure 

depression. Use of this tool threatens internal validity of the study due to possible 

measurement error.  

Sample size in the second and third manuscripts (Chapters 3 and 4) was 

another limiting factor in our ability to generalize our findings. The NHANES 

data set was limited by the number of participants with HF and further limited 

with exclusion criteria removing over half of the sample with HF. However, there 

was good model fit with the final model indicating the predictor variables were 

able to distinguish between fatigued and non-fatigued participants. Chapter 4 was 

a secondary analysis of pilot data of twenty-two participants with chronic stroke, 

which may have precluded our ability to detect significant effects and limits the 

generalizability.  
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Implications for Clinical Practice  

 The outcomes of the studies completed provide evidence of the 

importance of addressing fatigue in the clinical setting. Fatigue in the older adult 

may be poorly recognized in the clinical setting and therefore not well managed 

(Yu et al., 2010). It should be recognized that the older adult may attribute fatigue 

to the aging process or engage in compensatory behaviors such as frequent resting 

and thereby underreport the presence or severity of the symptom (Falk et al., 

2007). Further, lower serum osmolality was found in fatigued versus non-fatigued 

participants. This may indicate an increase in disease severity. Further, sleep 

should be assessed cautiously in the clinical setting as patients may report higher 

quality of sleep than what is truly occurring.  

Implications for Nursing Research  

 Findings from this dissertation provide the groundwork for future studies 

to further assess physiologic mechanisms of HF-related fatigue. Using the TOUS 

as a guide, a conceptual model was developed in the first manuscript to explore 

the relationships between known correlates of fatigue. The second manuscript 

only addressed a few identified physiologic variables from the first manuscript 

due to lack of adequate variables or variability of those variables and a reduced 

sample size using data from NHANES. Further research should test how all 

variables influence each other, the symptom of fatigue and patient outcomes.  

Findings from the second manuscript support continued studies on the 

relationship between serum osmolality and the influence of sex hormones on HF-
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related fatigue. Gaining mechanistic insight into general HF-related fatigue is 

imperative to reducing this debilitating symptom and improving patient outcomes.  

The third manuscript (Chapter 4) supports the feasibility of studying the 

relationship between cellular oxygen consumption rates and fatigue in HF. 

Moreover, we found moderate effects for the relationships between EDS and 

inflammation and higher oxygen consumption rates among those stroke survivors 

with EDS, which provides valuable information for powering future studies of 

EDS in stroke. 

Future studies should specify a population with either HFrEF or HFpEF 

and delineate disease severity using an objective measure such as BNP. Further a 

distinction should also be made between general and exertional fatigue with 

specific measures for each.   

Conclusions 

Summarized are key findings from the three manuscripts including 

strengths and limitations of this dissertation. Using the TOUS as a guide a 

conceptual model was developed to explore relationships of physiologic, 

psychologic, and situational correlates to HF-related fatigue that can be used in 

future research. This dissertation adds to the literature on mechanisms of HF-

related fatigue and suggests cellular energy metabolism, serum osmolality and the 

influence of sex hormones be explored further as physiologic mechanisms of 

fatigue.  
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Appendix A 
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