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Abstract

Objectives—Fatigue is known to be a pathway through which depression, psychological distress, 

pain intensity, and sleep disturbance influence pain interference, but the independent effects of 

fatigue on pain interference after controlling for these variables remains unknown. Additionally, 

no study to date has tested whether fatigue subtypes of general fatigue, mental fatigue, emotional 

fatigue, physical fatigue, or vigor differentially predict pain interference.

Methods—The current study tested these associations using archival medical data of 2,133 

chronic orofacial pain patients who complete a battery of psychological questionnaires at the time 

of their first appointment at an orofacial pain clinic.

Results—Hierarchical linear regression analysis revealed that after controlling for depression, 

psychological distress, sleep disturbance, pain intensity, and demographic variables, fatigue 

predicted higher pain interference (B = 0.70, SE = 0.17, p<001, η2 = .01). Physical fatigue (B = 

1.70, SE = 0.48, p<001, η2 = .01) and vigor (B = −3.24, SE = 0.47, p<001, η2 = .03) were 

independently associated with pain interference after controlling for the aforementioned variables.

Discussion—The findings suggest that fatigue is an important independent predictor of pain 

interference and not merely a mediator. These findings also suggest that not all fatigue is created 

equal. Interventions aimed at reducing pain interference should target specific fatigue symptoms of 

physical fatigue and vigor. Future research investigating the independent associations of fatigue 

subtypes on pain outcomes may help clarify the nature of the interrelationships between pain and 

fatigue.
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Introduction

Fatigue is a common symptom in chronic pain disorders, and there is high comorbidity 

between chronic pain disorders and chronic fatigue syndrome [1-3]. There are strong 

positive correlations between fatigue levels and pain intensity [4-5]. Not only is fatigue 

associated with the experience of pain, but it may also predict how well people maintain 

activity in the face of pain. Few studies, however, have investigated the role of fatigue in 

predicting how disruptive pain is, and those that have done so primarily examined the 

associations between fatigue and physical functioning [6-11]. Yet, pain disrupts more than 

just physical functioning [12]. One broad indicator of the disruptiveness of pain is pain 

interference, defined as the degree to which pain interferes with social, recreational, and 

work-related activities [13]. Little is known about the associations of fatigue with pain 

interference. An exploration of the relationship between fatigue and pain interference is 

important, as it may highlight how fatigue influences- and possibly disrupts- the daily lives 

of chronic pain patients.

One previous study found that women with high pain interference reported more fatigue than 

women with low pain interference [14]. In orofacial pain patients, fatigue partially mediated 

the relationship of psychological distress on pain interference [5]. Similarly, in non-cancer 

chronic pain, fatigue partially mediated the associations of pain intensity, sleep disturbance, 

and depression on pain interference [6]. Additionally, strong positive correlations have been 

found between pain interference and fatigue (r = .48) [15]. These studies cumulatively 

suggest that fatigue may be an important mediator through which psychosocial variables 

influence pain interference, and that fatigue may be an interventional target for helping 

chronic pain patients reduce pain interference in daily life.

The literature on the relationship between fatigue and pain interference has two major 

weaknesses. First, although fatigue has been tested as a mediator, it is unknown if it predicts 

pain interference after removing the effects of pain intensity, sleep disturbance, depression, 

and psychological distress. Second, there are at least five different types of fatigue, including 

general fatigue (general feelings of feeling worn-down or sluggish), mental fatigue (feeling 

mentally tired, confused, and unable to concentrate), emotional fatigue (feeling sad, 

depressed, or upset), physical fatigue (feeling physically tired, weak, or heavy), and vigor 

(feeling lively, energetic, or cheerful) [16]. Only one study has investigated the associations 

of fatigue subtypes on pain interference [5]; as such, little is known about which types of 

fatigue are most strongly associated with pain interference.

What are the direct effects of fatigue on pain interference, and is all fatigue created equal or 

are some subtypes more predictive of pain interference than others? The current study tested 

these questions in a large sample of chronic orofacial pain patients. An orofacial pain sample 

was used because (1) orofacial pain symptoms arise from diverse structures, including 

muscles, joints, and nerves [17], (2) extant research has tested the relationship between 
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fatigue and pain interference in orofacial pain samples, providing theoretical scaffolding for 

the current study [4-6], and (3) chronic orofacial pains are prevalent, expensive to treat, and 

understudied relative to other chronic pain disorders [17-18]. Based on the literature, it was 

hypothesized that fatigue would significantly predict pain interference even after controlling 

for pain intensity, sleep disturbance, depression, and psychological distress. It was further 

hypothesizes that general fatigue, mental fatigue, emotional fatigue, physical fatigue, and 

vigor would each predict unique variance in pain interference.

Methods

Patient Selection

The study presents archival medical data from 2,133 patients who came in to an initial 

consultation at a university-affiliated orofacial pain clinic between the years of 1997 and 

2013. To be included in the study, patients had to: (1) report pain duration of at least three 

months, (2) receive an orofacial pain diagnosis, (3) complete the questionnaires of interest, 

and (4) consent to their data being used for research. Data from all eligible patients were 

extracted. The study was approved by the Institutional Review Board of the Office of 

Research Integrity.

Procedures

Patients came for an initial consultation at the orofacial pain clinic where the study was 

conducted. During that consultation, they completed a battery of questionnaires assessing 

pain symptoms and psychological functioning (described below). They also underwent a 

thorough clinical evaluation by a licensed dentist doing a residency in orofacial pain. 

Following this evaluation, the dental resident conferred with an experienced dentist to 

determine diagnoses. Diagnoses were based on the criteria described in the Guidelines for 

the Assessment, Management, and Treatment of Orofacial Pain, 4th Edition [17]. 

Psychological data were scored by psychology residents working at the pain clinic and 

results were incorporated into the patient’s medical files. Deidentified psychological and 

pain data of patients who met inclusion criteria and provided consent were extracted from 

their medical records. Only the questionnaires described below were examined for the 

current study.

Materials

Demographics and Pain Duration—Patients self-reported their age, sex, employment 

status, marital status, and pain duration.

Fatigue—The Multidimensional Fatigue Symptom Inventory-Short Form (MFSI-SF) 

assessed general, mental, emotional, and physical fatigue as well as vigor [16]. Patients rated 

the degree to which they experienced 30 different symptoms over the past week using a scale 

from 0 “Not at all” to 4 “Extremely.” The five subscale scores were computed by averaging 

all items of that scale, producing subscale scores ranging from 0 to 4. Scores on items were 

averaged instead of summed so that missing data would not bias the range of possible 

scores. A total fatigue score where vigor was subtracted from the sum of general, mental, 

emotional, and physical fatigue was also computed. Higher scores indicated higher levels of 
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the measured construct. The MFSI-SF has been validated in patients with chronic illnesses 

generally and orofacial pain specifically [4-5, 19-20]. Reliability was adequate for the total 

score (α = .91) and for all subscales, ranging from α = .88 for physical fatigue to α = .95 for 

general fatigue.

Pain Interference—The pain interference subscale of the West-Haven Yale 

Multidimensional Pain Inventory (WHYMPI) was used to assess the degree to which pain 

disrupted social, recreational, and work-related activities [13]. It consisted of nine items 

which patients responded to using a scale from 0 to 6. The responses to the nine items were 

entered into a computer-based scoring system provided by the test developers which used 

Rasch-based algorithms to produce a scaled score ranging from 0 to 100. Higher scores 

represented higher pain interference. The WHYMPI pain interference scale has been well-

validated in chronic pain samples [5, 12, 13, 19, 21]. The dataset used for the current study 

contained only scale scores and not individual items; as such, Cronbach’s alpha could not be 

computed. However, previous research has found that the pain interference subscale has 

good reliability (α = .90) [13].

Pain Intensity—Pain intensity was measured using a visual analog scale. Patients rated 

their average level of pain over the past month by placing a mark on a 100 mm line with 

anchors of “No pain at all” and “The most intense pain that you can imagine.” The location 

of the mark was quantified using a 100 mm ruler by a psychology resident working at the 

pain clinic. Higher scores indicated greater pain intensity.

Sleep Disturbance—Sleep disturbance was assessed by a single-item question from the 

Pittsburg Sleep Quality Inventory (PSQI) [22]. The item asked patients to report “During the 

past month, how would you rate your sleep quality overall” using response options ranging 

from 0 “Very good” to 3 “Very bad.” This subjective, single-item measure was chosen over 

the full PSQI score because previous research suggests that sleep quality is a better predictor 

of health outcomes and is only moderately related to sleep quantity [23]; this may especially 

be the case with chronic pain patients who often report irregular sleep schedules [24-25].

Depression and Psychological Distress—Depression and psychological distress were 

measured using the Depression subscale and the Global Severity Index (GSI) composite 

scale of the Symptom Check List – 90 – Revised (SCL-90-R) [26]. The SCL-90-R had 

patients report the frequency of 90 different somatic and psychological symptoms over the 

course of the past seven days. Patients responded to each item using a scale ranging from 0 

“Not at all” to 4 “Extremely.” Responses were inputted into a computer-based scoring 

program provided by the test developers which gave a t-score for each of nine scales ranging 

from 0 to 81. Higher scores represented worse psychological functioning. The depression 

subscale consisted of 13 items and the GSI consisted of all 90 items. Previous research has 

validated these scales for use in chronic orofacial pain populations and have found them to 

have good reliability [5, 26].
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Data Analysis Plan

Prior to data analyses, all variables were checked for outliers using a criteria of +/− 4 

standard deviations. Missing data was treated using listwise deletion. Means, standard 

deviations, and ranges were computed for all study variables. For these descriptive analyses, 

patients were categorized into one of the following six groups based on primary diagnosis: 

muscle pain (myofascial pain, local and centrally mediated myalgia, and dystonia); 

temporomandibular joint-associate pain (osteoarthritis, capsulitis/synovitis, tendonitis, 

subluxation, disc adhesions, and disc displacements); neuropathic pain (episodic and 

continuous neuropathic pain); headache pain (tension-type headache, migraine, and other 

headaches), dento-alveolar pain (pulpitis/periodontitis), and other (orthopedic instability, 

otologic disorder, etc.).

The primary aim of the study was to test if fatigue predicted pain interference after 

controlling for pain intensity, sleep disturbance, depression, and psychological distress. To 

do so, five models in hierarchical linear regression were conducted. In Model 1, total fatigue 

was entered as a unitary predictor of pain interference. In Model 2, pain intensity was added. 

In Model 3, sleep disturbance was added. In Model 4, depression and psychological distress 

were added. Finally, in Model 5, demographic characteristics of age, sex, and pain duration 

were added. The unstandardized beta estimates of the fatigue predictor in Model 5 was the 

primary outcome of interest as it represented the estimated unit change in pain interference 

for each unit change in fatigue after controlling for pain intensity, sleep disturbance, 

depression, psychological distress, and demographic factors.

The second aim of the study was to test whether the five fatigue subtypes differentially 

predicted pain interference. To do this, three hierarchical linear regression models were 

computed. In Model 1, pain interference was predicted from each of the five fatigue 

subtypes simultaneously. Model 2 tested if adding depression, psychological distress, pain 

intensity, and sleep disturbance changed the findings of Model 1. Model 3 added 

demographic variables of age, sex, and pain duration to Model 2 to examine if the fatigue 

subtypes predicted interference above and beyond clinical and demographic variables.

Because of the large sample size, p-values were not useful in determining significance, as 

even very small differences were statistically significant. Thus, adjusted R-squared values 

were computed for each model to represent the total amount of variance in pain interference 

explained by all predictors in the model. Additionally, partial eta squared (η2) was computed 

as a measure of effect size for all predictors. Partial eta square measured the unique variance 

in the outcome (i.e., pain interference) that was accounted for by a predictor after the effects 

of all other predictors were partialled out. Further, 95% confidence intervals were computed 

for all effects. Analyses were conducted using SPSS version 22 software.

Results

Missing Data

Data from 2,133 eligible patients were extracted for the study. After removing outliers and 

implausible values due to data entry errors (for example, a score of greater than 10 on a 1-10 

scale), there were a total of 2,133 people with valid fatigue data (no missing data), 2,091 
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people with valid pain intensity data (n = 42 missing), 2,112 with valid depression and 

psychological distress data (n = 21 missing), and 2,104 with valid sleep disturbance data (n 

=29 missing).

Descriptive Statistics and Bivariate Correlations among Study Variables

Table 1 reveals that the most common diagnoses were muscle-related, followed by joint and 

nerve-related pain. As a whole, the sample was largely female (85.9%), married (61.2%), 

and employed (58.5%). Average age of the sample was 41.06 years (SD = 14.24). Average 

pain duration at the time of the initial consultation was 67.35 months (SD = 89.97). The 

sample reported mild to moderate levels of fatigue and sleep disturbances and moderate 

levels of pain intensity, depression, and psychological distress. Table 2 reveals that fatigue, 

pain intensity, and measures of psychological illbeing were moderately to strongly positively 

correlated with each other.

Associations among Fatigue and Pain Interference

Fatigue has been independently shown to mediate the relationships between pain intensity, 

sleep disturbance, depression, and psychological distress on pain interference, but it is 

unknown if fatigue predicts pain interference above and beyond these relationships. Table 3 

reveals that as a unitary predictor, fatigue accounted for 22% of variance in pain interference 

(Model 1). After accounting for pain intensity, fatigue still accounted for 12% of variance in 

pain interference (Model 2). After additionally accounting for sleep disturbance, fatigue 

accounted for 9% of variance in pain interference (Model 3). Finally, after accounting for the 

aforementioned variables as well as depression, psychological distress, and demographic 

variables, fatigue accounted for a small but significant 1% of unique variance in pain 

interference (Models 4 and 5). Betas (B) indicate the unadjusted amount of change in pain 

interference for each unit change in the predictor. In Model 5, a one unit increase in total 

fatigue was associated with a .70 unit increase in pain interference.

Associations of Fatigue Subtypes on Pain Interference

A secondary aim of the project was to test whether fatigue subtypes were differentially 

associated with pain interference. Table 4 reveals that emotional fatigue, physical fatigue, 

and vigor each explained unique variance in pain interference (Model 1). For example, each 

unit increase in vigor was associated with a 5.05 point decrease in pain interference. After 

controlling for depression, psychological distress, sleep disturbance, and pain intensity, only 

physical fatigue and vigor remained significant predictors of pain interference (Model 2). 

After additionally controlling for demographic factors, physical fatigue was significantly 

associated with higher pain interference and vigor with lower pain interference (Model 3).

Discussion

The current study found that fatigue significantly predicted variance in pain interference that 

was not accounted for by pain intensity, sleep disturbance, depression, psychological 

distress, age, sex, or pain duration. Similarly, the fatigue subtypes of vigor and physical 

fatigue significantly predicted variance in pain interference after controlling for the 

aforementioned psychological and demographic variables.
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These findings replicate and extend those in the literature. Fatigue positively correlated with 

pain intensity in the current study (r =.38), replicating previously reported correlations 

between fatigue and pain intensity in orofacial pain samples(r’s = .23-.42) [4-5]. These 

correlations suggest that dealing with chronic pain requires energy. Routine daily activities 

like getting out of bed, cleaning the house, or scheduling social activities may feel 

burdensome when one is in pain [27-28], and these tasks may become more fatiguing as pain 

becomes more intense [21]. Despite the interrelationships between fatigue and pain intensity, 

this study adds to the literature by showing that they each uniquely predict pain interference. 

In the current study, pain intensity explained 20% of variance in pain interference that was 

not accounted for by fatigue, and fatigue explained 12% of variance in pain interference that 

was not accounted for by pain intensity. Together, they explained 38% of variance in pain 

interference. Adding other psychological and demographic variables did little in explaining 

pain interference, as evidenced by the fact that Model 5 (with all psychological and 

demographic variables) explained 40% of the variance in pain interference - only 2% more 

than fatigue and pain intensity alone.

Chronic pain disorders are often comorbid with sleep disorders [29-30]. In fact, poor sleep is 

one of the most common symptoms reported by chronic pain patients [31-33]. The current 

study found that poor self-reported sleep had a moderate positive correlation with fatigue 

(r=.47). However, fatigue predicted pain interference above and beyond self-reported sleep 

quality. The extent to which sleep contributes to feelings of fatigue remains an open 

question, and one that should be explored in future research. In some conditions like chronic 

fatigue syndrome, sleep has little effect on feelings of fatigue [34]. Other studies have found 

that sleep improvements improve pain outcomes in chronic pain populations [35], but it may 

be that such interventions would have a stronger effect if they not only improved sleep, but 

also if they reduced fatigue or increased vigor.

The associations between depression and chronic pain are well-established [36]. Fatigue can 

be one of the clinical symptoms of depression, and serves as a mediator through which 

depression and psychological distress influence pain interference [5-6]. The fact that fatigue 

remained a significant predictor of pain interference after controlling for physiological (pain 

intensity), biological (sleep), and psychological (depression, psychological distress) 

variables highlights the multidimensional nature of fatigue. Earlier beliefs that humans are 

akin to batteries which become depleted with use and recharged with rest are giving way to a 

more nuanced understanding of what fatigue is and how it functions [37]. Fatigue is not 

entirely a biological phenomenon that occurs when a particular biological substrate is 

depleted, nor is it entirely a psychological effect of reduced motivation. Instead, fatigue may 

be a biopsychosocial phenomenon similar to an emotion that is influenced by a multitude of 

biological and psychological substrates [38].

An exploration of the nuanced, multidimensional understanding of fatigue was the second 

aim of the study. General, emotional, physical, and mental fatigue, as well as vigor predicted 

pain interference to different degrees, suggesting that not all fatigue is created equal. Only 

physical fatigue and vigor remained significant after controlling for all other variables in the 

model. The fact that physical fatigue remained a potent predictor of pain interference 

suggests that people who endorsed feeling “weak” or “heavy” were less likely to report 
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partaking in social, recreational, or occupational activities in the face of pain. In contrast, 

vigor- or feeling lively and full of energy- was associated with less pain interference. Vigor 

is not mutually exclusive with fatigue. A runner at the home stretch of a marathon may 

simultaneously feel fatigue and vigor, for example. Future work should expand on the 

theoretical distinctions between physical fatigue and vigor. Multi-faceted interventions that 

not only reduce physical fatigue but also increase vigor may prove to be most effective for 

managing pain interference.

Other types of fatigue aside from those examined in the current study have also been 

posited. In psychology, much attention is paid to self-regulatory fatigue, defined as fatigue in 

the ability to override dominant responses [39]. Self-regulatory fatigue explains why dieters 

give in to eating unhealthy foods, or why recovering drug addicts sometimes relapse in the 

presence of an addictive substance, along with a multitude of other behaviors [40]. In the 

context of pain, the dominant response is to try and make the pain go away, be it by resting 

in a dark room, canceling social appointments, or calling in sick from work. Adaptively 

maintaining functioning in the face of pain draws on self-regulatory ability, and over time, 

results in self-regulatory fatigue [41]. Compelling research shows that chronic pain patients 

are in a state of constant self-regulatory fatigue [42]. How self-regulatory fatigue interacts 

with the other subtypes of fatigue represents an important area of future research, and one 

that remains critically understudied.

The findings from the current study have important clinical implications. For one, they 

highlight the value of assessing for fatigue in chronic orofacial pain populations. If a patient 

states that they constantly feel tired, it may be important to distinguish physical fatigue from 

emotional or other types of fatigue. This can be accomplished by asking the patient to 

complete the MFSI-SF or other fatigue inventories that assess specific fatigue subtypes. If a 

patient reports mental fatigue, positive activities that increase feelings of mental rejuvenation 

like reading a book or watching a movie may be merited; on the contrary, if a patient reports 

physical fatigue, other interventions might be more applicable. For instance, there are good 

psychological interventions that have empirical support for improving physical fatigue 

symptoms [43]. If fatigue presents as a significant problem, patients can be referred to a 

psychologist specializing in these interventions, or to a physical therapist with expertise in 

establishing exercise regiments for chronic pain patients [44].

The current study is not without limitations. The major limitation of the study is that data 

were cross-sectional. As such, causal claims cannot be made. Alternate theoretical models 

from the ones postulated are possible. For example, pain interference may be the cause 

instead of the consequence of fatigue. Longitudinal data are needed to clarify the temporal 

and causal associations among variables. Another limitation is that data were collected 

during the first appointment at a pain clinic, and patients may have over-reported symptoms 

to ensure that the dentists adequately appreciated their distress. Third is that the data were all 

from self-report measures. However, pain and fatigue are inherently subjective; they are real 

only to the extent that patients perceive them to be real. Finally, the study is limited by the 

fact that the sample was largely female and may not generalize to males; it may also not 

generalize to pain conditions aside from chronic orofacial pain.
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Despite these weaknesses, the current study has several strengths. It is the largest study to 

date to examine the associations between fatigue, pain intensity, and pain interference in 

chronic orofacial pain patients. It is also one of the few studies to examine fatigue subtypes 

as they pertain to pain interference. The sample contained a wide array of disorders, 

including muscle, joint, neuropathic, and neurovascular conditions, allowing results to 

generalize to multiple orofacial pain conditions. The strength of the study is also in that it 

highlights avenues for future research in fatigue and chronic orofacial pain. Specifically, 

future research should examine whether fatigue subtypes can be used clinically to 

personalize treatment. Future research should also examine if the associations of fatigue and 

pain interference remain consistent over time and throughout the course of the pain disorder. 

Finally, the findings from the current study underscore that different types of fatigue have 

different associations with pain interference; that is, not all fatigue is created equal.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Primary Diagnoses and Descriptive Statistics of the Sample.

Total Sample Muscle Pain TMJ Pain Neuropathic Pain Headache Pain Dento-Al. Pain Other Pain

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

n 2,133 1,072 743 119 66 24 109

% Female 85.9% 87.6% 86.7% 74.8% 84.8% 87.5% 76.1%

% Employed 58.5% 57.7% 64.7% 36.4% 59.4% 54.5% 49.5%

% Married 61.2% 62.9% 61.0% 68.6% 65.6% 52.2% 70.5%

Age 41.06 (14.24) 41.23 (13.61) 38.98 (14.99) 49.99 (13.10) 38.09 (11.23) 43.63 (11.09) 44.96 (13.91)

Pain Duration (months) 67.35 (89.97) 72.43 (91.64) 60.27 (85.46) 54.50 (72.10) 94.87 (105.25) 59.39 (102.28) 69.59 (105.29)

Pain Intensity 51.12 (25.14) 53.31 (23.16) 45.90 (24.35) 61.21 (25.19) 58.92 (21.73) 54.08 (21.68) 48.93 (25.38)

Sleep Disturbance 1.56 (0.88) 1.66 (0.88) 1.42 (0.85) 1.61 (0.93) 1.82 (0.86) 1.38 (0.92) 1.49 (0.81)

Depression 57.47 (11.14) 58.57 (11.05) 55.03 (10.52) 59.08 (11.63) 62.97 (9.45) 56.75 (11.45) 58.15 (13.08)

Psychological Distress 58.40 (11.29) 59.86 (11.07) 55.62 (10.72) 59.29 (11.54) 64.03 (9.44) 56.17 (13.84) 58.95 (13.26)

Pain Interference 36.98 (17.69) 38.95 (17.15) 30.87 (16.66) 45.20 (15.82) 51.02 (14.18) 37.11 (18.25) 41.52 (19.36)

Total Fatigue 3.77 (4.07) 4.43 (4.14) 2.60 (3.61) 4.04 (4.21) 5.67 (4.02) 3.68 (3.32) 3.76 (4.43)

  General Fatigue 1.92 (1.21) 2.07 (1.20) 1.68 (1.17) 1.87 (1.25) 2.40 (1.08) 2.06 (1.26) 1.89 (1.22)

  Mental Fatigue 1.06 (0.97) 1.17 (1.01) 0.87 (0.84) 1.12 (1.04) 1.41 (1.04) 0.95 (0.73) 1.11 (1.10)

  Emotional Fatigue 1.22 (1.01) 1.35 (1.04) 0.96 (0.88) 1.33 (1.08) 1.63 (1.11) 1.29 (1.09) 1.26 (1.10)

  Physical Fatigue 1.15 (0.99) 1.33 (1.03) 0.88 (0.88) 1.10 (1.01) 1.41 (0.97) 0.87 (0.96) 1.07 (0.94)

  Vigor 1.58 (0.87) 1.48 (0.85) 1.79 (0.87) 1.39 (0.83) 1.18 (0.71) 1.49 (0.86) 1.57 (0.88)

Notes: TMJ = temporomandibular joint; Dento-Al. = dento-alveolar
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Table 3

Hierarchical Linear Regression Predicting Pain Interference from Total Fatigue.

Predictors B SE 95% C.I. η 2 p F Adj. R2

Model 1: <.001 506.40 .22

Total Fatigue 2.01 0.09 [1.83, 2.18] .22 <.001

Model 2: <.001 562.61 .38

Pain Intensity 0.32 0.01 [0.29, 0.34] .20 <.001

Total Fatigue 1.23 0.09 [1.12, 1.46] .12 <.001

Model 3: <.001 377.88 .38

Sleep Disturbance 1.00 0.42 [0.17, 1.83] .002 .02

Pain Intensity 0.31 0.02 [0.28, 0.34] .19 <.001

Total Fatigue 1.21 0.09 [1.02, 1.39] .09 <.001

Model 4: <.001 234.83 .39

Depression 0.21 0.07 [0.07, 0.35] .01 .003

Psychological Distress 0.03 0.07 [−0.12, 0.18] >.001 .69

Sleep Disturbance 0.97 0.42 [0.13, 1.80] .002 .02

Pain Intensity 0.31 0.02 [0.27, 0.33] .19 <.001

Total Fatigue 0.69 0.14 [0.41, 0.97] .01 <.001

Model 5: <.001 151.56 .40

Age 0.11 0.02 [0.06, 0.15] .01 <.001

Gender 0.16 0.92 [−1.65, 1.96] >.001 .87

Pain Duration 0.00 0.00 [−0.00, 0.01] .001 .33

Depression 0.19 0.07 [0.05, 0.33] .004 .01

Psychological Distress 0.03 0.07 [−0.11, 0.18] >.001 .66

Sleep Disturbance 1.05 0.42 [0.23, 1.88] .003 .01

Pain Intensity 0.31 0.02 [0.28, 0.34] .20 <.001

Total Fatigue 0.70 0.14 [0.42, 0.98] .01 <.001

NOTES: Model 1 df = 1, 1,831; Model 2 df = 2, 1,831; Model 3 df = 3, 1,831; Model 4 df = 5, 1,831, Model 5 df = 8, 1,831
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Table 4

Hierarchical Linear Regression Predicting Pain Interference from Fatigue Subtypes.

Predictors B SE 95% C.I. η 2 p F Adj. R2

Model 1: <.001 115.22 .24

General Fatigue 0.02 0.44 [−0.84, 0.87] >.001 .97

Mental Fatigue 0.92 0.53 [−0.13, 1.96] .004 .08

Emotional Fatigue 1.58 0.53 [0.55, 2.62] .003 .003

Physical Fatigue 3.82 0.52 [2.80, 4.84] .03 <.001

Vigor −5.05 0.51 [−6.05, −4.05] .05 <.001

Model 2: <.001 137.77 .40

Depression 0.24 0.07 [0.09, 0.38] .01 .001

Psychological Distress 0.03 0.08 [−0.12, 0.18] >.001 .65

Sleep Disturbance 0.75 0.43 [−0.09, 1.59] .001 .08

Pain Intensity 0.30 0.02 [0.27, 0.33] .19 <.001

General Fatigue −0.79 0.40 [−1.58, −0.01] .001 .05

Mental Fatigue 0.73 0.49 [−0.22, 1.69] .002 .13

Emotional Fatigue −0.62 0.53 [−1.66, 0.43] .001 .25

Physical Fatigue 1.96 0.48 [1.02, 2.91] .01 >.001

Vigor −3.18 0.47 [−4.12, −2.25] .02 >.001

Model 3: <.001 106.30 .41

Age 0.10 0.02 [0.06, 0.14] .01 <.001

Gender 0.56 0.92 [−1.24, 2.37] >.001 .54

Pain Duration 0.00 0.00 [−0.00, 0.01] .001 .33

Depression 0.21 0.08 [0.06, 0.35] .004 .01

Psychological Distress 0.05 0.08 [−0.10, 0.20] >.001 .50

Sleep Disturbance 0.80 0.43 [−0.03, 1.64] .002 .06

Pain Intensity 0.30 0.02 [0.27, 0.33] .19 <.001

General Fatigue −0.60 0.41 [−1.40, 0.20] .001 .14

Mental Fatigue 0.64 0.49 [−0.31, 1.60] .001 .19

Emotional Fatigue −0.56 0.53 [−1.61, 0.49] .001 .29

Physical Fatigue 1.70 0.48 [0.75, 2.65] .01 <.001

Vigor −3.24 0.47 [−4.17, −2.32] .03 <.001

NOTES: Model 1 df = 5, 1,831; Model 2 df = 9, 1,831; Model 3 df = 12, 1,831
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