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Abstract 

Title of Dissertation: Steps Towards an Intervention: Exploring Correlates and 

Measurement of Fatigue in Osteoarthritis 

Alisha Jean Hackney, Doctor of Philosophy, 2018  

Dissertation Directed by: N. Jennifer Klinedinst, PhD, MPH, MSN, RN, FAHA 

Associate Professor, Organizational Systems & Adult Health 

 

Background: Fatigue affects up to 90% of adults with osteoarthritis and contributes to 

disability and reduced quality of life. Treatment options are non-specific and limited to 

self-management. These limitations are due to least two gaps in current research: the lack 

of a standardized, reliable, and valid fatigue measure, and the lack of mechanistic insight. 

 

Purpose: To begin to address these limitations, the purposes of this three-manuscript 

dissertation were: 1) to examine standardized, valid, and reliable measures of 

osteoarthritis fatigue and 2) to explore correlates of fatigue to provide mechanistic 

insight. 

 

Methods: The first manuscript is a narrative literature review of osteoarthritis fatigue 

correlates. The second and third manuscripts analyze data from cross-sectional, 

retrospective studies. Analyzing pilot study data in SPSS and WINSTEPS, the second 

manuscript examines psychometrics of the standardized PROMIS Fatigue Short Forms 8a 

and 7a in osteoarthritis. The third manuscript uses data from the 2007-2010 National 

Health and Nutrition Examination Survey (NHANES) to examine fatigue correlates. 

Using SPSS complex samples analysis, adjusted logistic regression models were 



 

generated to predict odds of osteoarthritis fatigue as a function of a biological correlate 

(i.e., systemic inflammation: c-reactive protein [CRP] and white blood cell count 

[WBCC]). 

 

Results: Correlates of osteoarthritis fatigue include age, gender, medications, 

comorbidities, anxiety, depression, joint pain, physical activity, physical exercise, 

physical function, sleep quality, and systemic inflammation. The 8a and 7a were reliable 

(α=.86-.93) in adults with osteoarthritis. Differences existed in 8a, but not 7a, total scores, 

between adults with (N=20) and without osteoarthritis (t29=-2.8, p<.001; N=11). From the 

NHANES data, with every 1 mg/dL increase in CRP, adults with osteoarthritis had 3.19 

times higher odds of fatigue (95% CI 1.11-9.19, p=.03) when controlling for age, pain, 

depression, sleep quantity, sleep disturbances, and body mass index. 

 

Conclusion: These findings have begun to fill the gaps that hindered development and 

testing of targeted interventions. Future research is necessary to gain more understanding 

of the use of the 7a and 8a in osteoarthritis and to delineate the relationship between other 

correlates, including additional systemic inflammatory markers, and fatigue in 

osteoarthritis. This will propel development and testing of targeted interventions. 

 



 

Steps Towards an Intervention: Exploring Correlates and Measurement of Fatigue in 

Osteoarthritis 

 

by 

Alisha Jean Hackney 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dissertation submitted to the Faculty of the Graduate School of the 

University of Maryland, Baltimore in partial fulfillment 

of the requirements for the degree of 

Doctor of Philosophy 

2018 



 

 

 

 

 

 

© Copyright 2018 by Alisha Jean Hackney 

All Rights Reserved



 iii 

Dedication 

 

To the One who gave it all for me. (John 3:16) 

 



 iv 

Acknowledgements 

 

I want to recognize and thank the Robert Wood Johnson Foundation (RWJF) and 

Johnson & Johnson, Inc. This work would not have been possible without their financial 

provision. Many thanks in particular to Dr. Sue Hassmiller, Dr. Julie Fairman, and 

Heather Kelley-Thompson for their mentorship and support throughout my PhD program. 

Thank you for investing in our nation’s health. 

 

I am very grateful to all of those with whom I have had the pleasure of working 

with the last four years, especially my dissertation committee. Dr. N. Jennifer Klinedinst, 

thank you for being an incredible mentor and source of clarity and direction for me. If I 

had to do it all over again, I would choose you. I hope one day I can be a patient, kind, 

and wise mentor like you have been for me. Dr. Meg Johantgen, thank you for obtaining 

RWJF support and for investing in me as a scholar. Your commitment to my success has 

been obvious throughout my program and I am forever grateful for your patience and 

dedication. Many thanks to Drs. Barbara Resnick, Cynthia Renn, and Gary Fiskum for 

being willing to join me on this journey. It has been a wonderful experience to have you 

all on my committee. Your unique career trajectories and successes are reminders for me 

to continue to pursue what I am passionate about. 

 

I would also like to thank the friends who provided unconditional love and 

support over last four years. Sandy Chon and Emily Parker, your friendships are 

blessings in my life. Thank you for always reminding me of the goodness inside of me, 

for laughing and praying with me, for kabobs and fancy water dates, and for still wanting 

to watch mindless television with me even though I talk. All of these were the secret 

ingredients to my success! Stacey Iobst, I could not have picked a better person to walk 

out this journey with. You have been a great friend and study buddy. Thank you for your 

encouragement and countless hours spent together doing statistics, editing, talking, and 

laughing – it all helped make this possible. Your work ethic and passion for what you do 

is an inspiration to me. Teresa Yeh, I am first grateful for your willingness to help me in 

any way during my program. Second, I am thankful for your academic perspective. It was 

your insight and feedback that helped me to form my thoughts and ideas into the 

dissertation written here. 

 

Finally, to the people who have been with me through it all: Mom, Dad, Andrew, 

Darren, and Memay, ‘thank you’ fails to capture the gratitude and love in my heart for 

you. You each have supported my academic endeavors without hesitation and your 

senses of humor keep life light. I would not be who I am or where I am today without 

your unconditional love and unwavering support. 

 

 



 v 

Table of Contents 

 

Chapter 1: Background and Significance ........................................................................... 1 
Introduction ................................................................................................................................. 1 
Purpose ........................................................................................................................................ 6 
Conceptual Framework ............................................................................................................... 7 
Methods ..................................................................................................................................... 10 
Study Organization ................................................................................................................... 13 

Chapter 2: A Review and Synthesis of Correlates of Fatigue in Osteoarthritis................ 16 
Introduction ............................................................................................................................... 16 
Purpose ...................................................................................................................................... 17 
Methods ..................................................................................................................................... 18 
Results ....................................................................................................................................... 19 

Non-Modifiable Factors ........................................................................................................ 19 
Modifiable Factors ................................................................................................................ 21 
Biobehavioral Model of Fatigue in Osteoarthritis ................................................................ 27 

Discussion ................................................................................................................................. 27 
Conclusion ................................................................................................................................ 32 

Chapter 3: Measuring Fatigue in Adults with Osteoarthritis: Reliability and Validity 

Testing of the PROMIS Fatigue Short Forms................................................................... 35 
Introduction ............................................................................................................................... 35 
Measurement of Fatigue ............................................................................................................ 37 
The PROMIS Fatigue Short Forms 8a and 7a .......................................................................... 39 
Purpose ...................................................................................................................................... 40 
Methods ..................................................................................................................................... 41 

Study Design and Sample ..................................................................................................... 41 
Measures ............................................................................................................................... 42 
Statistical Analysis ................................................................................................................ 42 

Results ....................................................................................................................................... 44 
PROMIS Fatigue Short Form 8a .......................................................................................... 44 
PROMIS Fatigue Short Form 7a .......................................................................................... 46 

Discussion ................................................................................................................................. 47 
Relevance to Nursing Practice & Research .............................................................................. 49 
Study Strengths and Limitations ............................................................................................... 50 

Chapter 4: Relationship of Systemic Inflammation and Fatigue in Osteoarthritis ........... 55 
Introduction ............................................................................................................................... 55 
Purpose ...................................................................................................................................... 58 
Methods ..................................................................................................................................... 59 

Study Design and Sample ..................................................................................................... 59 
Measures ............................................................................................................................... 60 
Statistical Analysis ................................................................................................................ 63 

Results ....................................................................................................................................... 65 
Sample Characteristics and Demographics ........................................................................... 65 
Differences between Fatigued and Non-Fatigued Participants ............................................. 65 
Unadjusted Models ............................................................................................................... 66 
Adjusted Models ................................................................................................................... 66 

Discussion ................................................................................................................................. 67 
Study Strengths and Limitations ............................................................................................... 70 



 vi 

Chapter 5: Discussion, Implications, and Recommendations ........................................... 81 
Overview of Major Findings ..................................................................................................... 81 
Study Strengths and Limitations ............................................................................................... 84 

Study Design ......................................................................................................................... 85 
Sample .................................................................................................................................. 85 
Data Quality .......................................................................................................................... 86 

Implications For Conceptual Framework .................................................................................. 87 
Implications For Nursing Research ........................................................................................... 90 
Implications For Clinical Practice ............................................................................................. 91 
Conclusion ................................................................................................................................ 93 

Appendix A: Biobehavioral Model of Sickle Cell Disease Fatigue ................................. 95 

Appendix B: 2007-2010 NHANES Measures .................................................................. 96 

Appendix C: Unweighted Correlation Matrix ................................................................ 100 

References ....................................................................................................................... 101 

 



 vii 

List of Tables 

Table 1. Correlates as Biobehavioral Factors of Fatigue in Osteoarthritis ....................... 34 

Table 2. Sample Characteristics (N=31) ........................................................................... 52 

Table 3. Mean Scores & Ranges for Individual Measure Items ....................................... 53 

Table 4. Rasch Model Testing Fit Statistics ..................................................................... 54 

Table 5. Sample Characteristics and Demographics......................................................... 74 

Table 6. Sample Characteristics and Demographics Between Fatigued and Non-Fatigued 

Participants (N=269) ......................................................................................................... 76 

Table 7. Unadjusted Logistic Regression Models Predicting Odds of Fatigue ................ 78 

Table 8. Adjusted Logistic Regression Models Predicting Odds of Fatigue .................... 79 

 

 

 



 viii 

List of Figures 

Figure 1. The Biobehavioral Model of Fatigue in Osteoarthritis...................................... 15 

Figure 2. Flow Diagram of 2007-2010 NHANES Participant Selection .......................... 80 

Figure 3. The Biobehavioral Model of Fatigue in Osteoarthritis [Expanded] .................. 94 

file://///Users/alishahackney/Desktop/FINAL.docx%23_Toc519111713
file://///Users/alishahackney/Desktop/FINAL.docx%23_Toc519111715


 ix 

List of Abbreviations 

 

7a PROMIS Fatigue Short Form 7a 

8a PROMIS Fatigue Short Form 8a 

CBC Complete Blood Count 

CRP C-Reactive Protein 

GPAQ Global Physical Activity Questionnaire 

IL Interleukin 

MAF-GFI Multidimensional Assessment of Fatigue – Global Fatigue Index 

MFI Multidimensional Fatigue Inventory  

MNSQ Mean-Square Fit Statistic 

NHANES National Health and Nutrition Examination Survey 

NSAIDS Non-Steroidal Anti-inflammatory Drugs 

PHQ-6 Patient Health Questionnaire-Six 

PHQ-9 Patient Health Questionnaire-Nine 

PI Principal Investigator 

PROMIS Patient-Reported Outcomes Measurement Information System 

SPSS Statistical Package for the Social Sciences 

TNF Tumor Necrosis Factor 

UMB IRB University of Maryland Baltimore Institutional Review Board 

WBC White Blood Cell  

ZSTD Standardized Z Score 



 1 

Chapter 1: Background and Significance 

Introduction 

Within the last decade, fatigue has come to the forefront of symptom management 

because of its deleterious effects on quality of life (Ricci, Chee, Lorandeau, & Berger, 2007) and 

cost to society (Ameringer & Smith, 2011). The National Institutes of Health Patient-Reported 

Outcomes Measurement Information System (PROMIS) defines fatigue as “an overwhelming, 

debilitating, and sustained sense of exhaustion that decreases one's ability to carry out daily 

activities, including the ability to work effectively and to function at one's usual level in family 

or social roles” (Riley et al., 2010 p. 1318). Fatigue negatively affects function (Bower, 2012), 

contributing to disability (Carlesso, Hawker, Waugh, & Davis, 2016; Cross, Lapsley, Barcenilla, 

Brooks, & March, 2008; Jhamb, Weisbord, Steel, & Unruh, 2008; Novaes, Perez, Beraldo, Pinto, 

& Gianini, 2011) and a higher pain and depression symptom burden (Castrejon et al., 2016; 

Huang, Hsieh, & Lee, 2015; Novaes et al., 2011; Sale, Gignac, & Hawker, 2008; Stebbings, 

Herbison, Doyle, Treharne, & Highton, 2010; Zautra, Fasman, Parish, & Davis, 2007). 

Moreover, fatigued individuals cost United States employers almost $137 billion a year in lost 

productive time, an excess of $101 billion per year when compared to non-fatigued counterparts 

(Ricci et al., 2007). One study found that fatigue, particularly in older adults, is associated with a 

greater mortality over ten years (Hardy & Studenski, 2008). The magnitude of this association 

between fatigue and mortality is similar to the increased mortality seen in heart disease and 

diabetes mellitus (Hardy & Studenski, 2008). 

 Although fatigue affects between 13 and 25% of the general population (Aritake et al., 

2015; Cathébras, Robbins, Kirmayer, & Hayton, 1992; Cullen, Kearney, & Bury, 2002), the 

prevalence of fatigue is higher in individuals with health conditions, suggesting that higher levels 
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of fatigue coexist with disease (Ricci et al., 2007). For instance, clinically significant fatigue is 

present in up to 40% of individuals with coronary heart disease (Eckhardt, Devon, Piano, Ryan, 

& Zerwic, 2014) and severe levels of fatigue are found in 41 to 57% of patients with a single 

inflammatory rheumatoid disease (i.e., rheumatoid arthritis, ankylosing spondylitis) (Overman, 

Kool, Da Silva, & Geenen, 2016). Additional research has explored fatigue in a variety of 

chronic diseases including: rheumatoid arthritis (Zautra et al., 2007), fibromyalgia (Boehm, 

Ostermann, Milazzo, & Büssing, 2012; Zautra et al., 2007), end stage renal disease and dialysis 

(Boehm et al., 2012; Jhamb et al., 2008), cancer, multiple sclerosis, and asthma (Boehm et al., 

2012). 

 Emerging research has highlighted fatigue as a prevalent and significant symptom in 

osteoarthritis (Power, Badley, French, Wall, & Hawker, 2008; Smith & Parmelee, 2016; Zautra 

et al., 2007). Osteoarthritis occurs in over 30 million adults in the United States (Centers for 

Disease Control and Prevention, 2017), affecting mostly older adults with the average age of 

diagnosis between 50 and 53 years (Berger et al., 2011; Losina et al., 2013; Macdonald, 

Sanmartin, Langlois, & Marshall, 2014). Between 58 and 90% of individuals with osteoarthritis 

report some level of fatigue (Cross et al., 2008; Wolfe, Hawley, & Wilson, 1996) and 35 to 41% 

report severe or clinically significant fatigue (Overman et al., 2016; Wolfe et al., 1996). These 

levels are high compared to the 13 to 25% prevalence rate in the general population. Specifically, 

individuals with osteoarthritis describe fatigue as “complete exhaustion” and feeling like 

“coming up against a brick wall” (Power et al., 2008), that is similar (Chua, Gibson, & Pincus, 

2017; Wolfe et al., 1996; Wolfe, Michaud, & Pincus, 2004) or worse when compared to the 

fatigue experienced by individuals with rheumatoid arthritis (Chua et al., 2017; Cross et al., 

2008; Zautra et al., 2007). This is particularly concerning given that arthritis, including 
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osteoarthritis, is a leading cause of disability in the United States (Centers for Disease Control 

and Prevention, 2013). Evidence suggests that fatigue is a contributor to osteoarthritis disability 

(Garip, Güler, & Tuncer, 2016; Murphy, Smith, Clauw, & Alexander, 2008; Novaes, Perez, 

Beraldo, Pinto, & Gianini, 2011; Sturgeon, Darnall, Kao, & Mackey, 2015), warranting the need 

for effective interventions.  

 Currently, the Agency for Healthcare Research and Quality’s national clinical guidelines 

for care and management of adults with osteoarthritis do not address fatigue (National Clinical 

Guideline Centre, 2014). The Arthritis Foundation, makes recommendations for treatment of 

underlying conditions (e.g., anemia, malnourishment) causing fatigue in osteoarthritis, but when 

there is no clear underlying cause, non-specific treatment options are limited to self-management 

through development of good lifestyle habits (e.g., exercise, balanced nutrition) (Arthritis 

Foundation, n.d.-a). Ultimately the lack of specific interventions for care and management of 

osteoarthritis fatigue results in reduced quality of life for affected individuals. This deficiency in 

available interventions is secondary to at least two limitations in current research.  

 First, to develop effective and testable interventions for osteoarthritis fatigue there is a 

prerequisite for reliable and valid fatigue measures. A variety of fatigue instruments have been 

used in previous osteoarthritis work, including visual analog scales (Murphy, Smith, Clauw, & 

Alexander, 2008; Taylor-Gjevre, Gjevre, Nair, Skomro, & Lim, 2011), single item instruments 

(Smith & Parmelee, 2016), the Fatigue Severity Scale (Cross et al., 2008), Multidimensional 

Assessment of Fatigue-Global Fatigue Index (Cross et al., 2008; Stebbings et al., 2010), and 

Profile of Mood States-Fatigue (Hawker et al., 2011). Yet, the use of multiple fatigue scales 

makes it challenging to compare outcomes across osteoarthritis studies, as well as outcomes in 

other chronic diseases, indicating the additional need for a standardized measure. To address this 



 4 

need, the National Institutes of Health have designed a series of measures (short forms and a 

computer adaptive test), including items to assess fatigue, to be used as a common metric (Cella 

et al., 2016). Although the PROMIS fatigue short forms were developed and tested in a variety 

of populations including pregnancy, fibromyalgia (Ameringer et al., 2016), HIV (Gibbons et al., 

2017), healthy controls (Ameringer et al., 2016), cancer, and premenstrual syndrome 

(Christodoulou, Schneider, Junghaenel, Broderick, & Stone, 2014; Stone, Broderick, Junghaenel, 

Schneider, & Schwartz, 2016), a majority of the empirical evidence reveals that only the 

PROMIS Fatigue Short Form 7a (7a) has been studied in osteoarthritis (Broderick, Schneider, 

Junghaenel, Schwartz, & Stone, 2013; Christodoulou et al., 2014; Stone et al., 2016). But there 

are several reasons that other PROMIS fatigue short forms may also serve as a standardized 

measure of fatigue in osteoarthritis. The first, is that a handful of the PROMIS fatigue short 

forms were designed differently than the more commonly used 7a. Prior to field testing, a team 

constructed the 7a so that it represents the range of fatigue and the content of the original 95-item 

PROMIS fatigue item bank from which it came (Patient-Reported Outcomes Measurement 

Information System, 2015). In contrast, other PROMIS fatigue short forms, namely the 4, 6, and 

8a, were designed through psychometric methods involving computer adaptive testing 

simulations. Remaining items of these short forms were then reviewed by content experts and the 

instruments were reduced to four, six or eight items (Patient-Reported Outcomes Measurement 

Information System, 2015). Of particular interest is the PROMIS Fatigue Short Form 8a (8a). 

Because of its unique creation, distinct from the 7a, yet its comparable length, the 8a may have 

different results when measuring fatigue in osteoarthritis. The 7a is useful for capturing variation 

in fatigue symptoms because it measures physical, cognitive, and general dimensions of fatigue 

(i.e., the range of fatigue). While, the 8a is recommended as being a precise measure because it 
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quantifies the severity of general fatigue (Patient-Reported Outcomes Measurement Information 

System, 2015). Nonetheless, limited data exists to support or refute this claim in most 

populations including osteoarthritis. Thus, exploration of the psychometrics of the 8a itself and 

in comparison to the established psychometric properties of the 7a will shed light on the 

functionality of both instruments as standardized measures of fatigue in osteoarthritis that can be 

used to compare findings across studies. This will facilitate development and testing of 

interventions that target and manage osteoarthritis fatigue. 

 Additionally, in order to develop robust interventions for management and treatment of 

osteoarthritis fatigue, mechanistic insight is needed. To date, research in osteoarthritis fatigue 

focuses on its correlates like physical activity, pain, and depression (Castrejon et al., 2016; 

Huang et al., 2015; Murphy, Lyden, Smith, Dong, & Koliba, 2010; Novaes et al., 2011). 

Although these are important contributors to fatigue and its mechanism, research fostering an 

understanding of biologic mechanisms in conjunction with these known psychosocial correlates 

is crucial for targeted intervention development.  

  Fatigue research in other chronic diseases has elucidated the role of biological 

components, like systemic inflammation, as potential pathways for fatigue to occur (Lasselin et 

al., 2012; Neu et al., 2014; Valentine, Woods, Mcauley, Dantzer, & Evans, 2011; Xiao et al., 

2016). In several disease processes outside of osteoarthritis, systemic inflammation is suggested 

to play a role in the genesis of fatigue (Lakhan, Kirchgessner, & Hofer, 2009; Lasselin et al., 

2012; Morris, Berk, Galecki, Walder, & Maes, 2015; Ormstad, Aass, Amthor, Lund-Sørensen, & 

Sandvik, 2011; Wood, Nail, Gilster, Winters, & Elsea, 2006). For instance, fatigue is positively 

associated with elevated serum c-reactive protein (CRP) and interleukin 6 (IL-6) in type 2 

diabetics (Lasselin et al., 2012), blood CRP and IL-6 in cancer patients (Xiao et al., 2016), and 
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IL-1 beta (β), IL-8, IL-10, and tumor necrosis factor-alpha (TNF-α) in individuals with chronic 

fatigue syndrome (Neu et al., 2014). It is possible the systemic inflammation-fatigue relationship 

exists in osteoarthritis, especially given that osteoarthritis is emerging as a low-grade 

inflammatory disease (Hosnijeh et al., 2016; Pearle et al., 2007; Robinson et al., 2016; Stürmer, 

Brenner, Koenig, & Günther, 2004). Only a handful of studies have begun to explore this 

pathway in osteoarthritis fatigue (Castrejon et al., 2016; Stebbings et al., 2010) and it may prove 

to be a primary way in which fatigue occurs in osteoarthritis. Findings will highlight target sites 

for future interventions as interventions from similar mechanistic research in other disease states 

have been implemented and found to be effective in mitigating fatigue (Bower et al., 2015; Serra, 

Ryan, Ortmeyer, Addison, & Goldberg, 2017; Späth-Schwalbe et al., 1998). To date, there is a 

dearth of such biological research in osteoarthritis fatigue that results in a poor mechanistic 

insight and few targeted interventions. 

Purpose 

New studies that addresses these limitations in our understanding of osteoarthritis fatigue 

will be useful for assessment of fatigue and development of interventions that mediate pathways 

of fatigue in osteoarthritis. This descriptive study aimed to begin to address these limitations. To 

support this science, this study adapted the Biobehavioral Model of Symptom Management as a 

guide for: 1) examination of standardized, valid, and reliable measures for identifying fatigue in 

osteoarthritis, and 2) exploration of the potential multifaceted etiology and mechanisms of 

osteoarthritis fatigue. The specific aims and respective hypotheses of this dissertation were:  

Aim 1: Review and synthesize existing literature of factors associated with fatigue in 

adults with osteoarthritis.   
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Aim 2: Measure the reliability and validity of a standardized fatigue measure (PROMIS 

Fatigue Short Form 8a), compared to a common standardized fatigue measure (PROMIS Fatigue 

Short Form 7a) and explore their psychometric properties as measures of fatigue in adults with 

osteoarthritis. Hypothesis 2.1: The 8a will have comparable reliability and validity to the 7a. 

Hypothesis 2.2: Both measures will be valid and reliable for measuring fatigue in adults with 

osteoarthritis. 

Aim 3: Evaluate the relationship between a biological factor (systemic inflammation) and 

fatigue in adults with osteoarthritis while controlling for established correlates. Hypothesis 3.1: 

Elevated systemic inflammation (C-reactive protein and White Blood Cell count) will result in 

increased odds of fatigue in adults with osteoarthritis, when controlling for other correlates 

(age, pain, depressive symptoms, sleep quantity and quality, and body mass index). 

Conceptual Framework 

An adaptation of the Biobehavioral Model of Symptom Management from Ameringer & 

Smith (2011) that guided this study is found in Figure 1. The Biobehavioral Model of Symptom 

Management suggests that within the context of a health experience, there are personal factors, 

disease-related factors, and biological and behavioral moderators that interact with biological 

mediators to explain symptoms or symptom clusters affecting health outcomes (Ameringer & 

Smith, 2011). A depiction of the original Biobehavioral Model of Symptom Management 

presented by Ameringer & Smith (2011) is provided in Appendix A. The model shows that in 

sickle cell disease, personal factors and disease-related factors (not listed in original article) are 

mediated and moderated by biological factors (sickled erythrocytes, hypoxemia, oxidative stress, 

and inflammation) to explain the outcome of fatigue. Also in the model is also that behavioral 

factors, which may include perceived stress, anxiety, depressive symptoms, and pain, can also 
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moderate this relationship. Moreover, behavioral factors and biological factors can interact and 

mediate relationships explaining fatigue in sickle cell disease.  

 The adapated model, the Biobehavioral Model of Fatigue in Osteoarthritis (Figure 1) 

presents individual factors (synonymous with personal factors), disease specific factors 

(synonymous with disease-related factors), behavioral factors, and biological factors similar to 

those found in the model proposed by Ameringer & Smith (2011), in addition to psychosocial 

factors (not part of the original model) which can be distinct from factors that fall within any of 

the other categories.  

 Ultimately the Biobehavioral Model of Symptom Management was adapted because of 

its parsimonious framework and its consideration of biological factors in explaining symptoms, a 

perspective currently lacking in the osteoarthritis fatigue literature. Our adaptation of the 

Biobehavioral Model of Symptom Management was a result of the literature review completed 

in Chapter 2 and suggests that in a health experience like osteoarthritis, biobehavioral factors are 

independently and collectively associated with the outcome of fatigue. In order to note indicated 

direction, because the literature is in its infancy, lines were used in Figure 1 to imply a 

relationship amongst factors. Ideally the outcome of fatigue in the Biobehavioral Model would 

be with a standardized measure so fatigue is easily identified and so outcomes will be 

comparable across disease populations.  

  The literature review presented in Chapter 2 provides more information regarding direct 

and indirect relationships the biobehavioral factors in Figure 1 have with osteoarthritis fatigue. 

Briefly, a large number of studies show that behavioral factors like poor sleep quality (including 

sleep disturbance) (Castrejon et al., 2016; Hawker et al., 2010; Stebbings et al., 2010), an 

increase in general but not individualized physical activity (Murphy, Lyden, Smith, Dong, & 
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Koliba, 2010), decreased engagement in high intensity or resistance exercise (Casilda-López et 

al., 2017; Hennig et al., 2015), and impaired physical function are independently associated with 

increased osteoarthritis fatigue (Carlesso et al., 2016; Liao & Ferrell, 2000; Parrish, Zautra, & 

Davis, 2008; Schepens, Kratz, & Murphy, 2012). Additional research shows psychosocial factors 

like depression to be positively associated with fatigue (Carlesso et al., 2016; Stebbings et al., 

2010) while there is mixed, but limited evidence, regarding the association between anxiety and 

fatigue in osteoarthritis (Carlesso et al., 2016; Castrejon et al., 2016). Disease specific factors 

like joint pain are positively associated with fatigue in osteoarthritis (Castrejon et al., 2016; 

Murphy, Niemiec, Lyden, & Kratz, 2016; Smith & Parmelee, 2016) even though some evidence 

does not support this relationship (Novaes et al., 2011; Stebbings et al., 2010). Another disease 

specific factor, disease severity, has not yet been shown to be significantly associated with 

osteoarthritis fatigue (Botterman, Bode, Siemons, Van De Laar, & Dekker, 2016; Stebbings et 

al., 2010), although findings by Murphy & Smith (2010) revealed a non-significant positive 

trend. Fewer studies have found relationships between individual factors, including 

comorbidities (Hoogeboom, Den Broeder, Swierstra, De Bie, & Van Den Ende, 2012; Zullig et 

al., 2015), medications (Botterman et al., 2016), age, and gender (Botterman et al., 2016), and 

osteoarthritis fatigue. Moreover, research supports indirect relationships between psychosocial 

factors (depression), disease specific factors (joint pain), and behavioral factors (physical 

function) to explain osteoarthritis fatigue (Hawker et al., 2011).  

 Substantially less research has explored how biological factors (e.g., systemic 

inflammation) directly act as a correlate of osteoarthritis fatigue. Two studies attempted to 

explore the direct role of systemic inflammation in osteoarthritis fatigue, but found mixed 

relationships. Castrejon et al. (2016) found no significant association between inflammation and 
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fatigue in osteoarthritis. However, inflammation was limited to affected joints and was not 

systemic. Moreover, Stebbings et al. (2010) found higher CRP had the strongest negative 

association with fatigue in osteoarthritis after adjusting for age, disease severity, sleep, pain, 

physical function, anxiety, depression, and disability. However, the authors concluded results to 

not be clinically relevant because the mean CRP level was 4.2 mg/L and bordered the lower limit 

of detection (4 mg/L). This biological factor likely has a direct relationships with osteoarthritis 

fatigue, yet it is not well-explored. 

 To align with the aims and overarching purposes of this study, the Biobehavioral Model 

of Fatigue in Osteoarthritis developed in Chapter 2 was used to focus on: measurement of fatigue 

as the outcome (Aim 2) and the direct relationship between a specific biological factor (systemic 

inflammation) and the outcome (fatigue) while accounting for individual factors, personal 

factors, disease specific factors, and behavioral factors (Aim 3). 

Methods 

To address the aims of this study and achieve the purpose, the following methods were 

used. Aims 2 and 3 of this study were secondary data analyses and all data used was de-

identified, so the protocol qualified as non-human subjects research by the University of 

Maryland Baltimore Institutional Review Board (UMB IRB). Aim 1 was not considered human 

subjects research and thus, did not require reviewed or approval by the UMB IRB. Statistical 

significance was determined at the p<.05 level (2-tailed). 

Aim 1 was a narrative literature review of osteoarthritis fatigue and its correlates. A 

literature search was conducted in PubMed and CINAHL using search terms that included: 

“osteoarthritis”, “fatigue”, “correlates”, “mechanism”, “factors”, and “association”. In articles 

reviewed, backwards reference searching was performed to identify additional research that 
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included correlates of fatigue in osteoarthritis. Articles were included if they measured fatigue in 

participants with osteoarthritis and examined its relationship with other variables. Additionally, 

articles were included regardless of publication year to ensure a comprehensive look at the 

literature surrounding osteoarthritis fatigue. The purpose of the review was to present the current 

evidence of known and potential factors associated with fatigue in osteoarthritis and areas of 

needed research. Findings were synthesized into a conceptual framework that promotes 

mechanistic insight into this phenomenon. This conceptual framework, the Biobehavioral Model 

of Fatigue in Osteoarthritis, was used to guide this study. 

Aim 2 was a cross-sectional, retrospective design using data from a pilot study (Omics of 

pain, resilience, and physical activity in older adults with osteoarthritis, Pilot PI: N. J. 

Klinedinst, 1 P30 NR016579-01; MPI: S. Dorsey, B. Resnick, C. Renn) that explored the 

relationships between several biological factors, resilience, and physical activity in older adults 

with joint pain. Participants (N=31) were recruited from the community and were eligible if they 

spoke English, were 55 years of age or older, and self-reported joint pain within the last seven 

days. Participants were ineligible if they were unable to pass the evaluation to sign consent 

(Resnick et al., 2007) or were previously told by a physician that they had rheumatoid arthritis, 

gout, heart failure, chronic obstructive pulmonary disease, Parkinson’s disease, or Alzheimer’s 

disease. The purpose was two-fold. First, we sought to test the reliability and validity of the 

PROMIS Fatigue Short Form 8a and compare it to the reliability and validity of the 7a to build 

the literature surrounding the 8a. Second, because fatigue in osteoarthritis is not well studied, but 

may be a significant contributor to decreased quality of life in affected adults, we sought to 

explore how the PROMIS Fatigue Short Form 8a and 7a compare in measuring fatigue in 

osteoarthritis. Using IBM Statistical Package for the Social Sciences (SPSS) Version 24, 
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descriptive statistics were used to describe the total sample. Basic measurement analyses (e.g., 

independent samples t-test for construct validity, Pearson r coefficient for parallel forms 

reliability, and Cronbach’s alpha for internal consistency) were used to compare PROMIS 

fatigue short forms in the total sample and in participants with osteoarthritis. Using the 

WINSTEPS statistical program, a Rasch measurement model transformed raw item difficulties 

and raw person scores from the 8a and 7a to equal interval measures of logits on a line in a 

“meter stick.” The equal interval measures transformed by the Rasch model were used to map 

items of the 8a and 7a on an interval scale. Item mapping established if items on each measure 

comprehensively addressed the concept of fatigue (unidimensionality) and determined the 

difficulty of each item to confirm validity (Smith & Smith, 2004). A person separation index 

computed in the Rasch analysis was synonymous to a traditional alpha coefficient for measuring 

internal reliability (≥.70 is adequate). 

  Aim 3 was a cross-sectional, multi-year retrospective design using data from the 2007 to 

2010 National Health and Nutrition Examination Survey(NHANES). Participants (N=296) were 

included if they had osteoarthritis, participated in a mobile examination center session, and did 

not self-report current or past diagnosis of: gout, coronary artery disease, congestive heart 

failure, myocardial infarction, angina or angina pectoris, cancer, weak or failing kidneys, 

emphysema, report of sickness in the last 30 days, diabetes or pre-diabetes, thyroid problems, 

bronchitis, and liver problems. The purpose of this study was to explore the direct relationship 

between systemic inflammation and symptoms of fatigue in osteoarthritis while controlling for 

covariates (age, pain, depressive symptoms, sleep quantity and quality, and body mass index). 

The hypothesis was that elevated systemic inflammation will result in increased odds of fatigue 

in adults with osteoarthritis, when controlling for other correlates. Using IBM SPSS, complex 
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sample analysis with appropriate sample weights, frequencies, percentages, and means were 

calculated to describe the prevalence of osteoarthritis, osteoarthritis fatigue and its associated 

demographic and clinical characteristics. Independent samples t-tests and chi-square tests of 

independence were conducted to explore differences between non-fatigued and fatigued adults 

with osteoarthritis. Unweighted Pearson r correlations were used to explore bivariate 

relationships. Finally, model building using a series of unadjusted and adjusted hierarchical 

logistic regression models generated predictive models of odds of fatigue as a function of 

systemic inflammation while controlling for covariates.  

Study Organization 

The following chapters of this dissertation include three manuscripts (Chapters 2 to 4). The 

manuscripts are consistent with the three aims of the study and are each prepared for submission 

to peer reviewed journals. These chapters collectively focus on fatigue in osteoarthritis and are 

valuable contributions to the limitations discussed as present in the scientific literature. Chapter 2 

is a comprehensive literature review and synthesis of factors associated with fatigue in 

osteoarthritis. The manuscript provides a well-developed understanding of the multifaceted 

etiology of osteoarthritis fatigue within the context of the Biobehavioral Model of Fatigue in 

Osteoarthritis. It provides a framework for future research exploring mechanistic insight into 

osteoarthritis fatigue and supported Aims 2 and 3 of this study. Chapter 3 is an evaluation of the 

psychometric properties of the PROMIS Fatigue Short Form 8a in comparison to the more 

commonly used 7a as a way to gauge their functionality as standardized fatigue measures in 

osteoarthritis. The scientific contribution of this manuscript is two-fold. First, the reliability and 

validity evidence adds to the limited body of available research of the 8a. Second, findings 

provide insight into the usage of the 8a in osteoarthritis fatigue research. This is because like the 
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7a, the 8a is a standardized measure but unlike the 7a, it is able to identify fatigue in 

osteoarthritis. Chapter 4 tested the potential, not well-explored direct relationship between a 

biological factor and fatigue in the Biobehavioral Model of Fatigue in Osteoarthritis. 

Specifically, the analysis explored the direct relationship between systemic inflammation and 

osteoarthritis fatigue while accounting for a number of other factors in the Biobehavioral Model. 

This manuscript provides potential mechanistic insight into the symptoms of fatigue, without 

disregarding the effects and influence of non-biological factors. This may be valuable insight for 

development of therapeutic interventions. Finally, Chapter 5 provides an overview of the 

research and major findings in Chapters 2 to 4, examines overall strengths and limitations, and 

summarizes implications for the conceptual framework, and future nursing research and clinical 

practice.
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Adapted from Ameringer, S. & Smith, W. R. (2011). Emerging biobehavioral factors 

of fatigue in sickle cell disease. J Nurs Scholarship, 43(1), 22-29. Relationships are 

depicted based on evidence reviewed in Chapter 2. Solid lines indicate established 

direct relationships with osteoarthritis fatigue; dashed lines indicate indirect 

relationships to osteoarthritis fatigue; and dotted lines indicate potential, not well-

explored relationships in osteoarthritis fatigue.  

 

Figure 1. The Biobehavioral Model of Fatigue in Osteoarthritis 
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Chapter 2: A Review and Synthesis of Correlates of Fatigue in Osteoarthritis1 

Introduction 

Osteoarthritis affects over 30 million adults in the United States (Centers for 

Disease Control and Prevention, 2017). Older adults are most commonly affected; with 

the average age of diagnosis between 50 and 53 years (Berger et al., 2011; Losina et al., 

2013; Macdonald et al., 2014). Arthritis, including osteoarthritis, is a leading cause of 

disability in the United States (Centers for Disease Control and Prevention, 2013). 

Osteoarthritis is characterized by a degeneration of joint cartilage and underlying bone 

accompanied by symptoms of pain, joint stiffness, and fatigue (Wyatt et al., 2014). 

Between 35 to 41% of adults with osteoarthritis report severe or clinically significant 

fatigue (Overman et al., 2016; Wolfe et al., 1996). While pain has been considered the 

primary contributor to disability in osteoarthritis (Huang et al., 2015; Leveille, Fried, & 

Guralnik, 2002), mounting evidence suggests that fatigue is also independently associated 

with osteoarthritis related disability (Garip, Güler, & Tuncer, 2016; Murphy et al., 2008; 

Novaes et al., 2011; Sturgeon et al., 2015).  

Fatigue is defined in many ways, and research outside of osteoarthritis suggests it 

is a multidimensional concept. Yet, in osteoarthritis, fatigue is not well explored or 

defined. For the purposes of this discussion osteoarthritis fatigue refers to a generalized 

fatigue and is defined as “an overwhelming, debilitating, and sustained exhaustion that 

decreases one’s ability to carry out daily activities, including the ability to work 

effectively and to function at one’s usual level in family or social roles” (Riley et al., 

2010, p.1318). Specifically, individuals with osteoarthritis describe fatigue as “complete 

exhaustion” and feeling like “coming up against a brick wall” (Power et al., 2008), that is 
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similar (Chua et al., 2017; Wolfe et al., 1996, 2004) or worse when compared to the 

fatigue experienced by individuals with rheumatoid arthritis (Chua et al., 2017; Cross et 

al., 2008; Zautra et al., 2007). Beyond knowledge that fatigue in osteoarthritis increases 

from the morning to night with higher levels midday (Schepens et al., 2012), the 

characteristics of osteoarthritis fatigue and its trajectory are not well defined.  

Fatigue in community-dwelling older adults is associated with greater mortality 

over ten years (Hardy & Studenski, 2008), a risk that may also exist in osteoarthritis 

fatigue. The magnitude of the association between fatigue and mortality in older adults is 

similar to that seen in heart disease and diabetes mellitus (Hardy & Studenski, 2008). In 

addition to potential increased mortality, fatigued individuals with osteoarthritis have 

difficulty with physical activity and function like walking, exercising, and performing 

chores, and need to take more time, require more rest, and are easily exhausted as 

compared to individuals with rheumatoid arthritis or when symptoms of fatigue were not 

present (Cross et al., 2008; Power et al., 2008). Moreover, individuals with osteoarthritis 

fatigue report having to give up volunteer and social activities, which are essential for 

maintaining joint function and life engagement for successful aging (Power et al., 2008).  

Purpose 

 Despite the significant burden fatigue places on adults with osteoarthritis, limited 

interventions exist to mediate it. The Agency for Healthcare Research and Quality’s 

national clinical guidelines for care and management in adults with osteoarthritis do not 

address management of fatigue (National Clinical Guideline Centre, 2014). Moreover, 

the Arthritis Foundation recommends treatment of underlying conditions (e.g., anemia, 

malnourishment) to treat fatigue, but make only lifestyle recommendations (e.g., 
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increased physical exercise, adequate hydration) for management of generalized fatigue 

without a clear underlying cause (Arthritis Foundation, n.d.-a). An understanding of the 

underlying causes of fatigue among adults with osteoarthritis is necessary for establishing 

effective treatments and improving quality of life. To begin to illuminate potential 

mechanisms for osteoarthritis related fatigue, awareness of previously explored correlates 

of fatigue in osteoarthritis is needed. Thus, the purpose of this narrative literature review 

is to present the current evidence of known and potential factors associated with fatigue 

in osteoarthritis, and synthesize our findings into a conceptual framework. The 

overarching goal of this work is to provide insight into areas of needed research and 

guide future work toward mechanistic insight of osteoarthritis related fatigue. 

Methods 

 A literature search was conducted in PubMed and CINAHL using search terms 

that included: “osteoarthritis”, “fatigue”, “correlates”, “mechanism”, “factors”, and 

“association”. Articles were included if they measured fatigue in participants with 

osteoarthritis and examined its relationship with other variables. Articles were also 

included regardless of publication year to ensure a comprehensive look at the literature 

surrounding osteoarthritis fatigue. In addition, backwards reference searching was 

performed to identify additional research that included correlates of fatigue in 

osteoarthritis. 

 To synthesize the findings of this review, the Biobehavioral Model of Symptom 

Management from Ameringer & Smith (2011) was adapted. The Biobehavioral Model of 

Symptom Management suggests that within the context of a health experience, there are 

personal factors, disease-related factors, and biological and behavioral moderators that 
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interact with biological mediators to explain symptoms or symptom clusters affecting 

health outcomes (Ameringer & Smith, 2011). The adaptation of this conceptual 

framework was titled the Biobehavioral Model of Fatigue in Osteoarthritis (Figure 1). 

Correlates from this review were grouped into Biobehavioral Factor categories including: 

individual factors (synonymous with personal factors), disease specific factors 

(synonymous with disease-related factors), behavioral factors, and biological factors 

similar to those found in the model proposed by Ameringer & Smith (2011), in addition 

to psychosocial factors (not part of the original model) which can be distinct from factors 

that fall within any of the other categories. Ultimately, the Biobehavioral Model of 

Symptom Management was adapted because of its parsimonious framework that is all 

inclusive of a large number of factors that likely contribute to a phenomenon.  

Results 

Several non-modifiable factors including age, gender, comorbidities, and disease 

severity, and modifiable factors such as medications, joint pain, depression, anxiety, sleep 

quality, physical activity (including physical exercise), physical function, and systemic 

inflammation were identified as potential correlates of osteoarthritis fatigue (Table 1). 

Non-Modifiable Factors 

Age. While fatigue is a common complaint among older persons (Alexander et 

al., 2010), evidence to support a fatigue-age relationship in osteoarthritis is inconsistent. 

Multiple studies have found a relationship between age and osteoarthritis fatigue, but the 

direction of the relationship varies. Several studies show increased age is associated with 

increased osteoarthritis fatigue (Hawker et al., 2011; Stebbings et al., 2010). Yet some 

outcomes show age was positively associated with an increase in only physical fatigue in 
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osteoarthritis (Kratz et al., 2013), while others showed that increased age is associated 

with decreased osteoarthritis fatigue (Castrejon et al., 2016). Nonetheless, most of the 

research suggests age is positively associated with fatigue in osteoarthritis. 

 Gender. A majority of osteoarthritis fatigue research demonstrates that women 

have higher levels of fatigue when compared to men (Botterman et al., 2016; Hawker et 

al., 2010, 2011; Jebakani et al., 2013; Wolfe et al., 1996). Over time, the odds of a high 

fatigue trajectory is 1.24 times higher for women compared to male (Botterman et al., 

2016). In fact, the odds of low fatigue over time is more than two times higher for males 

compared to women (Botterman et al., 2016). However, previous findings suggests no 

difference in osteoarthritis fatigue by gender (Cross et al., 2008). Similar to the trend in 

the age-fatigue relationship, a vast majority of the research suggests female gender is 

positively associated with fatigue in osteoarthritis. 

 Comorbidities. Several studies have begun to elucidate a relationship between 

comorbidities and osteoarthritis fatigue. Individuals with comorbid conditions are 67% 

less likely to have a low fatigue trajectory over time when compared to an individual 

without a comorbid disease (Botterman et al., 2016). Specifically, a higher number of 

comorbid conditions is positively associated with worse fatigue (Zullig et al., 2015). 

Specific disease processes associated with worse osteoarthritis fatigue include depression 

and diabetes mellitus (Zullig et al., 2015). When individuals with knee or hip 

osteoarthritis report joint pain beyond their affected knee(s) or hip(s), they are more 

severely fatigued compared to those with localized pain (Hoogeboom et al., 2012). These 

findings suggest that having multiple diseases, in conjunction with an osteoarthritis 

diagnosis, results in higher levels of fatigue.  
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Disease Severity. Disease severity in osteoarthritis is typically determined via 

grading the amount of joint degeneration based on the Kellgran-Lawrence grading system 

using radiologic evidence. Using the Kellgran-Lawrence grading system, a radiograph of 

an affected joint is assigned a grade from 0 to 4, which correlates with increasing severity 

of osteoarthritis (Grade 0 indicates no presence of osteoarthritis and Grade 4 indicates 

severe osteoarthritis) (Kohn, Sassoon, & Fernando, 2016). Using this grading system, a 

positive non-significant relationship between osteoarthritis severity and fatigue was 

previously shown (Murphy & Smith, 2010). More recent work found no correlation 

between hip or knee osteoarthritis severity and fatigue, and severity of osteoarthritis was 

not a significant predictor of fatigue in unadjusted or adjusted regression models 

(Stebbings et al., 2012). While a six-year longitudinal study also found no association 

between severity of osteoarthritis and fatigue severity in individuals with hip and knee 

osteoarthritis (Botterman et al., 2016). Combined, this evidence does not support a 

relationship between radiological evidence of disease severity and osteoarthritis fatigue.  

Modifiable Factors 

 Medications. Drugs and drug side effects are known to contribute to fatigue in a 

variety of populations, especially among older adults. Several studies have shown that 

drugs commonly prescribed in osteoarthritis for pain management are associated with 

fatigue including non-steroidal anti-inflammatory drugs (NSAIDs) (Botterman et al., 

2016), sleep aids (Endeshaw, 2015), and analgesics like opioids (Turk & Cohen, 2010). 

Moreover, a qualitative study found that individuals with osteoarthritis report their 

prescribed medications, typically those taken for pain, contribute to their symptoms of 

fatigue (Power et al., 2008). A systematic review exploring the effects of pain 
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management on sleep problems in osteoarthritis found that up to 50% of patients 

receiving long-acting opioids report somnolence as an adverse event (Turk & Cohen, 

2010). Conversely, the odds of having a low fatigue trajectory was four times higher for 

NSAID users compared to individuals not using NSAIDs when accounting for the effects 

of age, gender, comorbidities, and osteoarthritis severity (Botterman et al., 2016). These 

findings suggest that pain management through usage of NSAIDS, compared to other 

pain medications, may have a protective effect for osteoarthritis fatigue. No additional 

research was found to explore fatigue in osteoarthritis in relation to other classes of 

medications.  

Joint Pain. A large amount of evidence highlights a positive relationship between 

joint pain and general, physical or mental fatigue in osteoarthritis (Castrejon et al., 2016; 

Huang et al., 2015; Murphy, Niemiec, Lyden, & Kratz, 2016; Murphy & Smith, 2010; 

Power et al., 2008; Smith & Parmelee, 2016; Wolfe et al., 1996; Zautra et al., 2007). For 

instance, with lifestyle changes that manage pain and improve function (e.g., physical 

therapy and analgesic use) adults with knee osteoarthritis have reduced pain and 

decreased fatigue severity over time (Snijders et al., 2011). Furthermore, evidence of 

adequate pain management through the use of NSAIDs resulting in decreased fatigue 

trajectories (Botterman et al., 2016) further supports the fatigue-pain relationship.  

Two studies did not find a relationship between pain and osteoarthritis fatigue 

(Stebbings et al. 2010; Novaes et al. 2011), and, instead, highlight that other factors have 

a stronger, more significant relationship with osteoarthritis fatigue. For example, pain 

was found to be a significant predictor of osteoarthritis fatigue in an unadjusted linear 

regression model until age, inflammatory levels, disease severity, sleep quality, 
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depression, anxiety, physical function, and disability were accounted for (Stebbings et al., 

2010). Supporting this, is evidence that osteoarthritis fatigue is more significantly 

associated with disability compared to pain (Novaes et al., 2011). Nonetheless, the 

literature supports the notion that a positive relationship exists in some measure between 

joint pain and fatigue in osteoarthritis. 

 Depression. Several studies show a positive relationship between depression and 

fatigue in osteoarthritis (Carlesso et al., 2016; Castrejon et al., 2016; Power et al., 2008; 

Sale et al., 2008; Stebbings et al., 2010). Yet when pain is accounted for, depression is no 

longer a significant contributor to osteoarthritis fatigue (Zautra et al., 2007), suggesting 

pain and its associated disability may mediate or moderate the osteoarthritis fatigue-

depression relationship (Hawker et al., 2011).  

Anxiety. Two recent studies provide mixed findings for the relationship between 

osteoarthritis fatigue and anxiety. One study reported that increased osteoarthritis fatigue 

is moderately correlated with higher anxiety (Carlesso et al., 2016), while the second 

found osteoarthritis fatigue and anxiety were not significantly correlated (Castrejon et al., 

2016). Collectively, the description of this relationship is inconclusive. 

 Sleep Quality. Adults with osteoarthritis often report poor sleep quality or sleep 

disturbances (Taylor-Gjevre et al., 2011), that is associated with significantly higher 

fatigue compared to adults with osteoarthritis reporting normal sleep (Castrejon et al., 

2016; Hawker et al., 2010; Stebbings et al., 2010). Additional research showed that with 

short term improvements in overall sleep quality there are long term reductions in fatigue 

(Vitiello et al., 2014). Although there exists a sleep quality-fatigue relationship in 

osteoarthritis, prior research suggests poor sleep quality is associated with joint pain 
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experienced during the night (Gignac et al., 2006), which may exacerbate fatigue during 

the day. When adjusting for the effect of pain, sleep quality is no longer significantly 

contributed to osteoarthritis fatigue (Zautra et al., 2007). Moreover, a literature review 

found that long-acting opioid analgesic therapy in osteoarthritis is associated with 

positive impact on sleep quality (Turk & Cohen, 2010).  

 Physical Activity. Physical activity is defined as “any bodily movement produced 

by skeletal muscles that results in energy expenditure” and includes physical exercise 

(Peeters et al., 2013, p. 661). Clinical practice guidelines in osteoarthritis recommend 

participation in physical activity and exercise for pain management and preservation of 

joint function (National Clinical Guideline Centre, 2014). However, osteoarthritis fatigue 

is a barrier for individuals to participate in physical activity (Petursdottir, Arnadottir, & 

Halldorsdottir, 2010) and may explain why those with osteoarthritis have lower average 

and peak physical activity over time (Murphy et al., 2008). For instance, women with hip 

or knee osteoarthritis exhibit decreased physical activity when feeling fatigue, a 

relationship consistent even when accounting for pain (Murphy et al., 2008).  

 Adults with osteoarthritis are four times more likely to have increased fatigue 

after periods of high activity (Murphy et al., 2012). But adults with osteoarthritis who 

preplan activities and alternate between rest and activity have less activity associated 

fatigue (Murphy et al., 2012). With adequate preplanning and alternating rest with bouts 

of activity, individuals with osteoarthritis may be able to mitigate fatigue and increase 

physical activity. This works best when the alternation of activity and rest periods are 

individualized (based on an individual’s specific relationship between activity and 

symptoms) (Murphy, Lyden, Smith, Dong, & Koliba, 2010; Murphy & Kratz, 2014). 
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However, one study found that tailored activity pacing had no effect on improving 

osteoarthritis fatigue or physical function (Murphy et al., 2016). A majority of the 

findings suggest an underlying, but varying, relationship between fatigue and physical 

activity in osteoarthritis.  

 Exercise. Recent literature found that a variety of physical exercises significantly 

decrease osteoarthritis fatigue in the short and long term (Casilda-López et al., 2017; Park 

et al., 2017; Wyatt et al., 2014). Light exercises like walking, chair yoga, and stretching 

with Tai Chi movements are effective in reducing osteoarthritis fatigue immediately post-

intervention but had no long term effects on fatigue (Park et al., 2017; Wyatt et al., 2014; 

Yip et al., 2008). Conversely, moderate aerobic exercise such as a dance aquatic program 

(Casilda-López et al., 2017) or resistance training (Hennig et al., 2015) resulted in 

sustained reductions in osteoarthritis fatigue for three months. These outcomes support 

the notion that physical exercise is negatively associated with osteoarthritis fatigue in 

some fashion. More explicitly, only aerobic or resistance exercises were associated with 

improving osteoarthritis fatigue over the long term when compared to more gentle 

exercises (e.g., yoga, Tai Chi) or no exercises.  

 Physical Function. Physical function is defined as the ability to undertake 

everyday tasks (e.g., sitting, standing, walking) (Peeters et al., 2013). A large amount of 

research has explored the relationship between physical function and fatigue in older 

adults with osteoarthritis, finding that with increased fatigue there is an increase in 

functional impairment. Furthermore, when fatigue is improved there is an improvement 

in physical function impairment (Carlesso et al., 2016; Liao & Ferrell, 2000; Parrish et 

al., 2008; Schepens et al., 2012; Snijders et al., 2011; Wolfe, 1999).  



 26 

Some evidence suggests functional ability may also affect fatigue. Following 

performance of various physical function tasks (i.e., sweeping, reaching, lifting and 

carrying, and walking) fatigue initially increases in adults with osteoarthritis and 

decreases performance of additional tasks (Schepens et al., 2012). Further complicating 

the relationship between physical function and osteoarthritis fatigue, some research 

shows that functional ability mediates the relationship between fatigue and physical 

activity. With increased physical function there is a negative fatigue-physical activity 

relationship (Murphy et al., 2013). To mitigate fatigue, previous work suggests titrating 

pacing interventions to an individual’s functional ability during physical activity (Murphy 

et al., 2013). 

Systemic Inflammation. Only one study explored the relationship between 

systemic inflammation and fatigue in osteoarthritis. Higher blood c-reactive protein 

(CRP) levels had the strongest negative association with fatigue in osteoarthritis after 

adjusting for age, disease severity, sleep, pain, physical function, anxiety, and depression 

(Stebbings et al., 2010). However, researchers considered the result not clinically relevant 

because the mean level of CRP in the group was 4.2 mg/L and the lower limit of 

detection was 4 mg/L. Thus, the findings of this relationship are inconclusive. A more 

recent study did explore inflammation in relation to symptoms of fatigue in osteoarthritis 

(Castrejon et al., 2016). Researchers found no significant association. However, 

inflammation was localized to affected joints as opposed to systemic and was measured 

using a highly subjective subscale from the RheuMetric completed by a physician. 
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Biobehavioral Model of Fatigue in Osteoarthritis 

The Biobehavioral Model of Fatigue in Osteoarthritis (Table 1) synthesizes the 

findings reviewed here and proposes that in osteoarthritis, individual, disease specific 

(specific to the disease process of osteoarthritis), psychosocial, and behavioral factors are 

related to fatigue. Potential individual factors reviewed as correlates to osteoarthritis 

fatigue include age, gender, medications, and comorbidities. Disease specific factors 

include joint pain and disease severity. Psychosocial factors include depression and 

anxiety, and behavioral factors include sleep quality, physical activity (which may 

include exercise), and physical function. 

 Figure 1 was designed based on the evidence reviewed here. The model highlights 

direct relationships between factors of the Biobehavioral Model and osteoarthritis fatigue 

(solid lines), and indirect relationships between some factors to influence osteoarthritis 

fatigue (dashed lines; e.g., joint pain and sleep quality). In order to not indicate direction, 

because the literature research is in its infancy, lines were used to imply a relationship 

between the factors.  

Discussion 

Although osteoarthritis fatigue is less well researched compared to fatigue in 

other diseases, the large amount of evidence reviewed here implies its significance and 

presents its potential correlates. It is important to note this review does not claim 

causality among variables, but instead recognizes the relationships. The relations 

discussed here vary, but overall, they suggest a positive relationship between non-

modifiable factors (older age, female gender, comorbidities) and modifiable factors (non-

NSAID pain medication use, joint pain, depression, poor sleep quality, general physical 
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activity, less physical exercise, and impaired physical function) and fatigue in 

osteoarthritis. Moreover, non-modifiable and modifiable factors can be synthesized 

within the Biobehavioral Model of Fatigue in Osteoarthritis, a model that can be used as a 

guide for discovery of mechanistic pathways underlying fatigue in osteoarthritis. 

Important to acknowledge, there are a few studies reviewed here that do not 

support the overarching relationships among a handful of correlates including age, 

gender, joint pain, and anxiety with fatigue in osteoarthritis. Such differences are likely 

related to variation in sample characteristics and/or fatigue measurement across studies. 

For instance, studies finding a positive relationship between age and fatigue in 

osteoarthritis had two commonalties: 1) participants had hip or knee osteoarthritis, and 2) 

comprehensive measures that explored dimensions of fatigue [e.g., Multidimensional 

Fatigue Inventory (MFI) or Multidimensional Assessment of Fatigue – Global Fatigue 

Index (MAF-GFI)] were used. Conversely, the one study supporting a negative age-

fatigue relationship included participants with all types of osteoarthritis (Castrejon et al., 

2016) and used a visual analog scale to measure fatigue. Similarly, a study that found no 

differences in osteoarthritis fatigue by gender, operationalized fatigue as a score of 

greater than three on the Fatigue Severity Scale (Cross et al., 2008), whereas research 

confirming a fatigue-female gender relationship in osteoarthritis used more 

multidimensional instruments for measuring fatigue. Equally important to consider is that 

research confirming the fatigue-female gender relationship in osteoarthritis has samples 

that were disproportionally female, with 65 to 89% of participants being female, thus 

males may have been underrepresented. In studies exploring the joint pain-fatigue 

relationship researchers that found a positive association used visual analog or numerical 
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rating scales to measure fatigue. Conversely, studies by Novaes et al. (2011) and 

Stebbing et al. (2010), which found no relationship between joint pain and fatigue, used 

the MAF-GFI to measure fatigue. Finally, evidence suggesting tailored or individualized 

activity had no association with osteoarthritis fatigue, included participants who had a 

low symptom burden, as the authors noted that people who were ineligible for the study 

typically exhibited higher levels of fatigue. Unique differences in fatigue measurement in 

this relationship were not noted. Ultimately the differences in outcomes in these few 

studies collectively emphasize the influence of sample characteristics and the importance 

of consistent measure of fatigue across studies. Future research should strive for a 

gender-matched sample, account for osteoarthritis type when exploring fatigue, and 

consider the use of a standardized measure of fatigue so results are consistent and easily 

comparable across studies. 

There was also mixed evidence of the anxiety and fatigue relationship, while no 

relationship was identified between disease severity and osteoarthritis fatigue. Although 

these results may be telling, we recommend additional research incorporate these 

variables to further explore their relevance to osteoarthritis fatigue and have retained 

them in the Biobehavioral Model of Fatigue in Osteoarthritis. Only two studies were 

found to investigate the relationship between anxiety and fatigue in osteoarthritis and the 

findings were mixed, possibly again related to differences in the samples or fatigue 

measurement. Participants in the study that found a positive anxiety-fatigue relationship 

(Carlesso et al., 2016) had more significant joint impairments compared to participants in 

the study that found no anxiety-fatigue relationship (Castrejon et al., 2016), suggesting 

the possibility that the anxiety-fatigue relationship is impacted by level of joint 
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dysfunction (or perhaps the type of osteoarthritis). Moreover, all of the studies exploring 

disease severity included participants with knee or hip osteoarthritis and used multi-item 

instruments like the MAF-GFI (Stebbings et al., 2010). This further suggests that 

accounting for osteoarthritis type and use of consistent fatigue measures may make 

outcomes increasingly comparable across studies. 

In the original Biobehavioral Model of Symptom Management there is an implied 

relationship between biological factors and the outcome of fatigue. There exists a 

noticeable gap in the literature of biological factors associated with fatigue in 

osteoarthritis. Systemic inflammation is related to symptoms of fatigue in other chronic 

diseases (Lakhan et al., 2009; Lasselin et al., 2012; Morris et al., 2015; Moss, 

Mercandetti, & Vojdani, 1999; Wood et al., 2006). Osteoarthritis is known to be 

inflammatory in nature (Hosnijeh et al., 2016; Pearle et al., 2007; Robinson et al., 2016; 

Sohn et al., 2012; Stürmer et al., 2004), but only one study (Stebbings et al., 2010) has 

explored the relationship between osteoarthritis fatigue and systemic inflammation. Thus, 

future work should consider incorporating biological research, including systemic 

inflammation, when investigating osteoarthritis fatigue. It is possible that inclusion of 

biological factors in osteoarthritis fatigue research will highlight additional indirect 

relationships that influence fatigue (not depicted). For instance, potential relationships 

between biological and individual factors, several of which (e.g., age, medications) have 

a relationship with systemic inflammation (Franceschi & Campisi, 2014; Xiao et al., 

2016). Some behavioral factors, like physical activity, may also be associated with 

biological factors as studies have shown that exercise may mitigate inflammation (Ford, 

2002; Woods, Wilund, Martin, & Kistler, 2012). It is likely that these relationships exist 
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in osteoarthritis fatigue, and require additional research after the direct relationship with 

biological factors and fatigue is delineated. It is also plausible that because our review 

was comprehensive but not exhaustive, other biological and non-biological factors not 

discussed here are associated with osteoarthritis fatigue. Examples may include ethnicity 

and race, illness beliefs, patient perspectives and resilience, nutritional status, genetics, or 

environmental exposures, all not well studied in osteoarthritis fatigue. 

While all of the relationships presented here require additional research, this 

review also highlighted several direct and indirect relationships to osteoarthritis fatigue 

that need more exploration. For example, the evidence of the association between 

medications and osteoarthritis fatigue focused on the side effect of fatigue as a result of 

the use of non-NSAID pain medications. Yet, it is possible that other drug classes 

commonly prescribed to older adults may have similar effects on fatigue (e.g., anti-

hypertensives, anti-diuretics, statins) but requires additional research. In addition, 

polypharmacy is a growing issue in older adults and is known to be associated with 

negative clinical consequences (Maher et al., 2014), which may include presence or 

exacerbation of fatigue in individuals with osteoarthritis. Additionally, the sleep quality 

and fatigue relationship was consistent across studies, yet findings alluded to the notion 

that one way to manage poor sleep quality, as a way to alleviate osteoarthritis fatigue, 

may be through adequate pain control. Similar indirect relationships are presented in the 

evidence of the ability of pain and impaired physical function to impact the depression-

fatigue relationship (Hawker et al., 2011) or how functional ability may mediate physical 

activity and fatigue (Murphy et al., 2013). 
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Conclusion 

 With the increase in the prevalence of osteoarthritis in the aging population, there 

will also be an increase of its associated symptomatology, including fatigue. The lack of 

knowledge regarding the etiology of fatigue in osteoarthritis is concerning. Currently, 

limited treatment options exist and untreated fatigue continues to contribute to functional 

limitations, decreased social engagement, and diminished quality of life. Here we 

presented the current evidence of potential factors associated with osteoarthritis fatigue 

and synthesized our findings within a multifaceted model. While a systematic review 

may have been more rigorous and provided an overview of the methodological quality of 

the research discussed, there is a small body of osteoarthritis fatigue research that 

conclusions could be based on. Therefore, a narrative review was an important first step 

toward encouraging work in this area.  

Even with acknowledgement of this shortcoming, this is the first review to our 

knowledge that begins to outline and synthesize the correlates of fatigue in osteoarthritis. 

Such a synthesis of knowledge will be pivotal for future work in this area, as we have 

reviewed correlates of osteoarthritis fatigue and synthesized them into a multidimensional 

framework for future study design. Our discussion provides several areas in osteoarthritis 

fatigue research where this framework can be implemented. Research that incorporates 

such a multidimensional approach proposed in our model is likely to produce findings 

that enrich the state of the science toward intervention design and testing. The 

Biobehavioral Model of Fatigue in Osteoarthritis will facilitate this multifaceted approach 

in examining the direct relationships and interplay between individual, disease specific, 

behavioral, psychosocial, and biological factors, and osteoarthritis fatigue. Research 
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examining these relationships has the potential to elucidate modifiable and non-

modifiable pathways for development of osteoarthritis fatigue. Only after such research is 

conducted can implications for clinicians and patients be conferred. Yet, significant 

findings from this body of research will encourage design of robust and novel 

interventions that target modifiable factors as a first step toward interventions to mitigate 

osteoarthritis fatigue. Ultimately, this knowledge will increase our understanding of 

osteoarthritis fatigues’ etiology, leading to novel nursing interventions for prevention, 

management, and treatment. 
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Table 1. Correlates as Biobehavioral Factors of Fatigue in Osteoarthritis 

 Correlate Biobehavioral Grouping 

Non-Modifiable Age Individual Factor 

 Gender Individual Factor 

 Comorbidities Individual Factor 

 Disease Severity Disease Specific Factor 

Modifiable Medications Individual Factor 

 Joint Pain Disease Specific Factor 

 Depression Psychosocial Factor 

 Anxiety Psychosocial Factor 

 Sleep Quality Behavioral Factor 

 Physical Activity (with Physical Exercise) Behavioral Factor 

 Physical Function Behavioral Factor 

 Systemic Inflammation Biological Factor 

 

 



1Alisha Hackney, N. Jennifer Klinedinst, Barbara Resnick. In preparation for submission. 
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Chapter 3: Measuring Fatigue in Adults with Osteoarthritis: Reliability and 

Validity Testing of the PROMIS Fatigue Short Forms1 

Introduction 

Fatigue is a complex phenomenon with no widely accepted definition. Yet, many types of 

fatigue have been proposed including general, physical, mental, and emotional fatigue. General 

fatigue is defined as “an overwhelming, debilitating, and sustained exhaustion that decreases 

one’s ability to carry out daily activities, including the ability to work effectively and to function 

at one’s usual level in family or social roles” (Riley et al., 2010, p. 1318). Thus, it is an overall 

feeling of fatigue one experiences that diminishes ability to function in daily activities and 

decreases quality of life. Early research defines physical fatigue as “feelings of tiredness” and 

“feeling physical drained” (Hursh et al., 2004), and mental fatigue was defined in relation to 

“cognitive symptoms, such as having difficulty concentrating” (Smets, Garssen, Bonke, & De 

Haes, 1995). Moreover, previous work defines emotional fatigue as “emotional exhaustion or 

depletion” (Cropanzano, Rupp, & Byrne, 2003; Wright & Cropanzano, 1998) explained as “the 

state of feeling overwhelmed, drained, and used up” emotionally (Maslach & Zimbardo, 2003; 

Stein, Martin, Hann, & Jacobsen, 1998, p. 3). Despite the lack of a widely accepted definition 

and many types of fatigue, a common theme is that fatigue is characterized by a sense of 

exhaustion or reduced ability to perform at a certain level.  

 This exhaustion, whether general, physical, mental or emotional, continues to be a 

common and prevalent symptom in both healthy and diseased individuals. In the general 

population it impacts between 13 and 25% of individuals (Aritake et al., 2015; Cathébras et al., 

1992; Cullen et al., 2002), affecting more females than males (Cullen et al., 2002; Engberg, 

Segerstedt, Waller, Wennberg, & Eliasson, 2017; Pawlikowska et al., 1994). Yet, the prevalence 
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of fatigue is higher in individuals with multiple comorbidities compared to healthy individuals, 

suggesting higher levels of fatigue coexist with disease (Ricci et al., 2007). Recent evidence 

suggests fatigue is common among individuals with musculoskeletal disorders and inflammatory 

conditions (Overman et al., 2016) including osteoarthritis (Smith & Parmelee, 2016; Zautra, 

Fasman, Parish, & Davis, 2007).  

 Osteoarthritis affects over 30 million adults in the United States (Centers for Disease 

Control and Prevention, 2017), 35 to 41% of whom report severe or clinically significant fatigue 

(Overman et al., 2016; Wolfe et al., 1996). Osteoarthritis related fatigue is a significant 

contributor to functional impairment in these individuals (Garip et al., 2016; S.L. Murphy et al., 

2008; Novaes et al., 2011; Sturgeon et al., 2015). Fatigue in osteoarthritis is associated with 

difficulty with physical activity (e.g., housework, recreational activity, exercise) and function 

(e.g., activities of daily living such as bathing, dressing, and instrumental activities of daily 

living such as making meals, using the telephone). Adults with osteoarthritis related fatigue 

report needing to take more time to perform routine activities, requiring more rest, and feeling 

easily exhausted compared to adults with rheumatoid arthritis or those not fatigued (Cross et al., 

2008; Power et al., 2008). While the consequences of fatigue significantly hinder quality of life, 

few effective interventions exist to mitigate or treat fatigue in osteoarthritis. Research supporting 

intervention development has been hampered by the lack of valid and reliable measures of 

fatigue to be used in both clinical and research settings. As a result, there is poor clarity of the 

phenomenon of fatigue in osteoarthritis and its various dimensions. In a qualitative study, Power 

et al. (2008) showed that adults with osteoarthritis report feeling different types of fatigue, 

including ‘mental’ and ‘physical’ fatigue. A handful of studies have begun to attempt to 

differentiate general, physical, and mental fatigue in osteoarthritis (Huang et al., 2015; Kratz et 
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al., 2013). But, the lack of standardized measurement makes it hard to compare fatigue and its 

dimensions across studies. 

Measurement of Fatigue 

Because of the variation in definition and dimensions of fatigue within and across chronic 

diseases, there are a number of ways researchers and clinicians measure fatigue in adults. At 

least 10 measures of fatigue are unidimensional and focus on the severity or impact of fatigue in 

an affected individual’s life. Examples of unidimensional measures include the Brief Fatigue 

Inventory (Mendoza et al., 1999), Fatigue Severity Scale (Krupp, LaRocca, Muir-Nash, & 

Steinberg, 1989) and the Functional Assessment of Cancer Therapy: Fatigue Subscale (Yellen, 

Cella, Webster, Blendowski, & Kaplan, 1997). Unidimensional measures derive a single score 

that captures heterogeneous symptoms and behaviors related to fatigue (Dittner, Wessely, & 

Brown, 2004). Conversely, there are at least 20 multidimensional instruments that provide a 

more qualitative and quantitative assessment of fatigue, including its phenomenology, severity, 

impact, and duration (Dittner et al., 2004). Common examples of multidimensional fatigue 

instruments include the Fatigue Assessment Instrument (Schwartz, Jandorf, & Krupp, 1993), 

Fatigue Impact Scale (Fisk et al., 1994), and the Multidimensional Assessment of Fatigue and 

Global Fatigue Index (Bormann, Shively, Smith, & Gifford, 2001). Multidimensional 

instruments can be particularly useful for understanding specific types of fatigue in a disease. In 

osteoarthritis fatigue research, a variety of unidimensional and multidimensional instruments 

have been used including visual analog scales, single items, the Fatigue Severity Scale, the 

Multidimensional Assessment of Fatigue and Global Fatigue Index, and the Profile of Mood 

States – Fatigue (Cross et al., 2008; Hawker et al., 2010; Murphy et al., 2008; Smith & Parmelee, 

2016). Although the fatigue scales are valid and reliable measures, the large number of them 
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make it challenging to compare outcomes across studies. Additionally, several of the fatigue 

measures are lengthy and burdensome (Mendoza et al., 1999), highlighting a need for brief 

measures that do not sacrifice precision. 

In an effort to develop less cumbersome and valid and reliable instruments for 

measurement of patient-reported health outcomes, like fatigue, across a variety of health 

conditions, the Patient-Reported Outcome Measurement Information System (PROMIS) was 

developed by the National Institutes of Health. The goal was to create a set of publicly available 

and efficient measures of fatigue that could serve as a common metric (Cella et al., 2016). 

PROMIS researchers used rigorous methodology for development of a fatigue item bank and for 

generation of fixed short forms and computer adaptive testing. An in-depth discussion of the 

item bank, short form, and computer adaptive testing creation is beyond the scope of this review 

and has been published elsewhere (Garcia et al., 2007; Lai et al., 2011). In brief, the original 

PROMIS fatigue item bank contained 112-items collected from literature reviews, patient focus 

groups, individual cognitive interviews, and legacy measures (the 13 item Function Assessment 

of Chronic Illness Therapy-Fatigue and Short Form-36 Vitality Scale) (Cella et al., 2016; Lai et 

al., 2011). The final item bank contains 95 calibrated items that measure fatigue experience and 

fatigue interference and includes the legacy measures to facilitate crosswalk between the 

PROMIS item bank and existing research (Cella et al., 2016; Lai et al., 2011). From this final 

item bank researchers can construct short forms by selecting items based on content (content-

oriented) or selecting items using item parameter threshold values obtained from item response 

theory estimation (measure-oriented) (Lai et al., 2011). The latter would allow for selection of 

questions based on the range of fatigue one wanted to capture. For example, in one analysis a 

short form for use in adults with more severe fatigue contained items which had the highest 
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calibration on the fatigue continuum (i.e., items reflect the most severe fatigue) (Lai et al., 2011). 

Likewise, a short form for use in adults with mild fatigue contained items, which had the lowest 

calibration on the fatigue continuum (i.e., items reflecting less fatigue). 

The PROMIS Fatigue Short Forms 8a and 7a  

Two of the multiple PROMIS short forms developed were the PROMIS Fatigue Short 

Form 8a (8a) and PROMIS Fatigue Short Form 7a (7a). They were both designed from the final 

95-item fatigue item bank, however they were designed differently. The original fatigue short 

form is the more commonly used 7a form, which was a content-oriented short form originally 

designed for use in cancer populations (Garcia et al., 2007; Lai et al., 2011). The 7a is a seven-

item instrument that measures an individual’s fatigue experience and its interference with daily 

activities. All items begin with the stem of “In the past 7 days…” and inquire about such things 

as how often the participant feels tired, how often he/she runs out of energy, how often did their 

fatigue limit their work, and how often were they too tired to take a bath or shower. Participants 

respond using a 5-point Likert scale with answers ranging from ‘Never’ to ‘Always’. One item 

“How often did you have enough energy to exercise strenuously?” (Item 7) is reverse scored. In 

previous work this item has been criticized and recommended for deletion (Reeve et al., 2016). 

Items are summed and total possible scores range from 7 to 35, with higher scores indicating 

higher fatigue. 

In contrast, the 8a is a measure-oriented short form (Lai et al., 2011). The 8a is an eight-

item instrument that measures an individual’s fatigue experience and its interference with daily 

activities. Two items begin with the stem “During the past 7 days...” and six items being with the 

stem “In the past 7 days…”. All items inquire about such things as feeling fatigued, having 

trouble starting things because of being tired, to what degree fatigue interferes with physical 
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functioning, and how often the participant had to push him/herself to get things done because of 

fatigue. Participants respond using a 5-point Likert scale with answers ranging from ‘Not At All’ 

to ‘Very Much’. Item are summed and total possible scores range from 8 to 40, with higher 

scores indicating higher fatigue. Table 3 provides an overview of the items from each measure, 

none of which overlap. 

The PROMIS research group recommends that when working with an adult population 

where you want the most precise measure of fatigue, select the 8a. Items on the 8a allude to the 

severity of fatigue as a way to capture preciseness. Conversely, if working with an adult 

population where you expect huge variability in fatigue, usage of the 7a may be more appropriate 

(Patient-Reported Outcomes Measurement Information System, 2015). Items on the 7a appear to 

capture more variability in fatigue related to its different dimensions.  

Purpose 

There is a growing body of evidence of the 7a being used and its psychometric properties 

evaluated in a variety of populations including: osteoarthritis (Broderick et al., 2013), 

fibromyalgia (Ameringer et al., 2016), sickle cell disease (Ameringer et al., 2016), 

cardiometabolic risk (Ameringer et al., 2016), pregnancy (Ameringer et al., 2016), HIV (Gibbons 

et al., 2017), and heart transplant patients (Flynn et al., 2015). The 7a has high internal 

consistency across a variety of populations (α=.72 to .91) (Ameringer et al., 2016; Flynn et al., 

2015) and correlates strongly with a larger number of fatigue instruments including the Short 

Form 36 Vitality (r=-.75 to -.78) (Flynn et al., 2015), the Multidimensional Fatigue Symptom 

Inventory-Short Form (r=.70 to .85) and the Brief Fatigue Inventory (r=.60 to .85) (Ameringer et 

al., 2016) across populations and over time. Interestingly, the 7a also correlates strongly with 

single item fatigue measures contained within the Kansas City Cardiomyopathy Questionnaire 
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(r=-.57 to -.79, over time) (Flynn et al., 2015), the Patient Health Questionnaire-Nine (Spearman 

correlation=.75), and the HIV Symptom Index (Spearman correlation=.82) (Gibbons et al., 

2017). The 7a is also unidimensional in most populations (Ameringer et al., 2016) and has good 

test-retest reliability (Gibbons et al., 2017). Of studies in osteoarthritis, the 7a has been shown to 

be correlated to the PROMIS fatigue computer adaptive tests and is able to find differences in 

total fatigue scores based on osteoarthritis diagnosis, suggesting validity (Broderick et al., 2013). 

In comparison, we have been unable to locate research that evaluates the 8a’s psychometric 

properties, and its use to measure fatigue in osteoarthritis or other clinical populations. Thus, the 

purpose of this study was two-fold. First, we sought to test the reliability and validity of the 8a 

and compare it to the reliability and validity of the 7a to build the literature surrounding the 

psychometric properties of the 8a. Second, because fatigue in osteoarthritis is not well studied, 

but may be a significant contributor to decreased quality of life in affected adults, we sought to 

explore the validity and reliability of the 8a compared to the 7a in measuring fatigue in 

osteoarthritis. We hypothesize that both the 8a and the 7a will be valid and reliable measures of 

fatigue in osteoarthritis. 

Methods 

Study Design and Sample 

This is a secondary analysis of data from a descriptive study that explored the 

relationships between several biological factors, resilience, and physical activity in older adults 

with joint pain (Klinedinst et al., manuscript in development). Participants were eligible for the 

parent study if they spoke English, were 55 years of age or older, and responded ‘Yes’ when 

asked “Have you had joint pain within the last 7 days?” Participants were ineligible if they were 

unable to pass the evaluation to sign consent (Resnick et al., 2007) or were previously been told 
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by a physician that they had rheumatoid arthritis, gout, heart failure, chronic obstructive 

pulmonary disease, Parkinson’s disease, or Alzheimer’s disease. For this analysis the total 

sample of the parent study was used (N=31) though some participants (N=11) did not report a 

diagnosis of osteoarthritis. 

Measures 

Demographic information including age, gender, race, ethnicity, education level, 

employment status, marital status, number of people living in their household, medical history, 

and current medications was collected using a basic demographic form. Fatigue was measured 

using both the PROMIS Fatigue Short Form 8a and 7a as previously described. 

Statistical Analysis 

Using IBM Statistical Package for the Social Sciences Version 24, descriptive statistics 

were used to describe the total sample. Basic measurement analyses (e.g., independent samples t-

test for construct validity, Pearson r coefficient for parallel forms reliability, and Cronbach’s 

alpha for internal consistency) were used to compare PROMIS fatigue short forms in the total 

sample and in a subsample of participants with a self-reported diagnosis of osteoarthritis. Using 

the WINSTEPS statistical program for the total sample, a Rasch measurement model 

transformed raw item difficulties and raw person scores from the 8a and 7a to equal interval 

measures of logits on a line in a “meter stick”. The equal interval measures transformed by the 

Rasch model are used to map items of the 8a and 7a on an interval scale. Item mapping 

established if items on the measure comprehensively addressed the concept of fatigue and 

determined the difficulty of each item (Smith & Smith, 2004).  
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Validity Testing 

Unidimensionality was established using a principal components analysis of the residuals 

(Smith & Smith, 2004). Residuals from the first factor (a principal component of fatigue) were 

divided by the number of instrument items and the quotient is converted into a percentage that 

should be between 10 and 15% to indicate unidimensionality. Item fit of each measure is based 

on INFIT and OUTFIT statistics for each item in the measure. INFIT and OUTFIT scores were 

acceptable if they were between 0.5 and 1.5 (Smith & Smith, 2004). INFIT statistics are sensitive 

to unexpected behavior affecting responses to items near the persons’ ability level (e.g., a person 

answers one math question correct but gets the next one, of equal difficulty, incorrect). The 

OUTFIT statistic is outlier sensitive to unexpected observations by a person on items that are 

relatively very easy or very hard (e.g., a person gets the hard questions correct but an easy 

question wrong). An INFIT and OUTFIT value of less than 0.5 indicates there is too little 

variability or that an item is redundant. Likewise, a value greater than 1.5 indicates that the item 

does not define the same construct as the other items on the instrument, is ambiguously defined, 

poorly constructed or easily misunderstood (Linacre, 2004). Additional evidence for construct 

validity was based on support for our hypothesis that adults with osteoarthritis would have higher 

levels of fatigue on both short forms than those without osteoarthritis. An independent samples t-

test was used to test this hypothesis, with a p<.05 level of significance. 

Reliability Testing  

Reliability estimates were based on the person separation index, which indicates how 

efficiently a set of items is able to separate those persons measured (i.e., amount of fatigue). The 

person separation index is analogous to the traditional alpha coefficient, with ≥.70 considered 

adequate reliability (Smith & Smith, 2004). Whereas these statistics are expressed as reliabilities, 
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they range from 0.0 to 1.0. The higher the value, the better the separation exists and the more 

precise the measurement. In addition, reliability testing was also based on parallel forms. A 

Pearson r coefficient was used to test the following hypothesis: fatigue scores on the 8a would be 

significantly correlated with fatigue scores on the 7a, with a p<.05 level of significance. To 

further explore reliability of both instruments for measuring fatigue in adults with osteoarthritis 

(as opposed to self-reported joint pain), Cronbach’s alphas were computed and parallel forms 

reliability (Pearson r coefficient) were computed in the N=20 participants who self-reported a 

diagnosis of osteoarthritis.  

Results 

As shown in Table 2, the majority of the sample consisted of white females with an 

average age of 74 years (±11.6). Most participants had a post-graduate level of education, were 

retired, divorced or widowed, living in a small household (1-3 people), and taking between 1 to 5 

medications. Approximately two thirds had a self-reported diagnosis of osteoarthritis. 

Participants reported moderate levels of fatigue on both the 8a and 7a with mean scores of 16.5 

(±6.8) and 15.2 (±4.9), respectively. Table 3 provides an overview of mean scores and ranges for 

individual items on both measures. Generally, there were higher mean scores on the items of the 

8a when compared to the 7a.  

PROMIS Fatigue Short Form 8a  

Validity 

A principal components analysis of standardized residuals determined unidimensionality 

of the 8a. The unexplained variance in the first factor (a principal component of fatigue) was 

1.97, indicating that the first factor explained 25% of the residuals variance. Although this was 

slightly higher than the recommended 10-15% to establish unidimensionality (Smith & Smith, 
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2004), we proceeded with the Rasch analysis because the items were conceptually focused on 

fatigue and came from the central PROMIS item bank that was vetted by the PROMIS 

developers who had expertise in fatigue (Lai et al., 2011). 

As shown in Table 4, most INFIT statistics for the 8a were in an acceptable range from 

.50 (Item 4) to 1.41 (Item 1). One item had a single high INFIT statistics of 1.60 (Item 8: “In the 

past 7 days how often did you have trouble finishing things because of your fatigue?”). Six of the 

eight items had acceptable OUTFIT statistics, ranging from .53 (Item 4) to 1.26 (Item 8). Two 

items had high OUTFIT statistics of 1.68 (Item 1: “During the past 7 days I feel fatigued…”) and 

1.85 (Item 2: “During the past 7 days I have trouble starting things because I am tired…”). 

An independent samples t-test indicated there was a significant difference in 8a fatigue 

scores between individuals who reported a diagnosis of osteoarthritis (N=20) and those who do 

not (t29=-2.8, p=.01, N=11). The average 8a fatigue score for adults with osteoarthritis was 6.4 

points higher than scores of adults who do not have osteoarthritis.  

Reliability 

There was evidence of reliability of the 8a as indicated by a person separation index of 

2.64 and a reliability or alpha coefficient of .87 (comparable to a Cronbach’s alpha of .93). 

Parallel forms testing indicated the 8a correlated (r=.75) significantly with the 7a (p<.001). 

Item mapping (Table 4) provided information about the difficulty of the items and how 

well they spread across the concept of fatigue. The most difficult item to agree with was Item 6 

(“In the past 7 days to what degree did your fatigue interfere with your physical functioning?”) 

and the next most difficult item to agree with was Item 2 (“During the past 7 days I have trouble 

starting things because I am tired…”). Item mapping showed that 18 of the 31 participants (58%) 

had such low levels of fatigue that they could not be differentiated.  



 46 

Reliability by Osteoarthritis Diagnosis  

There was evidence of reliability of the 8a in osteoarthritis participants (N=20) as 

indicated by a Cronbach’s alpha of .93. Parallel forms testing indicated the 8a correlated (r=.72) 

significantly with the 7a (p<.001) in participants with self-reported osteoarthritis. 

PROMIS Fatigue Short Form 7a 

Validity 

A principal components analysis of standardized residuals determined unidimensionality 

of the 7a as well. Results indicate that the unexplained variance in the first factor (a principal 

component of fatigue) was 2.14 indicating that the first factor explained 14.8% of the residuals 

variance. This was within the recommended 10-15% to establish unidimensionality (Smith & 

Smith, 2004).  

As shown in Table 4, most 7a items had acceptable INFIT statistics, ranging from .54 

(Items 2 and 3) to 1.01 (Item 6). One item had a single high INFIT statistics of 2.77 (Item 7: “In 

the past 7 days how often did you have enough energy to exercise strenuously?”). Five items had 

acceptable OUTFIT statistics, ranging from .54 (Item 3) to .68 (Item 5). One item had a single 

low OUTFIT statistic of .49 (Item 2: “In the past 7 days how often did you experience extreme 

exhaustion?”). Two items had high OUTFIT statistics of 1.51 (Item 6: “In the past 7 days how 

often were you too tired to take a bath or shower?”) and 3.03 (Item 7: “In the past 7 days how 

often did you have enough energy to exercise strenuously?”). An independent samples t-test 

indicated there was no significant difference in 7a fatigue scores between individuals who have 

osteoarthritis (N=20) and those who do not (t29=-1.6, p=.12, N=11).  
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Reliability 

There was evidence of reliability of the 7a as indicated by a person separation index of 

3.41 and a reliability or alpha coefficient of .92 (comparable to a Cronbach’s alpha of .83). Item 

mapping (Table 4) provided information about the difficulty of the items and how well they 

spread across the concept of fatigue. The most difficult item to agree with was Item 6 (“In the 

past 7 days how often were you too tired to take a bath or shower?”) and the next most difficult 

item to agree with was Item 2 (“In the past 7 days how often did you experience extreme 

exhaustion?”). Item mapping showed that 13 of the 31 participants (42%) were so low in fatigue 

that they could not be differentiated.  

Reliability by Osteoarthritis Diagnosis 

There was evidence of reliability of the 7a in osteoarthritis participants (N=20) as 

indicated by a Cronbach’s alpha of .86. 

Discussion 

There is evidence to support the reliability and validity of both the 7a and 8a in older 

adults with self-reported joint pain. Compared to the high internal consistency of the 7a, the 8a 

also showed evidence of internal consistency with the equivalent of an alpha of .87. Moreover, 

parallel forms reliability indicated the 8a was significantly correlated with the 7a, suggesting it is 

also a reliable measure of fatigue. Interestingly, the 8a total scores were significantly different 

between those with and without osteoarthritis, supporting its validity and addressing our second 

aim exploring how the PROMIS fatigue short forms psychometric properties compare in 

measuring osteoarthritis fatigue. This finding was not found when testing differences in 7a total 

scores between those with and without osteoarthritis; a finding not consistent with previous work 

(Broderick et al., 2013). This difference in findings may be related to differences in sample. 
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Although both samples recruited participants with self-reported osteoarthritis, Broderick et al. 

(2013) recruited participants via the Internet who were at least 21 years of age. Conversely, our 

sample included participants recruited from the community who were at least middle aged (55 

years or older). It is possible that such a difference in sample characteristics between the two 

studies may have an influence on the outcomes. 

The results here also showed older adults with osteoarthritis have higher fatigue scores on 

the 8a, a trend consistent with the literature of osteoarthritis fatigue measured by other 

instruments (Murphy & Smith, 2010; Murphy et al., 2008; Hsieh et al., 2013). Given that an 

instrument must reliable in order to be valid, this suggests underlying reliability of the 8a when 

used to measure fatigue in osteoarthritis. This was confirmed by a strong Cronbach’s alpha. 

Although a strong Cronbach’s alpha was also found for the 7a, the measure did not find a notable 

difference in fatigue levels among adults with joint pain with and without self-reported diagnosis 

of osteoarthritis. Thus, it requires further validity testing in adults with painful osteoarthritis. 

With regard to validity, the majority of the 8a items fit the measurement model. When 

compared to the 7a, the 8a had fewer non-fitting items, further supporting its psychometric 

strengths. Of the 8a items with a poor fit, Item 8, “In the past 7 days how often did you have 

trouble finishing things because of your fatigue?” had high INFIT statistics. It is possible that 

participants confused Item 8 with Item 7 (“In the past 7 days how often did you have to push 

yourself to get things done because of your fatigue?”) because they are similar in scope. 

Likewise, Items 1 (“During the past 7 days I feel fatigued…”) and 2 (“During the past 7 days I 

have trouble starting things because I am tired…”) had high OUTFIT statistics. This suggests 

that the questions were too ambiguous and open to interpretation. The usage of “feel fatigued” 

(Item 1) versus “tired” (Item 2) could refer to general, physical, mental or emotional feelings of 
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fatigue or tiredness, thus answers will be significantly different across participants. Moreover, 

the usage of “tired” (Item 2) may have made the question unclear if related to sleep issues or 

feelings of fatigue. Future work should be done to test the 8a without these items or with the 

items re-worded.  

Conversely, on the 7a, Item 2, “In the past 7 days how often did you experience extreme 

exhaustion?” has a slightly lower OUTFIT statistic than recommended. OUTFIT statistics are 

less important than INFIT statistics and thus we recommend keeping Item 2 in the measure as it 

is an important description of fatigue. A similar trend is seen in the slightly high OUTFIT 

statistics of Item 6. Additionally, Item 7 had high INFIT and OUTFIT statistics. This suggests 

this item is likely not addressing the concept of fatigue and thus, does not perform the way one 

would expect, findings consistent with previous work (Reeve et al., 2016). It is more likely that 

Item 7 is addressing the emerging concept of fatigability. Fatigability is defined as “the change in 

feeling of tiredness as a function of the duration, intensity, or frequency of activity” or “the 

decline in performance as a function of the duration, intensity, and/or frequency of the activity” 

(National Institutes of Health, n.d., Section 1). Future work may want to consider removing the 

item. Revision of the item is always an option, but previous work found removal of Item 7, 

significantly increases the reliability of the 7a (Ameringer et al., 2016). 

Relevance to Nursing Practice & Research 

Both the 8a and 7a are reliable and valid measures of fatigue in self-reported joint pain 

that can be used in different settings including clinical research and healthcare delivery. Our 

findings suggest usage of either short form as a brief assessment of fatigue in older adults with 

joint pain. Because the 8a scores were significantly different based on osteoarthritis diagnosis 

and was found to be a valid and reliable instrument, while the 7a was reliable but not valid, the 
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8a may be a more useful fatigue assessment tool for patients with osteoarthritis. A benefit of 

using either PROMIS measure for fatigue evaluation in both research and clinical practice is that 

it is a standardized measure and allows for comparison of an individual’s outcome to the national 

average. However, given that our findings surrounding the validity of the 7a do not line up with 

evidence of its potential validity in previous work, it is important to further explore the use of the 

7a in a much larger osteoarthritis sample. 

Study Strengths and Limitations 

A strength of this study is its findings that contribute greatly to the lack of evidence 

regarding the psychometric properties of the 8a. The findings presented here suggest the 8a has 

comparability reliability and validity to the 7a, a more commonly used standardized measure, 

when used in a population of adults with self-reported joint pain. Additional findings discussed 

also support the use of the 8a in adults with a self-reported diagnosis of osteoarthritis. 

Ultimately, this study found that the 8a is a standardized measure of fatigue that was reliable and 

valid in at least two populations (self-reported joint pain and diagnosis of osteoarthritis) and is 

worth using in future research. 

However, important to note are several limitations, this study was limited by a small, 

homogenous sample of 31 older adults. Although a sample of 30 is generally large enough to 

begin to examine relationships, this small sample may bias our reliability findings and limite 

generalizability. Futher limiting external validity is that most participants were highly educated, 

white females, although this may represent a large portion of older adults with osteoarthritis. 

There is also concern about the reliability of participants self-reporting a diagnosis of 

osteoarthritis. However, research exploring the reliability of self-reported osteoarthritis diagnosis 

has found a strong relationship (k=.68) between self-reported diagnosis of osteoarthritis and 
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diagnosis confirmed by medical records (Cheng et al., 2000). More recent research has shown 

self-reported osteoarthritis to be reliable and valid for detecting symptoms when compared to the 

general population; specifically, pain was detected as significantly higher in the self-report group 

versus the general population. This suggests that self-reported joint pain and osteoarthritis is a 

valid representation of true osteoarthritis diagnosis (Broderick et al., 2013). Yet the location of 

the self-reported osteoarthritis was not accounted for which may have significant effects on 

fatigue levels. Additionally, this study did not account for the effect of fatigue related to 

comorbidities. However, eligibility for the parent study excluded several disease states known to 

be associated with high levels of fatigue (e.g., rheumatoid arthritis, congestive heart failure). 

Additionally, even if comorbidities were present, the literature supports a strong relationship 

between fatigue and osteoarthritis, thus we believe our findings would likely persist with or 

without accounting for comorbidities in a larger sample. For further evaluation of the 8a in 

osteoarthritis populations we recommend inclusion criteria include a physician diagnosis of 

osteoarthritis and other comorbidities to confirm our findings. Yet, despite the need for future 

research using the 8a across a large and diverse sample, these findings support the psychometric 

strengths of both measures and shed light on the potential of the 8a for measuring fatigue in 

osteoarthritis. 
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Table 2. Sample Characteristics (N=31)  

Variable M ±SD or N(%) 

Age 73.6 ±11.6 

Gender  

    Male 4 (12.9) 

    Female 27 (87.1) 

Race  

   White 25 (83.3) 

   Black 5 (16.7) 

Ethnicity  

   Not Hispanic/Latino 29 (96.7) 

   Hispanic/Latino 1 (3.3) 

Education  

   High School or Less 4 (12.9) 

   1-3 Years of College 2 (6.5) 

   4 Years of College 8 (25.8) 

   Post-Graduate 17 (54.8) 

Employment Status  

   Retired 20 (64.5) 

   Working 11 (35.5) 

Marital Status  

   Never Married 1 (3.2) 

   Divorced/Widowed 17 (54.8) 

   Married 13 (41.9) 

Household Size  

   1-3 27 (93.1) 

   6-8 2 (6.8) 

Number of Medications  

   0 3 (9.7) 

   1-5 14 (45.1) 

   6-9 8 (25.9) 

   10+ 6 (19.3) 

Osteoarthritis Diagnosis  

   Yes 20 (64.5) 

   No 11 (35.5) 

Fatigue   

   PROMIS Fatigue Short Form 8a* 16.5 ±6.8 

   PROMIS Fatigue Short Form 7a* 15.2 ±4.9 

Note: Numbers may not equal 31 due to missing data. *Possible range of the 8a total scores=8 to 

40, Possible range of the 7a total scores=7 to 35. 
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Table 3. Mean Scores & Ranges for Individual Measure Items   

 M ±SD Range 

PROMIS Fatigue Short Form 8a (5-point Likert Scale from ‘Not At All’ to ‘Very Much’) 

1. During the past 7 days I feel fatigued… 2.58 

±1.18 

1-5 

2. During the past 7 days I have trouble starting things because I am 

tired… 

1.77 ±.85 1-3 

3. In the past 7 days how run-down did you feel on average? 2.13 ±.91 1-5 

4. In the past 7 days how fatigued were you on average? 2.06 

±1.24 

1-5 

5. In the past 7 days how much were you bothered by your fatigue on 

average? 

2.06 

±1.24 

1-5 

6. In the past 7 days to what degree did your fatigue interfere with your 

physical functioning? 

1.65 ±.84 1-4 

7. In the past 7 days how often did you have to push yourself to get 

things done because of your fatigue? 

2.35 

±1.08 

1-5 

8. In the past 7 days how often did you have trouble finishing things 

because of your fatigue? 

1.84 

±1.10 

1-5 

PROMIS Fatigue Short Form 7a (5-point Likert scale from ‘Never’ to ‘Always’)  

1. In the past 7 days how often did you feel tired? 2.84 ±.97 1-5 

2. In the past 7 days how often did you experience extreme exhaustion? 1.71 ±.82 1-4 

3. In the past 7 days how often did you run out of energy? 2.32 

±1.01 

1-5 

4. In the past 7 days how often did your fatigue limit you at work 

(include work at home)? 

1.81 

±1.01 

1-5 

5. In the past 7 days how often were you too tired to think clearly? 1.81 ±.95 1-5 

6. In the past 7 days how often were you too tired to take a bath or 

shower? 

1.35 ±.75 1-4 

7. In the past 7 days how often did you have enough energy to exercise 

strenuously? 

3.35 

±1.31 

1-5 
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Table 4. Rasch Model Testing Fit Statistics 

 INFIT 

Statistics  

MNSQ 

(ZSTD) 

OUTFIT 

Statistics 

MNSQ 

(ZSTD) 

Item 

Mappinga 

PROMIS Fatigue Short Form 8a (5 point Likert scale from ‘Not at all’ to ‘Very much’) 

1. During the past 7 days I feel fatigued… 1.41 (1.5) 1.68 (2.2) 1 

2. During the past 7 days I have trouble starting 

things because I am tired… 

1.09 (.4) 1.85 (1.9) 6 

3. In the past 7 days how run-down did you feel on 

average? 

.62 (-1.5) .59 (-1.6) 3 

4. In the past 7 days how fatigued were you on 

average? 

.50 (-2.1) .53 (-1.9) 3 

5. In the past 7 days how much were you bothered 

by your fatigue on average? 

.95 (-.1) .79 (-.7) 4 

6. In the past 7 days to what degree did your 

fatigue interfere with your physical functioning? 

1.06 (.3) .83 (-.2) 7 

7. In the past 7 days how often did you have to 

push yourself to get things done because of your 

fatigue? 

.68 (-1.3) .73 (-1.0) 2 

8. In the past 7 days how often did you have 

trouble finishing things because of your fatigue? 

1.60 (1.9) 1.26 (.8) 5 

PROMIS Fatigue Short Form 7a (5 point Likert scale from ‘Never’ to ‘Always’) 

1. In the past 7 days how often did you feel tired? .58 (-1.9) .60 (-1.7) 1 

2. In the past 7 days how often did you experience 

extreme exhaustion? 

.54 (-2.0) .49 (-2.0) 5 

3. In the past 7 days how often did you run out of 

energy? 

.54 (-2.2) .54 (-2.2) 3 

4. In the past 7 days how often did your fatigue 

limit you at work (include work at home)? 

.68 (-1.3) .61 (-1.6) 4 

5. In the past 7 days how often were you too tired 

to think clearly? 

.70 (-1.2) .68 (-1.2) 4 

6. In the past 7 days how often were you too tired 

to take a bath or shower? 

1.01 (.2) 1.51 (1.2) 6 

7. In the past 7 days how often did you have 

enough energy to exercise strenuously? 

2.77 (4.9) 3.03 (5.4) 2 

Note: Abbreviations: MNSQ, mean-square fit statistics, ZSTD, standardized z-score  
a1 is the least difficult item to answer correctly with higher numbers indicating more difficulty. 



1Alisha Hackney, N. Jennifer Klinedinst, Cynthia Renn, Meg Johantgen. In preparation for submission. 
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Chapter 4: Relationship of Systemic Inflammation and Fatigue in Osteoarthritis1 

Introduction 

Osteoarthritis is a leading cause of disability in the United States (Centers for Disease 

Control and Prevention, 2013) and is associated with symptoms of pain, joint stiffness, 

functional impairment, and fatigue (Wyatt et al., 2014). Of particular interest is fatigue in 

osteoarthritis, because unlike other symptoms it is not routinely evaluated (Power et al., 2008). 

Yet mounting evidence shows it is a significant contributor to disability in osteoarthritis (Novaes 

et al., 2011). Upwards of 58 to 90% of adults with osteoarthritis report some level of fatigue 

(Cross et al., 2008; Wolfe et al., 1996). Almost 71% of adults with osteoarthritis report mild or 

greater levels of fatigue (Wolfe et al., 1996), while other evidence shows 35 to 41% of adults 

with osteoarthritis experience severe or clinically significant fatigue (Overman et al., 2016; 

Wolfe et al., 1996).  

Despite the obvious burden of osteoarthritis fatigue, its mechanism is unknown and 

subsequently, the treatment options are scarce. Current clinical guidelines, endorsed by the 

Agency for Healthcare Research and Quality, for management of osteoarthritis fail to mention 

treatment for fatigue (National Clinical Guideline Centre, 2014). Moreover, the Arthritis 

Foundation only makes recommendations for treatment of underlying fatigue when causes are 

known (i.e., anemia, malnutrition), but makes few recommendations for treating generalized 

fatigue with an unknown cause (Arthritis Foundation, n.d.-b). Until clinicians have a better 

understanding of the mechanisms of generalized fatigue in osteoarthritis, treatment options 

remain limited. 

Recognizing the poor mechanistic insight into this phenomenon, the Biobehavioral 

Model of Osteoarthritis Fatigue (Figure 1) suggests that a variety of correlates are associated 
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with fatigue in osteoarthritis (Hackney, Klinedinst, Resnick, Renn, & Fiskum, 2018, manuscript 

under review). These correlates include: individual factors like age (Hawker et al., 2011; Kratz et 

al., 2013), gender (Botterman et al., 2016; Cross et al., 2008), comorbidities (Botterman et al., 

2016; Zullig et al., 2015), and medications (Power et al., 2008), psychosocial and disease 

specific factors like depression and pain (Carlesso et al., 2016; Castrejon et al., 2016; Power et 

al., 2008; Smith & Parmelee, 2016), and behavioral factors like sleep quality (Taylor-Gjevre et 

al., 2011), physical activity (Murphy et al., 2012) and physical function (Carlesso et al., 2016; 

Schepens et al., 2012). Several psychosocial and disease specific factors like anxiety and disease 

severity may also play a role but evidence surrounding their relationship to osteoarthritis fatigue 

is mixed. In addition, biologic factors such as systemic inflammation may play an important role 

in osteoarthritis fatigue (Hackney, Klinedinst, Resnick, Renn, & Fiskum, 2018, manuscript under 

review). 

In other diseases processes like chronic fatigue syndrome (Morris et al., 2015), cancer 

(Wood et al., 2006), type 2 diabetes mellitus (Lasselin et al., 2012), and multiple sclerosis 

(Swain, 2000) researchers have begun to elucidate the role systemic inflammation plays in 

fatigue symptoms. For instance, adults with chronic disease, like chronic fatigue syndrome and 

type 2 diabetes mellitus have higher levels of systemic inflammatory markers which are 

associated with increased fatigue (Lasselin et al., 2012; Neu et al., 2014). Increased blood levels 

of interleukin 6 (IL-6) and c-reactive protein (CRP) in particular are associated with increased 

fatigue both in cross-sectional studies and over time (Lasselin et al., 2012; Xiao et al., 2016). In 

cancer patients, the systemic inflammation and fatigue relationship was consistent even after 

accounting for the effect of age, gender, body mass index, cancer treatment regimen, and 

antidepressant use (Xiao et al., 2016). Similar patterns are also found in healthy individuals. An 
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older double blind cross-over study showed that when healthy male subjects are given injections 

of IL-6 they exhibit symptoms resembling fatigue (e.g., feeling more tired, inactive, and less 

capable of concentrating) (Späth-Schwalbe et al., 1998). While such findings do not negate the 

effects of individual, psychosocial, disease specific or behavioral factors on fatigue, it does 

strongly suggest a biological component may exist in osteoarthritis fatigue that warrants 

exploration. 

 Recent evidence has emerged suggesting osteoarthritis is a low-grade systemic 

inflammatory disease (Liu-Bryan & Terkeltaub, 2015; Robinson et al., 2016). More specifically, 

the pathologic changes that occur in osteoarthritis joints involve cellular and molecular processes 

that stimulate both local and systemic inflammation (Robinson et al., 2016). For instance, in the 

synovial fluid, inflammatory markers (e.g., IL-1 and 6) from the fibroblasts and damaged 

chondrocytes  perpetuate joint inflammation and also cross the synovial membrane to stimulate 

hepatocyte production of systemic inflammatory markers like CRP (Hosnijeh et al., 2016; Pearle 

et al., 2007). This systemic inflammatory process results in molecular changes that adversely 

affect cell function, including cellular energy production that results in subjective feelings of 

fatigue (Myhill, Booth, & McLaren-Howard, 2009). Thus, it is possible that the understudied 

symptom of fatigue in osteoarthritis may have a significant relationship with underlying systemic 

inflammatory pathways. Currently only two studies have attempted to explore a relationship 

between fatigue and inflammation in osteoarthritis.  

 The more recent was a cross-sectional study conducted by Castrejon et al. (2016). The 

study characterized associations of fatigue with components of a multidimensional health 

assessment questionnaire and the RheuMetric checklist in adults with different rheumatic 

diseases, including 199 participants with osteoarthritis. The RheuMetric checklist included a 
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physician evaluation of local joint inflammation using a single item visual analog scale as a 

proxy measure of inflammation. Adults with osteoarthritis had comparable fatigue levels to 

adults with rheumatoid arthritis and systemic lupus erythematous. However, there was no 

evidence for an association between local inflammation and fatigue in osteoarthritis. This may 

have resulted from the indirect measure of inflammation used (Castrejon et al., 2016) that did not 

measure systemic inflammation. Blood inflammatory markers are more precise markers of 

systemic inflammation and would better characterize the true relationship between inflammation 

and fatigue in osteoarthritis. 

 Stebbings et al. (2010) examined correlates of fatigue among individuals with rheumatoid 

and osteoarthritis. Adults with radiographic evidence of knee and/or hip osteoarthritis (N=103) 

were recruited from a primary assessment clinic where they were undergoing evaluation for joint 

replacement. Blood was used to measure systemic inflammation. CRP was a significant negative 

predictor of osteoarthritis fatigue. With every one mg/L increase in CRP there was a unit 

decrease in fatigue in adults with osteoarthritis. Stebbings et al. (2010) had difficulty 

conceptualizing why higher CRP was associated with lower fatigue in osteoarthritis, and decided 

that because the mean value of CRP in adults with osteoarthritis was approaching the assay’s 

lower limits of detection (4.0 mg/L) their results were not clinically significant. 

Purpose 

Given the evidence that systemic inflammation may be associated with fatigue in chronic 

disease, additional study is needed to elucidate the relationship between systemic inflammation 

and osteoarthritis fatigue. Such findings may shed additional light on correlates of osteoarthritis 

fatigue and potential mechanistic pathways that will be useful for intervention development. 

Thus, the purpose of this study was to explore the relationship between systemic inflammation 
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and symptoms of fatigue in adults with osteoarthritis while controlling for several individual, 

psychosocial, disease specific, and behavioral correlates of fatigue as guided by the 

Biobehavioral Model of Osteoarthritis Fatigue (Figure 1; Hackney, Klinedinst, Resnick, Renn, & 

Fiskum, 2018, manuscript under review). It was hypothesized that elevated CRP and white blood 

cell counts (markers of systemic inflammation) will result in increased odds of fatigue in adults 

with osteoarthritis, when controlling for age, pain, depressive symptoms, sleep quantity and 

quality, and body mass index.  

Methods 

Study Design and Sample 

 This study analyzed cross-sectional data from the National Health and Nutrition 

Examination Survey (NHANES). The NHANES is an annual survey that assesses the health and 

nutritional status of over 5,000 non-institutionalized, civilian adults and children in the United 

States. NHANES uses a multi-stage, probability sampling design and oversamples subgroups to 

ensure reliable estimates that are generalizable. To account for the complex survey design (i.e., 

oversampling, survey non-response, post-stratification), sample weights are provided and used in 

analyses to create a population representative of non-institutionalized United States civilians  

(National Center for Health Statistics, 2018). For this study, we used 2007 to 2010 NHANES 

data because it contained the most recent laboratory data with systemic inflammatory markers.  

 Participants who were 18 years of age or older, self-reported a diagnosis of osteoarthritis, 

and participated in both a health interview and a session in the mobile examination center were 

included in the sampling frame (Figure 2). Because of associations with fatigue or systemic 

inflammation participants with the following comorbidities were excluded: gout, stroke, 

coronary artery disease, congestive heart failure, heart attack, angina or angina pectoris, cancer, 
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weak or failing kidneys, emphysema, reports of flu, pneumonia, ear infection, head or chest cold, 

or stomach or intestinal illness within the last 30 days, diabetes or pre-diabetes, thyroid 

problems, chronic bronchitis, and liver problems. This resulted in data available for 307 eligible 

participants, of which 11 participants were excluded because they did not participate in the 

mobile examination center session. The final sample (Figure 2) consisted of 296 participants: 

152 from 2007 to 2008 and 144 from 2009 to 2010. Given that this study is a secondary data 

analysis using publically available de-identified data, the University of Maryland Baltimore 

Institutional Review Board considered this study non-human subjects research. 

Measures  

 Survey data was self-reported by participants during a health interview. Physical 

examination and laboratory data were collected during a physical exam in the mobile 

examination center. Detailed blood specimen collection and processing instructions are discussed 

in the NHANES Laboratory/Medical Technologists Procedures Manual (National Center for 

Health Statistics, n.d.-a, n.d.-b). A more thorough review of the measures can be found in 

Appendix B. 

Demographic Characteristics 

Age was measured in years and individuals older than 80 were recoded as 80 years. 

Gender was as male or female. Race and ethnicity was coded as white (‘non-Hispanic white’) 

and not white (i.e., ‘Mexican American’, ‘non-Hispanic black’, or ‘other Hispanic/Race 

including multi-racial’). Education was coded as college education (i.e., ‘some college or 

associates degree’ or ‘college graduate or above’) or no college education (i.e., ‘less than 9th 

grade’, ‘9 to 11th grade (including 12th grade with no diploma)’ or ‘high school graduate or 
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GED/equivalent’). Marital status was coded as married or not married (i.e., ‘widowed’, 

‘divorced or separated’, ‘never married’, or ‘cohabitating’). 

Covariates 

NHANES collected data on depressive symptoms using the Patient Health 

Questionnaire Nine (PHQ-9). For this analysis we removed three items from the PHQ-9 that 

refer to somatic symptoms (see Appendix B) because they may falsely identify depression in 

people with chronic health conditions (Nan et al., 2012). Total PHQ-6 responses were computed 

with possible scores ranging from 0 to 18, higher scores indicating increased number of 

depressive symptoms. The PHQ-6 had a Cronbach’s alpha of .83 indicating internal reliability, 

consistent with previous work (Nan et al., 2012). 

Participants were asked about the presence of common medical conditions, including 

hypertension, high cholesterol, asthma, sleep disorder, and kidney stones. For hypertension and 

high cholesterol, participants were asked about prescription medication usage. Pain was 

measured with regard to the number of days in the past 30 days in which pain interfered with 

daily activities. Responses ranged from 0 to 30 days, with higher numbers indicating more days 

affected by pain. 

 Quantity of sleep was measured and responses were whole numbers, beginning with 0, 

with a maximum of 12 (indicating 12+ hours of sleep). Based on Centers for Disease Control and 

Prevention’s recommendations for how much sleep an adult requires, quantity of sleep on 

weeknights was coded as sleeping 7 or more hours per week night or not sleeping 7 or more 

hours per week night (i.e.,  ≤6 hours) (Centers for Disease Control and Prevention, 2017). 

Number of sleep disturbances was measured and responses were whole numbers beginning with 

0 and a maximum of 5 (indicating 5+ sleep disturbances). 
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 Physical activity was measured using the Global Physical Activity Questionnaire 

(GPAQ). The GPAQ collects information on an individuals’ weekly sedentary activity, as well 

as vigorous- and moderate-intensity physical activity at work, during transport, and when 

participating in recreational activities (National Center for Health Statistics, 2011b, 2017). The 

total time (in minutes) a participant engaged in vigorous-intensity activity over a week was 

calculated. The same method was used to calculate total time (in minutes) spent in moderate-

intensity activity over a week. Using total minutes spent in moderate and vigorous-intensity 

physical activity over a week, participants were categorized into variables of low, moderate, or 

high physical activity per current guidelines (See Appendix B) (United States Department Health 

and Human Services, 2008).  

 Physical function was measured using 20 items that assess functional limitations related 

to long-term physical, mental, and emotional problems or illnesses (National Center for Health 

Statistics, 2009c, 2011c). The items were categorized into five functional groups (see Appendix 

B) as previously published (Chen & Guo, 2008; Kalyani, Saudek, Brancati, & Selvin, 2010). 

Total possible scores for each subscale is as follows: lower extremity mobility 0 to 6, general 

physical activity 0 to 24, activities of daily living 0 to 12, instrumental activities of daily living 0 

to 9, and leisure and social activities 0 to 9, with higher scores indicating more difficulty. The 

following Cronbach’s alphas indicated good internal consistency across the physical function 

subscales: lower extremity mobility .68, general physical activity .85, activities of daily living 

.74, instrumental activities of daily living .78, and leisure and social activities .81. 

Markers of systemic inflammation included blood CRP (mg/dL) and white blood cell 

(WBC) counts (1000 cells/uL). CRP was quantified by latex-enhanced nephelometry. In normal 

healthy adults, CRP ranges from 0 to 1.0 mg/dL, with the lowest reportable CRP result of .02 
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mg/dL (National Center for Health Statistics, 2009a, 2011a). WBC counts were calculated from 

a complete blood count (CBC) using the Beckman Coulter method of counting and sizing, in 

combination with an automatic diluting and mixing device for sample processing, and a single 

beam photometer for hemoglobinometry (National Center for Health Statistics, 2009b, 2012). 

Normal WBC counts range between 5,000 and 10,000 cells/uL for males and 4,500 to 11,000 

cells/uL for females (Leukemia and Lymphoma Society, n.d.). Potential anemia was accounted 

for with hemoglobin levels collected with the CBC. Normal hemoglobin is between 14 and 18 

g/dL for males and between 12 and 16 g/dL for females (Billett, 1990). Body mass index was 

calculated as kilograms divided by meters squared (kg/m2). 

Outcome 

 Fatigue was measured using one of the somatic questions removed from the PHQ-9. The 

4 point Likert item asked: “Over the last 2 weeks, how often have you been bothered by the 

following problems: feeling tired or having little energy?” Responses were coded into ‘Not 

Fatigued’ (‘Not At All’) and ‘Fatigued’ (‘Several Days’, ‘More than Half the Days’, or ‘Nearly 

Every Day’). 

Statistical Analysis  

Analyses were conducted in 2018 in IBM Statistical Package for the Social Sciences 

(SPSS) Version 24 using complex sample analyses, unless otherwise stated, with NHANES 

sampling statistical strata, clusters, and weights as described in the NHANES methodology 

handbook. Because multiple survey years were combined (2007 to 2008 and 2009 to 2010) 

sample weights were constructed before beginning analyses, per NHANES guidelines, allowing 

for comparisons between survey years (National Center for Health Statistics, 2013). The goal 

was to construct rescaled weights so that the sum of the weights matches the survey population at 
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the midpoint of that period. Thus, the results are unbiased and generalizable to the United States 

population.  

Frequencies, percentages, and means were used to describe the prevalence of 

osteoarthritis, osteoarthritis fatigue, and its associated demographic and clinical characteristics. 

All participant responses recorded as ‘Unknown’, ‘Refused’, or ‘Don’t Know’ were considered 

missing and unless otherwise noted, categorical variables were dummy coded with ‘No’ as the 

referent group. Pearson correlations were conducted to examine bivariate associations without 

weights for an estimate of relationships and to account for potential multicollinearity in 

regression models (see Appendix C for correlation matrix). An independent samples t-test and 

chi-square test of independence were conducted to explore differences between fatigued and 

non-fatigued participants with osteoarthritis. A series of unadjusted logistic regressions were 

performed to assess the individual contributions of systemic inflammation, demographic 

characteristics, depressive symptoms, pain, body mass index, medications and comorbidities, 

sleep quantity and disturbance, physical activity levels, and physical function subscales on 

fatigue. Variables significantly associated with unadjusted odds of fatigue at the p<.05 level were 

evaluated in final adjusted logistic models. A series of adjusted logistic regression was used to 

generate predictive models of odds of fatigue for each systemic inflammatory marker 

independently and combined. Although logistic regression does not make assumptions 

concerning distributions of independent variables, to ensure a better fitting model BMI values 

>30 were winsorized to 30. 
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Results 

Sample Characteristics and Demographics 

Characteristics and demographics for the sample are presented in Table 5. A total of 296 

participants were included in this study, representing 6,219,201 adult Americans with 

osteoarthritis between 2007 and 2010. Almost half (49.1%) reported feeling fatigued. A majority 

of participants were non-Hispanic White females with an average age of 57.6 years, while half 

were between the ages of 45 and 64. Most participants had a high school or higher education 

(85.2%), were married (66.6%), and were relatively healthy with only 37 to 48% reporting a 

diagnosis of hypertension or high cholesterol, which a large majority took prescription 

medications for. Participants reported that pain affected their usual activities about 6 days each 

month. They had low depressive symptoms (M=1.20, SE=.15), and most (63%) slept 7 or more 

hours each week night with approximately one sleep disturbance (M=1.11, SE=.07). A little 

under half (47.2%) participate in high physical activity and report most difficulty with general 

physical and leisure and social activities. Despite being highly physically active, on average 

participants were overweight (M BMI=26.83 kg/m2, SE=.22). CRP levels ranged from .01 to 

7.30 mg/dL with a mean of .37 mg/dL (SE=.04). WBC count ranged from 3,000 to 16,300 

cells/uL with an average of 7,150 cells/uL (SE=.17). Finally, hemoglobin levels ranged from 

10.30 to 17.60 g/dL with a mean of 14.28 g/dL (SE=.11). 

Differences between Fatigued and Non-Fatigued Participants 

Table 6 provides differences in sample and demographic characteristics between fatigued 

(N=134) and non-fatigued (N=135) participants with osteoarthritis. Fatigued participants were 

younger, reported more number of days affected by pain, and had higher depressive symptoms 

compared to non-fatigued participants. Fatigued individuals were less likely to obtain 7 or more 
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hours of sleep each week night. Those who were fatigued also self-reported more difficulty with 

general physical activities, activities of daily living, instrumental activities of daily living, and 

leisure and social activities. Statistically significant higher CRP levels and WBC count were 

noted in fatigued participants compared to non-fatigued counterparts.  

Unadjusted Models 

Unadjusted logistic regression models (Table 7) found CRP, WBC count, age, pain, 

depressive symptoms, obtaining 7 or more hours of sleep each night during the week, and 

difficulty with lower extremity mobility, general physical activities, activities of daily living, and 

instrumental activities of daily living, were predictive of odds of fatigue in osteoarthritis. CRP 

had the highest odds ratio, indicating every 1 mg/dL increase in CRP results in a 4.51 times 

higher odds of fatigue in osteoarthritis. Sleeping 7 or more hours on week nights had the lowest 

odds of fatigue, suggesting those who obtain good sleep quantity during the week have a .63 

times lower odds of fatigue. 

Adjusted Models 

The best fitting logistic regression models were computed to explore relationships 

between markers of systemic inflammation and osteoarthritis fatigue, while adjusting for 

covariates (Table 8). Covariates were chosen based on significance in unadjusted logistic 

regression models or strong theoretical rationale for contributing to fatigue or altering the 

relationship between systemic inflammation and fatigue. Model 1, the CRP model, was 

statistically significant (Wald F[7,22]=8.37, p<.001), explaining 30% of the variance in fatigue 

and correctly identifying 75% of participant’s fatigue grouping. CRP, age, pain, depressive 

symptoms, and sleeping 7 or more hours each week night were significant predictors of odds of 

fatigue. CRP had the highest odds ratio; the odds of reporting fatigue is 3.19 times higher with 
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every 1 mg/dL increase in CRP. The odds of reporting fatigue is 1.64 times higher with every 

one unit increase in depressive symptom (PHQ-6) scores. Although likely not clinically 

meaningful given the large sample size, there is a 1.07 times higher odds of fatigue with every 

one day increase in days that pain affects usual activities; with every one year increase in age, the 

odds of reporting fatigue is 3% less likely. Participants who sleep 7 or more hours on week 

nights are 60% less likely to report being fatigued. No moderating effects were found between 

CRP and variables in the model (data not shown). 

Model 2, the WBC count model, was also statistically significant (Wald F[7,23]=8.55, 

p<.001), explaining 28% of variance in fatigue and correctly identifying 77% of participant’s 

fatigue grouping. Pain, depressive symptoms, sleeping 7 or more hours on week nights, and body 

mass index were significant predictors of odds of fatigue. Depressive symptoms had the highest 

odds ratio, with every one unit increase in depressive symptom (PHQ-6) scores the odds of 

fatigue was 1.62 times higher. Participants who sleep 7 or more hours on week nights are about 

60% less likely to report being fatigue. There is a 1.08 and 1.06 times higher odds of fatigue with 

every one day increase in days pain affects usual activities and with 1 kg/m2 increase in body 

mass index, respectively. There was no moderation found between WBC count and variables in 

the model (data not shown). Moreover, when both CRP and WBC count were included in the 

model, neither were significant. 

Discussion 

In the present study, we showed that almost half of adult Americans with osteoarthritis 

report feeling fatigued, an outcome that is similar to findings of research that found 58% of 

adults with osteoarthritis report some level of fatigue (Cross et al., 2008). We also showed that 

when compared to non-fatigued counterparts, adults with osteoarthritis fatigue were younger, 
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affected more by pain, had higher depressive symptoms, and were more likely to sleep ≤6 hours 

each week night. Additionally, fatigued adults with osteoarthritis had significantly more trouble 

with general physical activities (e.g., stooping, crouching, or kneeling), activities of daily living 

(e.g., getting in or out of bed, eating or drinking), instrumental activities of daily living (e.g., 

preparing meals, managing money), and leisure and social activities (e.g., going out shopping or 

to movies, visiting friends, attending clubs or parties). Given that our total sample was generally 

healthy, these findings support the previously drawn conclusion that fatigue in osteoarthritis is 

not only prevalent, but associated with increased symptom burden and decreased quality of life 

(Power et al., 2008; Stebbings et al., 2010; Wolfe et al., 1996). 

 In further analysis we found that fatigued adults with osteoarthritis exhibit higher 

systemic inflammatory CRP levels and WBC counts compared to non-fatigued adults. In a 

correlation matrix, CRP and WBC count, independently, had moderate positive associations with 

fatigue. This trend is consistent with relationships between systemic inflammation and fatigue in 

other chronic disease (Lasselin et al., 2012; Neu et al., 2014; Späth-Schwalbe et al., 1998). When 

other covariates of fatigue were included in logistic models, our findings supported our initial 

hypothesis that higher systemic inflammation predicts higher odds of fatigue in osteoarthritis. 

However, this was only true for higher CRP levels in both unadjusted and adjusted models. 

WBC count as a predictor of odds of fatigue was not significant independently or with CRP in 

the model. Although previous work has used WBC count as a marker of systemic inflammation 

(Valentine et al., 2011), it is a non-specific marker that may not be ideal for measuring systemic 

inflammation given the larger number of other inflammatory markers that exist.  

Consistent with previous work (Stebbings et al., 2010), the results also show that higher 

depressive symptoms is a significant predictor of higher odds of fatigue in osteoarthritis in both 
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unadjusted and adjusted models. In the unadjusted model, depressive symptoms had the largest 

r2, explaining 16% of the variance in odds of osteoarthritis fatigue. In adjusted model 1, after 

CRP, depressive symptoms had the highest odds ratio. While in adjusted model 2, depressive 

symptoms was the largest predictor of odds of fatigue. Future studies should further explore the 

association of depression and osteoarthritis fatigue, especially given that previous evidence 

shows when adjusting for pain, depression is not a significant predictor of osteoarthritis fatigue 

(Zautra et al., 2007), a result not found here. Important to note is that in this analysis, depression 

was measured using the PHQ-6 to avoid overlap of fatigue measurement. But, other depression 

measures should be evaluated to explore and test the depression-fatigue relationship in 

osteoarthritis when accounting for other variables including systemic inflammation and pain. 

While age is a significant predictors of osteoarthritis fatigue in model 1, its confidence 

intervals borders 1.00, indicating it almost has no effect on odds of fatigue. While we cannot 

fully explain the borderline significance of age in predicting odds of fatigue, there is inconsistent 

literature surrounding whether this relationship truly exists in adults with osteoarthritis. Some 

research suggests a positive association between age and some dimension of fatigue (Hawker et 

al., 2011; Kratz et al., 2013; Stebbings et al., 2010), while findings show a negative association 

(Castrejon et al., 2016). Given that our fatigue variable was dichotomous, it is possible that a 

more ordinal or scale level of fatigue would show a different relationship with age in 

osteoarthritis. Moreover, it is interesting that in an unadjusted model pain explained the second 

highest variance in odds of fatigue scores (R2=12%, see Table 7), yet it was not a more 

significant predictor of odds of fatigue in either adjusted models. While this may allude to the 

underlying mechanism of osteoarthritis fatigue, this finding may also be due to the poor 

measurement of pain. Continued research with robust measurements would be ideal for teasing 
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out this relationship.  

 We attempted to explore the potential indirect relationships of systemic inflammation and 

all variables in the corresponding models on fatigue outcomes. Interestingly, when interaction 

terms were placed in any of the adjusted logistic regression models, no moderation effects on the 

relationship between systemic inflammation and fatigue were found. This may have been 

because our models were over specified, yet this was especially surprising given that factors like 

age, female gender, body mass index or adiposity (Stürmer et al., 2004; Valentine et al., 2011), 

and physical activity (Valentine et al., 2011) have been previously reported as influencers of 

systemic inflammation (Serra et al., 2017). Moreover, age, female gender, and physical activity 

have been recognized as having a relationship with fatigue in osteoarthritis (Botterman et al., 

2016; Hawker et al., 2011; Kratz et al., 2013; Murphy et al., 2012; Stebbings et al., 2010; Wolfe 

et al., 1996). It is important to note that some of these variables (age, female gender, body mass 

index, physical activity, along with sleep disturbance and sleeping 7 or more hours each week 

night) were not significantly correlated with CRP or WBC count in our analysis (see Appendix 

C). These outcomes support an independent and direct effect of systemic inflammation, namely 

CRP, on fatigue. Moreover, mediation was not explored because of the lack of temporality 

amongst a majority of the variables. Given the lack of autonomy with the design and measures in 

this dataset, further longitudinal research with robust measures could aim to explore this more. 

Study Strengths and Limitations 

One of the strengths of this study is the use of the NHANES dataset. The NHANES 

recruitment method is especially unique because participants were recruited from the general 

population, perhaps representing individuals who are not normally included in osteoarthritis 

research. Most research in osteoarthritis recruits participants from doctors’ offices and various 
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clinical sites, suggesting these participants have a high disease burden. On the other hand, our 

sample from the NHANES dataset may represent a portion of adults with osteoarthritis who are 

recruited from home and likely have a low disease burden. Our findings support this possibility 

as a large percentage of participants who engage in high physical activity, have low physical 

function difficulty, are not often affected by pain, have relatively low depressive symptoms, and 

tend to sleep 7 or more hours each week night. Yet, it is interesting that our findings show almost 

half our participants have fatigue, and it has a positive relationship with systemic inflammation. 

Because the NHANES is nationally representative, our findings may indicate that fatigue exists 

in a large majority of individuals with osteoarthritis living in the community, and may be related 

to systemic inflammation. It is expected that these findings would only be strengthened in a 

sample of participants with osteoarthritis who are recruited from clinical sites and likely have a 

higher symptom burden. 

Although the findings of this study are novel and there is ingenuity in the usage of 

secondary data, it is not without limitations. First, even though this is a nationally representative 

sample, the strict exclusion criteria reduced the study sample by 72% perhaps introducing bias in 

interpretation and application in the results, as it may represent only a subset of the national 

sample. Second, the cross-sectional nature of this study hinders the ability to draw conclusions 

and identify causality. We cannot say with certainty which variables cause the course and impact 

of fatigue. Thus, it is impossible and unwise to assume pain, depression, poor sleep, or systemic 

inflammation preceded fatigue in this sample. Yet, our findings provide direction for future 

longitudinal research in this area. Third, as with all secondary analyses, the items available may 

not be ideal for addressing the present research question. For instance, although CRP or WBC 

count have been used as markers of systemic inflammation in other research (Ford, 2002; 
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Valentine et al., 2011), there are a plethora of other pro and anti-inflammatory markers that have 

been studied in relation to symptoms of fatigue. But they were not available for this analysis. 

While we found CRP was associated with higher odds of fatigue in osteoarthritis and WBC 

count was not, other inflammatory markers may better describe the relationship between 

systemic inflammation and fatigue in this population. Future work should explore the role of 

various inflammatory markers (e.g., IL-7, 10, 8, 6) shown to be elevated in osteoarthritis and 

their relationship with symptoms of fatigue (Sohn et al., 2012). 

Though participant’s self-reported osteoarthritis, and this has previously been reported as 

reliable (Broderick et al., 2013; Cheng et al., 2000), the type of osteoarthritis was not reported 

and may have implications for the relationships examined here. Additionally, pain and fatigue 

were measured with single items that likely do not capture the full scope of the respective 

concept. In particular, the item measuring pain asked about the interference of pain in daily 

activities and less about pain level or quantification of severity (see Appendix C). Given the 

nature of the question, it is possible it was measuring some form of physical function, as it was 

highly correlated with the physical function subscales (r=.32-.50). This may explain the small 

effect of pain when predicting odds of fatigue. Other information of interest in relation to 

osteoarthritis fatigue is a participants perspective and resilience to their symptom burden, both 

variables not collected in the available dataset. 

Other limitations include that the data used in this analysis is almost a decade old. While 

it is unlikely that a substantial difference exists between the osteoarthritis population of that 

decade compared to today, the age of the data could have an unknown effect on our outcomes. 

Moreover, despite the relatively clean sample used in this study, our analysis did not control for 

usage of anti-inflammatory medications. While theoretically this could introduce bias, it is 
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interesting that while we did not control for anti-inflammatory medications, our models still 

show a relationship between systemic inflammation and higher odds of fatigue in osteoarthritis. 

It would be worth exploring in future research if controlling for anti-inflammatory medications 

results in a stronger relationship between systemic inflammation and fatigue in osteoarthritis. We 

also did not account for fasting status, which may or may not have affected study results. 

With the acknowledgement of such limitations, this study addressed an unanswered and 

important question in osteoarthritis fatigue. The results confirm there may exist a biological 

mechanism related to systemic inflammation in osteoarthritis fatigue that interventions can 

target. Subsequently, future work can use this information, in conjunction with the Biobehavioral 

Model of Fatigue in Osteoarthritis that guided this study (Hackney, Klinedinst, Resnick, Renn, & 

Fiskum, 2018, manuscript under review) as a building block for larger, more robust studies with 

a goal of development of anti-inflammatory interventions to mitigate osteoarthritis fatigue and 

improve quality of life. 
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Table 5. Sample Characteristics and Demographics 

 2007-2010 NHANES 

Unweighted N 296 

Weighted Na 6,219,201 

Fatigued, (%)b 49.1 

Gender, (%)  

   Male 39.4 

   Female  60.6 

Age, M (SE; Range)  57.62 (.71; 21-80) 

Age Groups, (%)  

   20-29  1.4 

   30-44  16.6 

   45-54  23.1 

   55-64  27.3 

   65-74  18.2 

   75+  13.5 

Race/Ethnicity, (%)  

   Mexican American  2.9 

   Non-Hispanic White  84.5 

   Non-Hispanic Black  6.2 

   Other Hispanic/Race  6.4 

Education, (%)  

   <9th Grade  4.8 

   9 to 12th Grade, no diploma  10.1 

   High School Grad/GED  24.5 

   Some College  26.5 

   College Grad+  34.2 

Marital Status, (%)  

   Married  66.6 

   Widowed  9.8 

   Divorced/Separated  12.7 

   Never Married  7.2 

   Cohabitating  3.6 

Pain Days, M (SE; Range)b 5.92 (.80; 0-30) 

Depressive, M (SE; Range)b 1.20 (.15; 0-17) 

Sleep Disturbance, M (SE; Range)b 1.11 (.07; 0-5)  

7+ Hours of Sleep on Week Night, (%) 63.4 

Physical Activity, (%)b  

   Low  26.7 

   Moderate 26.0 

   High 47.2 

Physical Function Difficulty, M (SE; Range)b  

   Lower Extremity Mobility  2.41 (.07; 0-5) 

   General Physical Activity  3.39 (.35; 0-20) 

   Activities of Daily Living  .37 (.05; 0-9) 

   Instrumental Activities of Daily Living  .45 (.09; 0-9) 

   Leisure & Social Activities  3.48 (.08; 0-9) 

Comorbidities & Medications, (%)  

   Current Asthmab 49.6 

   Current Sleep Disorder 9.1 

   History of Kidney Stonesb 6.6 

   Current High Blood Pressure 37.3 

   Current High Cholesterolb 48.1 

   Current High Cholesterol Pillsb 81.2 

   Current High Blood Pressure Pillsb 92.0 
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Table 5 Continued  

Anthropometric & Laboratory Values, M (SE; Range)  

   Body Mass Index (kg/m2) 26.83 (.22; 16.66-30.00) 

   C-Reactive Protein (mg/dL)b .37 (.04; .01-7.30) 

   White Blood Cell Count (1000 cells/uL)b 7.15 (.17; 3.00-16.30) 

   Hemoglobin (g/dL)b 14.28 (.11; 10.30-17.60) 

Note: a Estimates are based on NHANES sampling weights. b Variables with N<296 due to missing values or 

questions not relevant to all participants. Fatigue 269, Pain 270, Depressive 263, Sleep Disturbance 269, Physical 

Activity 204, Lower Extremity Mobility Difficulty 174, General Physical Activity Difficulty 199, Activities of Daily 

Living Difficulty 212, Instrumental Activities of Daily Living Difficulty 198, Leisure and Social Activities 

Difficulty 211, Current Asthma 34, Hx Kidney Stones 291, Current High Cholesterol 267, Current High Blood 

Pressure Pills 119, Current High Cholesterol Pills 81, C-Reactive Protein 282, White Blood Cell Count 283, 

Hemoglobin 283.  
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Table 6. Sample Characteristics and Demographics Between Fatigued and Non-Fatigued 

Participants (N=269) 

 Non-Fatigued Fatigued x2 or t(df) Sign. 

Unweighted N 135 134   

Weighted Na 2,911,580 2,806,639   

Gender, (%)  .11  .77* 

   Male 39.0 41.0   

   Female  61.0 59.0   

Age, M (SE; Range) 59.85 (.90; 22-80) 54.80 (1.01; 21-80) 3.77 (29) .001+ 

Age Groups, (%)  10.12  .10* 

   20-29  0.3 2.8   

   30-44  11.1 22.0   

   45-54  23.7 23.7   

   55-64  29.7 24.6   

   65-74  21.8 14.7   

   75+  13.3 12.1   

Race/Ethnicity, (%)  .44 .87* 

   Mexican American  2.7 2.9   

   Non-Hispanic White  85.1 83.7   

   Non-Hispanic Black  5.2 6.7   

   Other Hispanic/Race  7.0 6.7   

Education, (%)  4.79 .38* 

   <9th Grade  3.6 5.3   

   9 to 12th Grade, no diploma  9.2 12.2   

   High School Grad/GED  21.0 28.1   

   Some College  25.6 24.9   

   College Grad+  40.5 29.4   

Marital Status, (%)  7.66 .28* 

   Married  67.3 65.3   

   Widowed  11.1 6.4   

   Divorced/Separated  11.1 15.6   

   Never Married  5.6 9.8   

   Cohabitating  5.0 2.8   

Pain Days, M (SE)b 2.63 (.71) 9.24 (1.31) -4.50 (29) <.001+ 

Depressive, M (SE)b .46 (.10) 1.99 (.28) -5.13 (29) <.001+ 

Sleep Disturbance, M (SE)b .98 (.06) 1.24 (.14) -1.64 (29) .11+ 

7+ Hours of Sleep on Week Night, (%) 38.2 25.7 14.83 .001* 

Physical Activity, (%)b    

   Low 21.7 25.7 .41 .63* 

   Moderate 30.2 23.4 1.11 .53* 

   High 48.1 51.0 .15 .73* 

Physical Function Difficulty, M (SE)b     

   Lower Extremity Mobility  2.25 (.09) 2.49 (.14) -1.32 (26) .20+ 

   General Physical Activity  2.24 (.48) 4.19 (.48) -2.81 (26) .01+ 

   Activities of Daily Living  .16 (.05) .52 (.09) -3.77 (28) .001+ 

   Instrumental Activities of Daily Living  .18 (.07) .66 (.17) -2.72 (28) .01+ 

   Leisure & Social Activities  .16 (.06) .69 (.17) 2.84 (28) .01+ 

Comorbidities & Medications, (%)     

   Current Asthmab 35.9 60.1 1.66 .31* 

   Current Sleep Disorder 5.9 10.4 3.25 .09* 

   History of Kidney Stonesb 5.0 9.5 5.16 .10* 

   Current High Blood Pressure 35.9 36.7 .02 .91* 

   Current High Cholesterolb 44.8 49.9 .63 .45* 

   Current High Cholesterol Pillsb 85.4 72.9 1.73 .35* 
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Table 6 Continued 

   Current High Blood Pressure Pillsb 93.5 89.3 .58 .54* 

Anthropometric & Laboratory, M (SE)    

   Body Mass Index (kg/m2) 26.38 (.36) 27.14 (.31) -1.76 (29) .09* 

   C-Reactive Protein (mg/dL)b .22 (.02) .51 (.09) -3.31 (28) .003+ 

   White Blood Cell Count (1000 cells/uL)b 6.72 (.20) 7.56 (.22) 3.58 (29) .001+ 

   Hemoglobin (g/dL)b 14.23 (.11) 14.35 (.18) -.64 (29) .53+ 

Note: *Chi-square test of independence. +Independent samples t-test. a Estimates are based on NHANES sampling 

weights. b Variables with N<269 due to missing values or questions not relevant to all participants.  

Non-Fatigued: Depressive 134, Sleep Disturbance 134, Physical Activity 105, Lower Extremity Difficulty 85, 

General Physical Activity Difficulty 93, Activities of Daily Living Difficulty 97, Instrumental Activities of Daily 

Living Difficulty 92, Leisure and Social Activities Difficulty 96, Current Asthma 10, Hx Kidney Stones 132, 

Current High Cholesterol 120, Current High Cholesterol Pills 37, Current High Blood Pressure Pills 50, C-Reactive 

Protein 133, White Blood Cell Count 133, Hemoglobin 133. 

Fatigued: Pain 133, Depressive 128, Sleep Disturbance 133, Physical Activity 83, Lower Extremity Difficulty 78, 

General Physical Activity Difficulty 89, Activities of Daily Living Difficulty 96, Instrumental Activities of Daily 

Living Difficulty 90, Leisure and Social Activities Difficulty 96, Current Asthma 22, Hx Kidney Stones 132, 

Current High Cholesterol 123, Current High Cholesterol Pills 36, Current High Blood Pressure Pills 57, C-Reactive 

Protein 130, White Blood Cell Count 131, Hemoglobin 131.



 78 

Note: *Dummy coded with referent as ‘No’.  R2=Cox & Snell R2. % Correct indicates the number of cases the 

unadjusted model correctly identifies.

Table 7. Unadjusted Logistic Regression Models Predicting Odds of Fatigue  

 OR p OR 95% CI R2 % Correct N 

Male* 1.08 .77 .62, 1.91 .00 51.2 269 

Age .97 .00 .96, .99 .04 54.0 269 

White* .90 .72 .48, 1.68 .00 51.4 269 

College* .61 .08 .35, 1.07 .02 56.1 269 

Married* .92 .81 .44, 1.92 .00 51.3 269 

Pain 1.09 .00 1.04, 1.13 .12 63.0 268 

Depressive Symptoms 1.81 .00 1.27, 2.57 .16 66.6 268 

Sleep Disturbance 1.32 .07 .98, 1.79 .02 53.0 267 

7+ Hours of Sleep* .37 .00 1.57, 4.71 .05 61.5 269 

High Physical Activity* 1.12 .72 .58, 2.17 .00 54.6 188 

Lower Extremity Mobility Difficulty 1.35 .24 .81, 2.27 .02 55.7 161 

General Physical Activity Difficulty 1.15 .04 1.01, 1.32 .06 62.4 182 

Activities of Daily Living Difficulty 1.70 .01 1.13, 2.57 .04 59.2 193 

Instrumental Activities of Daily Living 

Difficulty 

1.87 .03 1.06, 3.28 .06 60.9 182 

Leisure and Social Activities Difficulty 1.85 .02 1.10, 3.12 .07 60.4 192 

Current Asthma* 2.70 .26 .36, 20.36 .05 67.2 34 

Current Sleep Disorder* 2.33 .10 .84-6.50 .01 53.7 269 

History of Kidney Stones* 2.08 .20 .66, 6.54 .01 53.9 264 

Current High Blood Pressure* 1.04 .91 .56, 1.90 .00 50.9 269 

Current High Blood Pressure Pills* .59 .53 .10, 3.35 .01 51.9 107 

Current High Cholesterol* 1.23 .45 .71, 2.12 .00 52.6 243 

Current High Cholesterol Pills* .46 .34 .09, 2.49 .02 56.1 73 

Body Mass Index 1.07 .09 .99, 1.16 .01 54.5 269 

C-Reactive Protein 4.51 .00 1.88, 10.83 .08 58.8 263 

White Blood Cell Count 1.24 .00 1.09, 1.44 .04 56.3 264 

Hemoglobin 1.07 .51 .87, 1.31 .00 53.2 264 
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Table 8. Adjusted Logistic Regression Models Predicting Odds of Fatigue 

Model 1 (N=254) OR p OR 95% CI Wald F df R2 % Correct  

C-Reactive Protein 3.19 .03 1.11, 9.19 8.37 7, 22 .30 75.0  

Age .97 .04 .94, 1.00      

Pain 1.07 .01 1.02, 1.12      

Depressive Symptoms 1.64 .02 1.09, 2.46      

7+ Hours of Sleep* .40 .01 .21, .75      

Sleep Disturbance 1.45 .08 .95, 2.22      

Body Mass Index 1.04 .07 1.00, 1.09      

Model 2 (N=255) OR p OR 95% CI Wald F df R2 % Correct  

White Blood Cell Count 1.08 .36 .91, 1.29 8.55 7, 23 .29 77.0  

Age  .97 .07 .95, 1.00      

Pain 1.08 .01 1.02, 1.13      

Depressive Symptoms 1.62 .02 1.08, 2.43      

7+ Hours Sleep* .41 .01 .72, .77      

Sleep Disturbance 1.45 .07 .97, 2.17      

Body Mass Index 1.06 .01 1.02, 1.11      

Note: *Dummy coded with referent as ‘No’. R2=Cox & Snell R2. % Correct indicates the number of cases the 

unadjusted model correctly identifies. 
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Figure 2. Flow Diagram of 2007-2010 NHANES Participant Selection  
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Chapter 5: Discussion, Implications, and Recommendations 

This descriptive study was designed to: 1) examine standardized, valid, and reliable 

measures for identifying fatigue in osteoarthritis, and 2) explore the potential multifaceted 

etiology and mechanisms of osteoarthritis fatigue. These purposes were first steps toward 

building evidence needed to design and test interventions in osteoarthritis fatigue. Chapters 2 

through 4 encompassed three manuscripts that addressed the specific aims of this dissertation, 

guided by the Biobehavioral Model of Fatigue in Osteoarthritis presented in Chapter 1 and 

elaborated upon in Chapter 2. This chapter provides an overview of the research and major 

findings, examines overall strengths and limitations, and summarizes implications for the 

conceptual framework, and future nursing research and clinical practice. 

Overview of Major Findings 

Aim 1. Review and synthesize existing literature of factors associated with fatigue in 

adults with osteoarthritis. 

The review of the literature showed a large number of factors are known to be related to 

fatigue in osteoarthritis. Briefly, these factors include age, gender, comorbidities, non-NSAID 

pain medications, joint pain, depression, anxiety, sleep quality, physical activity (including 

physical exercise), and physical function. Many of these relationships are not clearly delineated 

and one variable, disease severity, was not associated with osteoarthritis fatigue at all. 

Notwithstanding, there was a significant lack of evidence of the association between biological 

factors and fatigue in osteoarthritis. The synthesis of this literature review was placed within the 

context of the Biobehavioral Model of Symptom Management, adapted to this study as the 

Biobehavioral Model of Fatigue in Osteoarthritis. This allowed for categorization of known 

correlates that have a direct and indirect relationships with osteoarthritis fatigue into individual 
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factors (age, gender, comorbidities, medications), psychosocial factors (anxiety, depression), 

disease specific factors (disease severity, joint pain), and behavioral factors (sleep quality, 

physical activity and exercise, physical function). The Biobehavioral Model of Fatigue in 

Osteoarthritis also allowed for categorization and recognition of correlates (biological factors 

like systemic inflammation) and their direct relationships with osteoarthritis fatigue that are not 

well explored. This framework provides a structure for future research that was used to support 

Aims 2 and 3 of this study. 

Aim 2. Measure the reliability and validity of a standardized fatigue measure 

(PROMIS Fatigue Short Form 8a), compared to a common standardized fatigue measure 

(PROMIS Fatigue Short Form 7a) and explore their psychometric properties as measures 

of fatigue in adults with osteoarthritis. Hypothesis 2.1: The 8a will have comparable reliability 

and validity to the 7a. Hypothesis 2.2: Both measures will be valid and reliable for measuring 

fatigue in adults with osteoarthritis.  

Results of this analysis supported hypothesis 2.1. The 8a and 7a had comparable 

psychometric properties as valid and reliable measures. Both the 8a and 7a had high internal 

consistency with person separation indexes of 2.64 (α=.87) and 3.41 (α=.92), respectively. 

Parallel test reliability indicated the 8a and 7a were highly correlated (r=.75, p<.01). Both 

measures were found to be unidimensional, with items that fit the measurement model, implying 

validity. The 8a had fewer non-fitting items and only one item contained ambiguous language. 

Three items on the 7a were easily misunderstood, one item in particular was found to be poorly 

fitting, consistent with findings from previous work (Reeve et al., 2016). 

Results of this analysis did not support hypothesis 2.2. Only the 8a was valid and reliable 

for measuring fatigue in osteoarthritis. The 8a exhibited high internal reliability (Cronbach’s 



 83 

alpha of .93) in adults with osteoarthritis. An independent samples t-test indicated a significant 

difference in 8a fatigue scores between individuals who have osteoarthritis (N=20) and those 

who do not (t29=-2.8, p<.05; N=11). The average total 8a fatigue score in adults with 

osteoarthritis was 6.4 points higher compared to total 8a fatigue scores in adults without 

osteoarthritis, supporting construct validity of the 8a. Although the 7a also had high internal 

reliability (Cronbach’s alpha of .86), there was no significant difference in 7a total fatigue scores 

by osteoarthritis diagnosis, limiting the support of its construct validity for measuring fatigue in 

osteoarthritis. 

Aim 3. Evaluate the relationship between a biological factor (systemic 

inflammation) and fatigue in adults with osteoarthritis while controlling for established 

correlates. Hypothesis 3.1: Elevated systemic inflammation (C-reactive protein and White Blood 

Cell count) will result in increased odds of fatigue in adults with osteoarthritis, when controlling 

for other correlates (age, pain, depressive symptoms, sleep quantity and quality, and body mass 

index). 

Analysis of this aim evaluated two markers of systemic inflammation, blood c-reactive 

protein (CRP) level and white blood cell (WBC) count, in independent and combined logistic 

regression models, when controlling for correlates of fatigue in osteoarthritis including age, pain, 

depressive symptoms, sleep quantity (7+ hours of sleep on week nights), sleep disturbance, and 

body mass index. The findings from the first model exploring CRP and odds of fatigue in 

osteoarthritis supported hypothesis 3.1. With every 1mg/dL increase in CRP, adults with 

osteoarthritis have 3.19 times higher odds of fatigue (95% CI 1.11-9.19, p=.03) when controlling 

for effects of age, pain, depressive symptoms, sleeping 7+ hours on week nights, sleep 

disturbances, and body mass index. The findings from the model exploring WBC count and odds 
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of fatigue in osteoarthritis did not support the hypothesis. WBC count was not a significant 

predictor of increased odds of fatigue in adults with osteoarthritis when controlling for 

covariates.  

Study Strengths and Limitations 

The foundational strength of this dissertation is its approach of addressing two gaps in the 

literature that hinder development of effective management and treatment of fatigue in 

osteoarthritis. First, this study presented the need for a standardized measure of fatigue across 

osteoarthritis research. Aim 2 explored the measurement strengths of the PROMIS Fatigue Short 

Form 8a and 7a for use in osteoarthritis and found the 8a is effective in identifying and 

measuring osteoarthritis fatigue. Second, this study acknowledged that to effectively target and 

mitigate fatigue in osteoarthritis, there is a need for clear mechanistic insight into this 

phenomenon. This study addresses this in Aims 1 and 3 by 1) reviewing and synthesizing the 

known correlates of fatigue in osteoarthritis, 2) identifying the lack of known biological 

correlates, and 3) exploring the relationship between a biological correlate (systemic 

inflammation) and fatigue in osteoarthritis. In exploration of Aim 3 in particular, the sample was 

sufficiently large and incorporated weights that could be generalized to the United States 

population. Moreover, the strict exclusion criteria were able to control for large number of 

cofounders and covariates allowing for insight into the true relationship between systemic 

inflammation and fatigue in osteoarthritis. This resulted in a robust way to test the theory 

synthesized in Aim 1. By providing insight where research is needed, a significant strength of 

this dissertation is that it has set the stage for future work and has begun to outline potential 

mechanisms that can be targeted by interventions. 
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Besides the limitations associated with each aim and specified in the respective chapters, 

one overall limitation is the lack of primary data used in this study. The aims of this research 

relied heavily on data previously published or collected. Whereas this can be a resourceful way 

to conduct research, this limited control over the study design, the sample, and quality of data 

being used and thereby affected both internal and external validity. 

Study Design 

The lack of control regarding the study designs of the data used, particularly in Aims 2 

and 3, may limit internal validity of our findings. Both aims used cross-sectional data, ruling out 

longitudinal analysis or interventional design to identify causality or consistency in relationships 

over time. Future longitudinal and interventional research should continue to explore these 

relationships. This is especially needed for Aim 3 to further explore what and how variables like 

pain, depression, or poor sleep may precede osteoarthritis fatigue. The study design for Aim 1 

consisted of a comprehensive review of the literature. While a systematic review may have been 

more rigorous, there is only a small body of primary research in which conclusions could be 

based on. In general, more research in osteoarthritis fatigue is needed. 

Sample 

Because the data used in Aim 2 was from a pilot study, the sample size was relatively 

small (N=31). Although this may bias our findings, a sample size above 30 is an adequate sample 

size to begin to find relationships and our findings would likely be replicated in a much larger 

sample. Additionally, the original sample inclusion and exclusion criteria for the data used in 

Aim 2 were non-modifiable. This meant participants used in the evaluation of psychometric 

properties of both PROMIS measures were adults with ‘self-reported joint pain’. When 

addressing Aim 2, not all of the participants reported a diagnosis of osteoarthritis. This may have 
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resulted in an increased threat to external validity, as the sample was small and had limited 

generalizability to adults with osteoarthritis. Given that some participants did self-report an 

osteoarthritis diagnosis, we were able to find separate these participants and found differences in 

8a fatigue scores between adults with and without self-reported osteoarthritis. This highlights the 

potential use of the 8a for measuring fatigue in osteoarthritis. However, again, the sample size 

(N=20) for this relationship was small, limiting generalizability and further supporting the need 

for research exploring the PROMIS Fatigue Short Form 8a in osteoarthritis fatigue. 

 Moreover, including participants who self-report a diagnosis of osteoarthritis as opposed 

to participants who have radiographic evidence of osteoarthritis may have some implications for 

the findings. Although previous work has suggested that participant self-report of osteoarthritis is 

reliable (Broderick et al., 2013; Cheng et al., 2000), future work should replicate our findings in 

a sample of participants with radiographic evidence of osteoarthritis. In this future work, 

researchers should also consider accounting for the type of osteoarthritis. The type of 

osteoarthritis was not accounted in Aims 2 and 3 which may have implications on the findings.  

Data Quality  

More pertinent for the data used to address Aim 3 is the fact that the data was collected 

using measurement items that may not be relevant for the research questions at hand. This is 

because the items used in the NHANES data likely do not measure a concept as intended for this 

study. Specific items of concern are addressed in more detail in Chapter 4 but in brief, include 

the pain and fatigue measures and the limited number of systemic inflammatory markers. 

Subsequently this may have implications for the findings of this study, threatening internal 

validity of results. Although this is a common limitation with secondary data analyses, we 

recommend additional research explore these relationships with more robust instrumentation.  
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Despite these limitations, the findings supporting each aim are significant in advancing 

the state of the science surrounding osteoarthritis fatigue. This is a key first step toward 

intervention development and testing. 

Implications For Conceptual Framework 

Overall, the findings from the aims support the propositions of the Biobehavioral Model 

of Fatigue in Osteoarthritis and provide insight into its expansion. First, the findings from the 

analysis of Aim 2 show that the PROMIS Fatigue Short Form 8a was able to measure differences 

in fatigue scores between adults with and without osteoarthritis, while the PROMIS Fatigue 

Short Form 7a did not perform as well. Although they both are standardized, valid, and reliable 

fatigue instruments in self-reported joint pain, this does not mean both measures are valid for 

measuring fatigue in osteoarthritis. Thus, the main outcome of fatigue in the Biobehavioral 

Model of Fatigue in Osteoarthritis can likely be measured with the 8a. Further research is needed 

to explore how the 7a may function as a standardized measure of fatigue in osteoarthritis before 

it can be evaluated within the context of the Biobehavioral Model of Fatigue in Osteoarthritis. 

Because the guiding model of this dissertation was designed from the literature review 

presented in Chapter 2, a large number of identified factors in Aim 1 are related to osteoarthritis, 

consistent with the propositions in the Biobehavioral Model of Fatigue in Osteoarthritis. Only 

two relationships proposed in the model are weakly supported by findings of the literature 

review. The first is the relationship between a disease specific factor, disease severity, and 

fatigue. Only a handful of studies explored this and no connection was found. Yet disease 

severity was retained in the conceptual framework because of the limited research and the hope 

that it can provide forthcoming insight into the onset of osteoarthritis fatigue. The second weakly 

supported proposition, was the direct relationship between biological factors and osteoarthritis 
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fatigue. No literature was identified to support this claim and therefore, it was partially addressed 

in the analysis of Aim 3. Results of Aim 3 found a biological factor, systemic inflammation 

(CRP and WBC count), to be independently associated with and predictive of fatigue in adults 

with osteoarthritis. Thus, supporting the proposed direct relationship between biological factors 

and fatigue in the Biobehavioral Model of Fatigue in Osteoarthritis. Moreover, not supported by 

findings in Aim 3, indirect relationships may exist between biological factors and the outcome 

through individual and behavioral factors. The lack of evidence for this relationship in this study 

may have been secondary to the limited number of systemic inflammatory markers. Yet there is 

evidence to suggest a relationship between biological factors (e.g., systemic inflammation) and 

individual factors (e.g., age, medications) and behavioral factors (e.g., physical activity) (Ford, 

2002; Franceschi & Campisi, 2014; Woods et al., 2012; Xiao et al., 2016), which may influence 

fatigue. Because there is reason to believe these relationships exist in osteoarthritis fatigue, 

retention of these direct relationships in the model is recommended and require additional 

research after the direct relationship with biological factors and fatigue is delineated. 

 Conversely, some additional findings from the analysis of Aim 3 provided mixed support 

for multiple arms of the Biobehavioral Model of Fatigue in Osteoarthritis. For instance, gender, 

comorbidities, medications (individual factors) and physical activity (behavioral factor) were not 

independently associated with osteoarthritis fatigue as proposed. However, proposed 

independent relationships between age (individual factor), depressive symptoms (psychosocial 

factor), pain (disease specific factor), and physical function (behavioral factor), and fatigue 

(outcome) in the model were confirmed in the same analysis. Additional findings from the 

analysis of Aim 3 also showed direct associations between one variable, sleep quantity, and 

fatigue not depicted within the original Biobehavioral Model of Fatigue in Osteoarthritis. 
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Because of this evidence of its direct association with osteoarthritis fatigue, sleep quantity should 

be included in the Biobehavioral Model of Fatigue in Osteoarthritis. A handful of other variables 

like race and ethnicity, education, marital status, and body mass index should also be 

incorporated into an expanded version of the model. Although significant relationships between 

these variables and fatigue in osteoarthritis were not found in the analysis of Aim 3, there is 

reason to believe they may be relevant in osteoarthritis fatigue (D. M. Smith & Parmelee, 2016; 

Valentine et al., 2011), but most have not been explored in this population. It is also possible that 

many of these variables also have an indirect relationship with biological factors (other systemic 

inflammatory markers) in relation to the outcome of fatigue that requires exploration. Figure 3 

provides a preview of a potential expanded model including new variables discussed here. Added 

variables were grouped into designated factor categories of the Biobehavioral Model of Fatigue 

in Osteoarthritis as follows: individual factors expanded to include demographics (age, race and 

ethnicity, education, marital status) and body mass index and behavioral factors expanded to 

include sleep quantity (sleeping 7+ hours on week nights versus sleeping ≤6 hours on week 

nights). This expansion of the Biobehavioral Model of Fatigue in Osteoarthritis adds knowledge 

to the multifaceted etiology and mechanisms underlying osteoarthritis fatigue. More variables 

and factor groups in the model provide an increased number of areas for targeted interventions to 

mitigate fatigue in this population. 

The Biobehavioral Model of Fatigue in Osteoarthritis was a good framework for this 

study and was supported by the findings. Although it may oversimplify the relationships 

depicted, it provides a general overview of the underpinnings of a multifaceted phenomenon. It 

should be noted that the analysis conducted in this study also did not explore the indirect 

relationships depicted in Figure 3 between psychosocial factors, disease specific factors, and 
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behavioral factors, yet it is likely these relationships still exist in relation to osteoarthritis fatigue 

and were retained in the expanded model. This expanded model (Figure 3) should be the 

framework for which future research builds from. 

Implications For Nursing Research 

At least three overarching recommendations for nursing research come from the findings 

of this study. First, nurse researchers should consider incorporating the PROMIS Fatigue Short 

Form 8a into osteoarthritis research to replicate and expand the findings of Aim 2 discussed here. 

Findings here suggest it may be a strong standardized, valid, and reliable measure of fatigue in 

this population, yet this needs to be examined in a much larger sample. For replication and 

reevaluation, the 7a should also be incorporated in osteoarthritis research to further test its 

validity in measuring fatigue; as the results in the study may have been hindered by the small 

sample. Replications of our findings would ensure that the 8a is effective in identifying 

osteoarthritis fatigue. Additionally, more evidence would ensure the 8a fulfills the prerequisite 

for bring a standardized, reliable, and valid fatigue measure required for developing and testing 

interventions. 

Second, nursing research should continue to explore direct relationships between 

biological factors and fatigue in osteoarthritis. The findings of Aim 3 in this study support a 

direct relationship between systemic inflammation and osteoarthritis fatigue, but should be 

replicated and additional systemic inflammatory markers should be evaluated. Additional 

biological factors should also be considered in future work, including mitochondrial function, 

genetics, or proteomics. This would further describe this underlying relationship in osteoarthritis 

fatigue. Moreover, as previously discussed, future osteoarthritis fatigue research may benefit 
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from exploring the influence of biological factors or the influence of indirect relationships 

between biological factors and individual or behavioral factors on fatigue outcomes.  

While the previous two suggestions for future work are independent of one another, our 

third recommendation focuses on the combination of an expanded focus of Aims 2 and 3 using 

the expanded Biobehavioral Model of Fatigue in Osteoarthritis (Figure 3). The outcome of 

fatigue can be explored using other standardized measures and compared to PROMIS Fatigue 

Short Forms 8a and 7a. These fatigue scores can then be explored in relation to the biological 

factors and/or other components that make up the Biobehavioral Model of Fatigue in 

Osteoarthritis. Implementation of this model in future work will help achieve mechanistic insight 

through: 1) exploration of the direct relationships between a number of factors and osteoarthritis 

fatigue; 2) exploration of the interplay of such factors and their relationship to osteoarthritis 

fatigue; 3) identification and testing of potentially modifiable relationships and confirming its 

impact on fatigue. For example, if a future study finds a relationship between systemic 

inflammation (1) and osteoarthritis fatigue that is influenced by gender (2), then interventions 

could be developed to target the inflammatory process occurring between genders to alleviate 

symptoms of fatigue (3). Usage of this model with this focus is a key step toward development of 

osteoarthritis fatigue interventions, and such research will generate new knowledge necessary for 

understanding and treating this phenomenon. 

Implications For Clinical Practice 

While it would be hasty to change clinical practice based on the findings of a single 

descriptive study, the outcomes here add to the mounting evidence of osteoarthritis fatigue and 

have implications for future clinical practice. Perhaps the most important implication is that as a 

clinician, nurses should first be aware of the phenomenon of osteoarthritis fatigue and its 
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deleterious effect on quality of life. In Chapter 4, the analysis showed additional findings that 

fatigued adults with osteoarthritis report significantly more pain, depressive symptoms, and 

difficulty with things like activities of daily living (e.g., dressing self) and leisure and social 

activities (e.g., visiting friends, going out). While this is just a snippet of the negative effects of 

fatigue in osteoarthritis, it sheds light on the increased symptom burden experienced by these 

individuals. With the awareness of the prevalence and significance of osteoarthritis fatigue, 

nurses may consider adapting a simple screening method for patients with osteoarthritis. This 

screening method could be the stand-alone PROMIS Fatigue Short Form 8a, given its brevity, 

standardized measurement, and the findings here that support it as a reliable and valid measure of 

osteoarthritis fatigue (Chapter 3). 

Additionally, alongside of ability to recognize the problem, it is essential for nurses 

understand, or at least be aware of, the multifaceted etiology of fatigue in osteoarthritis. 

Awareness of the plethora of factors found to be associated with fatigue in osteoarthritis (Chapter 

2) will allow nurses to be able to readily identify at-risk individuals and provide holistic care. 

Nurses can easily recognize modifiable factors (e.g., usage of certain medications) and non-

modifiable factors (e.g., gender) associated with fatigue in osteoarthritis and intervene 

accordingly. As more research emerges regarding the low-grade inflammatory nature of 

osteoarthritis and its potential role in the genesis of fatigue (Chapter 4), additional nursing 

interventions may result to target systemic inflammation as a way to mitigate symptoms of 

fatigue. Future work should continue to tease out how the Biobehavioral Model of Fatigue in 

Osteoarthritis and its many relationships can be used in clinical practice. 
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Conclusion 

This dissertation contributes to the evidence of a need for better measurement and 

understanding of the complex symptom of osteoarthritis fatigue. Using the Biobehavioral Model 

of Fatigue in Osteoarthritis, this dissertation has concisely organized the interplay of a large 

number of factors associated fatigue. Not only have the findings highlighted the potential 

strength of using a standardized instrument to measure fatigue, they have also pinpointed an 

understudied relationship between biological factors and fatigue in osteoarthritis. A result of is 

the generation of findings that fill the gap which previously hindered development and testing of 

efficient interventions. Future research is needed to gain a greater understanding of 1) how and 

what standardized measures of fatigue can be used in osteoarthritis research, and 2) the 

relationship between additional biological factors and fatigue in osteoarthritis.
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Figure 3. The Biobehavioral Model of Fatigue in Osteoarthritis [Expanded] 

Adapted from Ameringer, S. & Smith, W. R. (2011). Emerging biobehavioral factors of 

fatigue in sickle cell disease. J Nurs Scholarship, 43(1), 22-29. Relationships are depicted 

based on evidence reviewed in Chapter 2 and expanded in Chapters 4 and 5. Solid lines 

indicate established direct relationships with osteoarthritis fatigue; dashed lines indicate 

indirect relationships to osteoarthritis fatigue; and dotted lines indicate potential, not well-

explored relationships in osteoarthritis fatigue. 
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Appendix A: Biobehavioral Model of Sickle Cell Disease Fatigue 
 

 
 

Conceptual model developed by Ameringer & Smith (2011) 
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Appendix B: 2007-2010 NHANES Measures 
1. Education  

a. Determined as the highest grade or level of school completed or the highest 

degree received. 

2. Depressive Symptoms 

a. The PHQ-6 included the following items and responses ranged from ‘Not at All’, 

‘Several Days’, ‘More than Half the Days’ to ‘Nearly Every Day’.  

i. “Over the last 2 weeks, how often have you been bothered by any of the 

following problems: little interest or pleasure in doing things?” 

ii. “Over the last 2 weeks, how often have you been bothered by any of the 

following problems: feeling down, depressed, or hopeless?” 

iii. “Over the last 2 weeks, how often have you been bothered by any of the 

following problems: feeling bad about yourself – or that you are a failure 

of have let yourself or your family down?” 

iv. “Over the last 2 weeks, how often have you been bothered by any of the 

following problems: trouble concentrating on things, such as reading the 

newspaper or watching television?” 

v. “Over the last 2 weeks, how often have you been bothered by any of the 

following problems: moving or speaking so slowly that other people could 

have noticed. Or the opposite – being so fidgety or restless that you have 

been moving around a lot more than usual?” 

vi. “Over the last 2 weeks, how often have you been bothered by any of the 

following problems: thought that you would be better off dead, or of 

hurting yourself?” 

b. The following three items were removed from the original PHQ-9 to result in the 

PHQ-6. 

i. “Over the last 2 weeks, how often have you been bothered by the 

following problems: trouble falling or staying asleep, or sleeping too 

much?” 

ii. “Over the last 2 weeks, how often have you been bothered by the 

following problems: feeling tired or having little energy?” 

iii. “Over the last 2 weeks, how often have you been bothered by the 

following problems: poor appetite or overeating?” 

3. Medical Conditions 

a. The following questions were asked concerning medical conditions. 

i. “Have you ever been told by a doctor or other health professional that you 

had hypertension, also called high blood pressure?” If a participant 

reported ‘Yes’ to a diagnosis of high blood pressure, they were asked: 

1. “Are you now taking prescribed medicine (for high blood 

pressure)?” 

ii. “Have you ever been told by a doctor or other health professional that 

your blood cholesterol level was high?” If a participant reported ‘Yes’ to a 

diagnosis of high cholesterol, they were asked: 

1. “Are you now following this advice to take prescribed medicine 

(for high cholesterol)?” 

iii. “Do you still have asthma?” 
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iv. “Have you ever been told by a doctor or other health professional that you 

have a sleep disorder?” 

v. “Have you ever had kidney stones?”  

4. Pain 

a. The following question was used to evaluate pain. 

i. “During the last 30 days, for about how many days did pain make it hard 

for you to do your usual activities, such as self-care, work, or recreation?”  

5. Sleep Quantity 

a. The following question was used to evaluate sleep quantity. 

i. “How much sleep (in hours) do you usually get at night on weekdays or 

workdays?” 

6. Sleep Disturbance 

a. The following question was used to evaluate sleep disturbances. 

i. “During the past 30 days, how many times per night did you most 

typically get up to urinate, from the time you went to bed at night until the 

time you got up in the morning?” 

7. Physical Activity 

a. Physical activity levels over a week were categorized using current guidelines as 

follows. 

i. High Physical Activity:  

1. ≥300 minutes of moderate-intensity activity, OR 

2. ≥150 minutes of vigorous-intensity activity, OR  

3. An equivalent combination of moderate and vigorous-intensity 

activity (300+ minutes)  

ii. Moderate Physical Activity: 

1. ≥150 minutes but <300 minutes of moderate-intensity activity, OR 

2. ≥75 minutes but <150 minutes of vigorous-intensity activity, OR  

3. An equivalent combination of moderate and vigorous-intensity 

activity (≥75minutes but <150 minutes)  

iii. Low Physical Activity:  

1. <150 minutes of moderate-intensity activity, OR 

2. <75 minutes of vigorous-intensity activity, OR  

3. An equivalent combination of moderate and vigorous-intensity 

activity (<150 minutes)  

8. Physical Function 

a. The following items were used to measure physical function ability. Item 

responses ranged from 1 to 5 (‘No Difficulty’, ‘Some Difficulty’, ‘Much 

Difficulty’, ‘Unable to Do’ to ‘Do Not Do This Activity’) and were recoded as 0 

to 3 (‘No Difficulty’, ‘Some Difficulty’, ‘Much Difficulty’, ‘Unable to Do’). 

Responses of ‘Do Not Do This Activity’ were coded as missing. Items are as 

follows and were grouped into the following subscales:  

i. Lower-Extremity Mobility 

1. “By yourself and without using any special equipment, how much 

difficulty do you have walking for a quarter of a mile [that is about 

2 or 3 blocks]?” 
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2. “By yourself and without using any special equipment, how much 

difficulty do you have walking up 10 steps without resting?” 

ii. General Physical Activity 

1. “By yourself and without using any special equipment, how much 

difficulty do you have stooping, crouching, or kneeling?” 

2. “By yourself and without using any special equipment, how much 

difficulty do you have lifting or carrying something as heavy as 10 

pounds [like a sack of potatoes or rice]?” 

3. “By yourself and without using any special equipment, how much 

difficulty do you have standing up from an armless straight chair?” 

4. “By yourself and without using any special equipment, how much 

difficulty do you have standing or being on your feet for about 2 

hours?” 

5. “By yourself and without using any special equipment, how much 

difficulty do you have sitting for about 2 hours?” 

6. “By yourself and without using any special equipment, how much 

difficulty do you have reaching up over your head?” 

7. “By yourself and without using any special equipment, how much 

difficulty do you have using your fingers to grasp or handle small 

objects?” 

8. “By yourself and without using any special equipment, how much 

difficulty do you have pushing or pulling large objects like a living 

room chair?” 

iii. Activities of Daily Living  

1. “By yourself and without using any special equipment, how much 

difficulty do you have walking from one room to another on the 

same level?” 

2. “By yourself and without using any special equipment, how much 

difficulty do you have getting in or out of bed?” 

3. “By yourself and without using any special equipment, how much 

difficulty do you have eating, like holding a fork, cutting food or 

drinking from a glass?” 

4. “By yourself and without using any special equipment, how much 

difficulty do you have dressing yourself, including tying shoes, 

working zippers, and doing buttons?” 

iv. Instrumental Activities of Daily Living  

1. “By yourself and without using any special equipment, how much 

difficulty do you have managing money such as keeping track of 

our expenses or paying bills” 

2. “By yourself and without using any special equipment, how much 

difficulty do you have doing chores around the house [like 

vacuuming, sweeping, dusting, or straightening up]?” 

3. “By yourself and without using any special equipment, how much 

difficulty do you have preparing your own meals?” 

v. Leisure and Social Activities  
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1. “By yourself and without using any special equipment, how much 

difficulty do you have going out to things like shopping, movies, 

or sporting events?” 

2. “By yourself and without using any special equipment, how much 

difficulty do you have participating in social activities [visiting 

friends, attending clubs or meetings or going to parties]?” 

3. “By yourself and without using any special equipment, how much 

difficulty do you have doing things to relax at home or for leisure 

[reading, watching TV, sewing, listening to music]?” 
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Appendix C: Unweighted Correlation Matrix 
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