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Abstract

Objective—Fibromyalgia is a condition characterized by chronic widespread muscle pain and 

fatigue. The primary objective of this study was to determine if pain, perceived cognitive fatigue, 

and perceived physical fatigue were enhanced in participants with fibromyalgia compared to 

healthy controls during a cognitive fatigue task, a physical fatigue task and a dual fatigue task.

Methods—Twenty four people with fibromyalgia and 33 healthy controls completed pain, 

fatigue and function measures. A cognitive fatigue task (Controlled Oral Word Association Test) 

and physical fatigue task (Valpar peg test) were done individually and combined for a dual fatigue 

task. Resting pain, perceived cognitive fatigue and perceived physical fatigue were assessed 

during each task using visual analogue scales. Function was assessed with shoulder range of 

motion and grip.

Results—People with fibromyalgia had significantly higher increases in pain, cognitive fatigue 

and physical fatigue when compared to healthy controls after completion of a cognitive fatigue 

task, a physical fatigue task, or a dual fatigue task (p<0.01). People with fibromyalgia performed 

equivalently on measures of physical performance and cognitive performance on the physical and 

cognitive fatigue tasks, respectively.

Conclusions—These data show that people with fibromyalgia show larger increases in pain, 

perceived cognitive fatigue and perceived physical fatigue to both cognitive and physical fatigue 

tasks compared to healthy controls. The increases in pain and fatigue during cognitive and 

physical fatigue tasks could influence subject participation in daily activities and rehabilitation.

Fibromyalgia affects 4-10% of the US population affecting 3.4% of women and 0.5% of 

men in the US (1). The 1990 American College of Rheumatology diagnostic criteria for 

fibromyalgia includes chronic widespread pain on both sides of the body and above and 

below the waist as well as pain in 11 of 18 specified sites (tender points) with digital 

palpation (2). Fatigue is an extremely common symptom in fibromyalgia with up to 100% of 

people with fibromyalgia reporting fatigue and is greater in severity compared to other 

arthritic conditions (3). Fatigue, as described clinically, is a subjective experience and may 
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have both physical and cognitive components that are related yet distinct (4). While the pain 

associated with fibromyalgia contributes to significantly reduced function, the relationship 

between pain, fatigue and function is currently not well understood.

Muscle fatigue has been previously measured in people with fibromyalgia using a variety of 

techniques. In general prior studies have examined static contractions of a single muscle in 

the upper extremity or the lower extremity, or a bicycle exercise task. Voluntary muscle 

strength and endurance are decreased in people with fibromyalgia (5-9). When compared to 

sedentary controls, the majority of studies show no differences in peripheral or central 

fatigue indices for a variety of muscle types (5, 9, 10). However, when compared to healthy 

controls, one study showed altered motor recruitment during voluntary contraction of the 

biceps muscle in people with fibromyalgia (11), and two showed greater superimposed 

twitches during quadriceps contraction in people with fibromyalgia (8, 12). On the other 

hand, people with fibromyalgia rate their perceived fatigue and exertion significantly higher 

before and during exercise tasks (bicycle task or single muscle contractions) compared to 

healthy controls (6, 10). People with fibromyalgia typically describe fatigue as an overall 

feeling of tiredness or exhaustion, fatigue while completing functional tasks (e.g. folding 

laundry, drying hair or getting dressed), decreased attention, sleepiness, or feeling of 

heaviness. Thus, examination of perceived physical fatigue in response to a functional task 

is multifactorial and may be distinctly different from responses to a fatiguing exercise task 

using a single muscle, or direct measures of muscle fatigue mechanisms.

Perceived cognitive fatigue is distinctly different from perceived physical fatigue. Perceived 

cognitive fatigue is a subjective self-report of cognitive fatigue often measured using a 

visual analog scale. Perceived cognitive fatigue is different from cognitive dyscognition (13) 

occurring when there is decreased performance during an acute task requiring sustained 

mental effort. Cognitive performance is measured by verbal fluency, memory, 

concentration, automatic processing (13, 14), and is commonly decreased in people with 

fibromyalgia (15). ‘Fibro fog” is a subjective report of cognitive difficulties such as mental 

confusion, memory difficulties, memory decline or speech difficulties (13, 15, 16) and could 

reflect both cognitive fatigue and/or cognitive performance. Performing both a physical and 

a cognitive fatigue task simultaneously exacerbates both physical and cognitive performance 

when done as individual tasks in people with neurological diseases, i.e. stroke, multiple 

sclerosis and Parkinson's (17, 18). However, it is unclear if a decrease in performance is 

observed in people with fibromyalgia during a dual fatigue task, and if there are alterations 

in cognitive fatigue in people with fibromyalgia.

The primary objective of this study was to determine if pain, perceived cognitive fatigue, 

and perceived physical fatigue were enhanced in participants with fibromyalgia compared to 

healthy controls during a cognitive fatigue task, a physical fatigue task and a dual fatigue 

task. We tested the following hypotheses: 1) perceived cognitive and physical fatigue are 

enhanced during a cognitive fatigue task, physical fatigue task and dual fatigue task in 

people with fibromyalgia compared to healthy controls and 2) physical and/or cognitive 

fatigue tasks will result in greater pain and worse function in people with fibromyalgia 

compared to healthy controls.
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Methods

Subjects

Following approval by the Institutional Review Board at the University of Iowa, healthy 

controls and people with fibromyalgia were recruited through the University of Iowa. 

Inclusion criteria were ages 18-86, able to reach overhead, able to stand for at least 5 

minutes, and no history of shoulder injury or surgery. Additional inclusion criteria for the 

people with fibromyalgia included diagnosis of fibromyalgia as described by the 1990 

American College of Rheumatology (2). Criteria for exclusion were: uncontrolled 

hypertension, active inflammatory condition, cognitive deficits, shoulder injury or surgery, 

unable to reach overhead, pregnancy, or unable to stand for at least 5 minutes. In the current 

study 24 people with fibromyalgia (FM)(23 female, 1 male) aged 25-72 (female mean 51.87, 

SD11.11; male 65) and 33 healthy controls (HC) (33 female, 1 male) aged 25-77 years 

(female mean 45.03, SD 14.62, male 47) participated in the study.

Results for the participant's clinical characteristics and demographics are presented in Table 

1. To assist in the clinical presentation of the people with fibromyalgia in comparison to 

healthy controls, the following questionnaires were completed: 1) Mini-Mental State Exam 

(MMSE): The mini mental state exam is an 11-item measure of cognitive function. Test-

retest reliability for the MMSE is r=0.64 to 0.85 (19). 2) Fibromyalgia Impact 

Questionnaire (FIQ): The FIQ was used to measure the subject's ability to complete 

functional tasks at home, work and social areas of life. The test-retest reliability for the FIQ 

is r=0.56-0.92 (20). 3) Center for Epidemiological Studies – Depression (CES-D): The CES-

D is a 20 item self-report scale regarding the symptoms of depression in the last week. The 

CES-D has been shown to be a reliable measure of depressive symptom with high internal 

consistency with Cronbach's alpha 0.85-0.90 (21). 4) Multidimensional Assessment of 

Fatigue (MAF): The MAF is a 16-item self-report measure of fatigue that includes degree 

and severity, distress, timing-and impact on various activities of daily living. The MAF has 

been shown to have internal consistency r=0.93 (22). 5) Modified Fatigue Impact Scale 

(MFIS): This 21-item instrument provides an assessment of the effects of fatigue on the 

person and includes physical, cognitive, and psychosocial domains. Test retest reliability is 

0.72-0.93 (23).

Fatigue Tasks

Cognitive fatigue task (CFT)—Controlled Oral Word Association Test (COWAT) was 

used to induce cognitive fatigue. The COWAT is a verbal fluency test. Participants are 

typically required to verbally generate as many words as possible in one minute for a given 

letter. Generally words are clustered in 3 letter sets (CFL, PRW or FAS), with letters given 

in three discrete trials, for a total of 3 minutes. For this study, the COWAT was modified to 

last 18 minutes to induce cognitive fatigue and match the average time for completion of the 

physical fatigue task. The subjects completed word listing for eighteen letters, constituting 

18 trials, for a total of 18 minutes with the three letter sets repeated twice. The order of 

letters was as follows: C, F, L, P, R, W, F, A, S. The participant was instructed not to use 

words that were proper names or repeat words within each trial. The COWAT has test-retest 

reliability for total word score is r=0.84 and validity is 0.6 to 0.4 for scoring of clusters, and 
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switch scores (24). For the purposes of our study, we scored the COWAT using the total 

number of words over the entire 18 minute time period.

Physical fatigue task (PFT)—The physical fatigue task involved an upper extremity task 

utilizing the Valpar component work sample 9 whole body range of motion work panels and 

pegs (Valpar International, Figure 1). Each panel has 22 pegs and 3 shapes. The heights of 

the panel are adjusted so that the subject must reach 4 to 6″ above his/her head height for 

transfer 1. The physical task was divided into two segments: 1) transferring pegs and shapes 

from shoulder height to overhead and 2) transferring pegs and shapes overhead to waist 

height. The subject utilized the dominant arm for the peg activity. The non-dominant arm 

was allowed to assist in moving the shapes or stabilize the panel. The subject was instructed 

to complete the task as fast as comfortable with the order of pegs from the black triangle, 

white square and red kidney. The ability to perform the physical fatigue task was assessed 

by the time to complete transfer one (shoulder height to overhead) and transfer two 

(overhead to waist height) and total time for both transfers.

Dual fatigue task (DFT)—The dual fatigue task involved a combined (dual) cognitive 

fatigue task and physical fatigue task completed at the same time as described above. The 

DFT was measured by total words and total time for transfer completion. The subject was 

allowed to stop the test if unable to continue due to pain or fatigue.

Outcome Measures

Pain was assessed using a visual analogue scale (VAS) and measured at baseline and after 

each fatigue task for a total of four measurements. The scale consisted of a 10-cm horizontal 

line with anchor descriptors of “no pain” and “worst pain imaginable”. The subject was 

instructed to place a single mark through the continuous line at the appropriate point on the 

scale. Pain VAS has good test-retest reliability with ICC 0.71-0.99 (25).

Perceived cognitive fatigue and perceived physical fatigue were assessed using a 10 cm 

visual analogue scale (VAS). For perceived cognitive fatigue anchors were “no mental 

fatigue” and “worst mental fatigue imaginable”. For perceived physical fatigue anchors were 

“no physical fatigue” and “worst physical fatigue imaginable”. No specific definitions were 

given to the subject for rating cognitive fatigue or physical fatigue. Fatigue VAS has internal 

consistency with Cronbach's alpha 0.91-0.96 (26).

Physical function was measured with 3 tests: 1) physical performance on the fatigue task 

(see above) and was self-paced as fast as comfortable allowing for a measure of 

performance, 2) Range of motion (ROM): Standing active shoulder flexion was measured for 

both shoulders with a goniometer before and after each task for the cognitive fatigue task, 

physical fatigue task and dual fatigue task for a total of six measurements. Shoulder flexion 

range of motion has an inter-rater reliability of 0.69 and r=0.53-0.58 with a standard error of 

measurement of 17 degrees (27). 3) Grip strength: Bilateral grip strength measurements 

(pounds) were taken for both hands with a hand dynamometer at setting 2 (Jamar®) before 

and after the cognitive fatigue task, physical fatigue task and dual fatigue task. For grip 

strength, test-retest reliability is 0.82-0.85 (28).
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Cognitive performance was measured with the COWAT as a single task and as part of the 

dual fatigue task when performed at the same time as the VALPAR. The COWAT was self-

paced allowing for a measure of performance and was measured by total number of words 

completed during each task.

Protocol

Each session began by obtaining consent, completing questionnaires, and measuring height 

and weight. Visual analogue scales were completed for pain, cognitive fatigue and physical 

fatigue at baseline before starting the tasks and repeated after each task. Subjects were then 

randomized to a testing order by selecting one of two testing orders for the three fatigue 

tasks. The testing order was selected by pulling a slip of paper of testing out of an envelope, 

each containing one of the two testing orders. Fatigue task testing orders were: 1) 

CFT/PFT/DFT (11 FM, 16HC) or (2) PFT/CFT/DFT. (13FM, 18 HC). Pre- and post-task 

measurements were taken for grip strength and ROM. A 10 minute rest was given between 

each fatigue task.

Statistical Analysis

Descriptive statistics (mean, standard error) were determined for each study variable. 

Normality of data was confirmed with Kolmogorov-Smirnov goodness of fit test (p< 0.05). 

Clinical characteristics and demographics are reported in Table 1. For normally distributed 

data, t-tests compared differences in demographic data between groups (age, BMI, MMSE, 

FIQ, CES-D, MAF, and MFIS). Because of multiple comparisons, p<0.01 was considered 

statistically significant. We therefore controlled for BMI and depression (CES-D) in the 

subsequent analysis as they had a p<0.01 but not for age as the p=0.02. For demographic 

data (nonparametric) presented as percent of the population a Mann-Whitney U Test for 

differences between groups was completed.

For outcome measures (pain, fatigue, grip and range of motion), data are represented as the 

mean ± standard error of mean (S.E.M) and 95% confidence intervals (CI). Summary data 

for measures before and after completion of each fatigue task for both healthy controls and 

people with fibromyalgia are shown in Table 2. Difference scores between baseline and after 

each fatigue tasks were calculated for each outcome measure. These difference scores are 

shown in Figure 2 for healthy controls and people with fibromyalgia. Since all subjects 

performed each fatigue task, differences between groups were analyzed using the difference 

scores with a repeated measures analysis of covariance (ANCOVA) for each individual 

outcome measure (pain, fatigue, grip and range of motion) controlling for baseline values, 

BMI, and depression. Post-hoc testing with t-tests examined for differences between healthy 

controls and people with fibromyalgia for each outcome measure at baseline, after fatigue 

task and difference scores.

Cognitive fatigue task performance was based on total number of words during the CFT or 

DFT. Physical fatigue task performance was based on total time for transfer of pegs during 

the PFT or DFT. Fatigue task performance (cognitive, physical, dual fatigue tasks) in 

individuals with fibromyalgia and healthy controls were compared using a general linear 

model multivariate analysis with covariates of BMI and depression (Table 3). Percent 
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decrement in cognitive and physical performance (single task-dual task)/single task was 

calculated and compared between fibromyalgia and healthy controls with a multivariate 

analysis with covariates of BMI and depression (Table 4).

Results

Demographics and subject characteristics are presented in Table 1. People with fibromyalgia 

showed a greater BMI and more depression than healthy controls. As expected, they had 

higher scores on the FIQ and fatigue questionnaires. Baseline pain, fatigue and function are 

presented in Table 2 and show that those with fibromyalgia had greater pain and fatigue 

ratings compared with healthy controls (p<0.01). However, grip strength and range of 

motion were not different between the groups. Overall there were group differences for pain 

(F1,52=34.6, p=0.0001), cognitive fatigue (F1,52=9.9, p=0.003), and physical fatigue 

(F1,52=30.6, p=0.001).

Cognitive Fatigue Task

During the cognitive fatigue task there was a significant increase in pain and physical 

fatigue, as measured with VAS, for people with fibromyalgia compared to healthy controls 

(Table 3). People with fibromyalgia showed an increase in pain of 1.13 ± 0.42 cm compared 

to -0.19 ± 0.20 cm for healthy controls (p=0.0001). Perceived cognitive fatigue during the 

cognitive fatigue task by 2.34 ± 0.49 cm in people with fibromyalgia which was similar to 

healthy controls (1.41± 0.42 cm, p=0.16). Perceived physical fatigue significantly increased 

during the cognitive fatigue task by 1.71 ± 0.41 cm compared to 0.048 ± 0.23 cm for healthy 

controls (p=0.0001). However, functional outcome measures (grip, range of motion) were 

unchanged by the cognitive fatigue task. Further the two groups did not differ in their ability 

to perform the CFT (Tables 2,3).

Physical Fatigue Task

During the physical fatigue task there was a significantly greater increase in pain, cognitive 

fatigue, and physical fatigue, measured by VAS, for people with fibromyalgia when 

compared to healthy controls (Table 2, Figure 2). People with fibromyalgia had a 

significantly greater increase in pain of 3.01 ± 0.36 cm compared to 0.65 ± 0.23 cm in 

healthy controls (p=0.0001). During the physical fatigue task, perceived cognitive fatigue 

increased 1.71 ± 0.48 cm in people with fibromyalgia compared to -0.43 ± 0.22 in the 

healthy controls (p=0.001), and perceived physical fatigue increased by 3.41 ± 0.41 cm in 

people with fibromyalgia 1.16 ± 0.37 cm in healthy controls (p=0.0001).

The functional outcome measures, grip and shoulder range of motion, and performance on 

the physical fatigue task were unchanged after the physical fatigue task. Total transfer time 

for was not significantly different in people with fibromyalgia (980.91 ± 50.81 s) compared 

to the healthy control group (860.69 ± 22.39 s) (p=0.09).

Dual Fatigue Task

Pain during the dual fatigue task demonstrated results similar to the single physical fatigue 

tasks with an increase of 2.60 ± 0.44 cm in the fibromyalgia group compared to 0.54 ± 0.17 
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cm in the healthy controls (p=0.0001). Perceived cognitive fatigue during the dual fatigue 

task demonstrated results similar to the single cognitive fatigue task with an increase of 2.48 

± 0.47 cm for people with fibromyalgia compared to 0.98 ± 0.33 cm for healthy controls 

(p=0.01). Perceived physical fatigue during the dual fatigue task demonstrated similar 

results to the single physical fatigue task with an increase of 3.40 ± 0.45 cm for people with 

fibromyalgia compared to 0.77 ± 0.28 cm for healthy controls (p=0.0001). Shoulder range of 

motion and grip during the dual fatigue task was not different between groups (Table 2). 

There was no significant difference in cognitive performance or physical performance in the 

dual fatigue task between people with fibromyalgia and healthy controls. Performance on 

the dual task was significantly diminished compared to the single task performance for 

fibromyalgia and healthy control groups for both cognitive and physical performance. 

Specifically, all subjects performed less well during the dual task with overall transfer time 

(p=0.01, paired t-test) (Table 3). However, a comparison of the magnitude of change in the 

dual task between participants with fibromyalgia and healthy controls was not significantly 

different (Table 4).

Discussion

The current study shows a physical fatigue task produces a significantly larger increase in 

both perceived physical and cognitive fatigue in people with fibromyalgia when compared 

to healthy controls. Conversely a cognitive fatigue task produces a significantly larger 

increase in perceived physical fatigue in people with fibromyalgia when compared to 

healthy controls. We further show that both physical and cognitive fatigue tasks produce a 

significantly greater increase in pain in people with fibromyalgia when compared to healthy 

controls. These data suggest an interaction between pain and fatigue such that that 

individuals with chronic pain show enhanced fatigue to both physical and cognitive tasks, 

that the physical and cognitive fatigue tasks can increase pain.

The physical fatigue task (VALPAR) used in the current study involved multiple upper 

extremity joints in order to simulate a functional activity. This physical fatigue task would 

be similar to screwing in a light bulb, or reaching for dishes in a cupboard. While not 

previously used as a fatigue task, we show increases in perceived physical fatigue in healthy 

controls and those with fibromyalgia validating the task. Previous physical fatigue tasks in 

people with fibromyalgia show significant deficits in overall strength and endurance during 

single-joint tasks (5, 7-9, 12, 29). These studies have shown mixed results in muscle fatigue 

measures with some showing no changes in peripheral or central muscle fatigue indices, and 

some indicating deficits in central fatigue (5, 8-11). Interestingly, examination of EMG 

responses of the biceps muscle between healthy controls and fibromyalgia revealed changes 

consistent with muscle remodeling to a larger population of fatigue-resistant type I fibers 

(11) consistent with a sedentary population. Thus, muscle fatigue in people with 

fibromyalgia may have a central component but this is likely dependent on the task 

performed, the muscle examined, or muscle fiber type.

Prior studies show that perceived fatigue in people with fibromyalgia is increased in 

response to a physical task when compared to healthy controls (10, 30). The current study 

extended these prior findings by separately examining perceived cognitive and physical 
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fatigue and showing significant increases in both fatigue measures in response to the 

physical fatigue task. Similarly, in people with chronic fatigue syndrome, a physical fatigue 

task (bicycling) significantly increased both perceived physical fatigue and perceived 

cognitive fatigue (31). People with central nervous system diseases such as multiple 

sclerosis, Parkinson's, stroke and traumatic brain injury, also show significant increases in 

both physical and perceived cognitive fatigue with a physical fatigue task (walking) (32-34). 

Thus, in people with conditions associated with fatigue, a physical fatiguing task enhances 

both physical and perceived cognitive fatigue.

Previous studies show that a single bout of exercise increases pain in people with 

fibromyalgia (6, 35). Our study similarly showed increases in pain with physical activity in 

people with fibromyalgia – these increases were 3/10 points on a VAS. The underlying 

mechanisms for this may relate to interactions in central nervous system pathways that 

mediate both motor and pain responses. Animal studies show that combining a fatiguing 

exercise task with a low-dose muscle insult enhances measures of hyperalgesia (pain-like 

behaviors) (36, 37) through activation of neurons in the caudal raphe nuclei of the brainstem 

(36). Basic research also shows that systemic increases in pro-inflammatory cytokines can 

initiate fatigue, and in parallel increase expression of pro-inflammatory cytokines (38). In a 

mouse model of chronic fatigue syndrome there is increased expression of cytokines in the 

central nervous system, both in the cortex and brainstem (39). People with fibromyalgia 

clearly have significant pain, pain with movement, and increases in circulating levels of pro-

inflammatory cytokines (40). Similarly, there are increased levels of pro-inflammatory 

cytokines in other conditions associated with fatigue including multiple sclerosis and 

chronic fatigue syndrome, both of which also have pain (41-43). Thus, it is possible that the 

enhanced fatigue in response to physical fatigue is related to neuro-immune interactions that 

affect brain areas that modulate pain and motor responses.

Increases in pain during physical fatigue would be predicted to reduce functional 

performance. In fact, a recent study showed that pain explains 35-42% of the variance in 

functional performance in people with fibromyalgia (44). Surprisingly, in the current study, 

physical performance measured by grip force, range of motion or transfer time on the 

VALPAR in response to the physical fatigue task was similar in people with fibromyalgia 

compared to healthy controls. This is in direct contrast to prior studies showing reduced 

strength and reduced endurance during exercise tasks (8). However, some studies show 

similar aerobic capacity or maximal voluntary strength in people with fibromyalgia 

compared to healthy controls (5, 30). It is possible that differences between studies are task-

dependent. The current study used a unique task to induce muscle fatigue that is not directly 

comparable to prior studies.

We also show that performing a cognitive fatiguing task increases pain, perceived physical 

fatigue, and perceived cognitive fatigue, in people with fibromyalgia, and that these 

increases are greater compared to healthy controls. Further, we show increases in perceived 

cognitive fatigue during a physical fatigue task in people with fibromyalgia that were greater 

than in healthy controls. Few studies have differentiated between physical and cognitive 

fatigue in fibromyalgia, and none have asked if cognitive fatigue can impact pain, perceived 

physical fatigue, and function. However, studies in other conditions with significant 
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cognitive and mental fatigue have begun to evaluate these interactions. For people with 

chronic fatigue syndrome, physical fatigue increases perceived cognitive fatigue (31). One 

limitation in our study is that we did not screen our subjects for chronic fatigue syndrome, a 

common co-morbidity with fibromyalgia. In people with multiple sclerosis, traumatic brain 

injury, cancer and cognitive fatigue syndrome both cognitive fatiguing tasks and physical 

fatiguing tasks increase perceived cognitive fatigue (33, 45-47).

Despite enhanced cognitive fatigue induced by the COWAT in people with fibromyalgia, 

cognitive performance was similar to healthy controls. While not previously used as a 

fatigue task, we show increases in perceived cognitive fatigue in response to the COWAT 

validating the task. This is in contrast to prior studies that show reduced cognitive 

performance in people with fibromyalgia. Studies examining deficits in cognitive 

performance demonstrate altered working memory, episodic memory, attention, processing 

speed and verbal fluency using sophisticated cognitive function tests (14, 48-50). We 

specifically designed the cognitive task to induce cognitive fatigue. It is our understanding 

that using the COWAT for cognitive fatigue in studies of people with fibromyalgia is a 

novel approach but may also be a limitation in the study.

The impact of cognitive and physical tasks on perceived pain and fatigue has clinical 

implications for guiding the design of activity-based treatment strategies such as exercise 

and pacing. Pain management interventions aimed at decreasing pain and fatigue, 

particularly during activity, could improve participation in regular activities and exercise. 

Cognitive fatiguing tasks such as education or verbal instruction may also increase pain and 

fatigue, both cognitive and physical. Instructions and education may need to be modified by 

giving in shorter intervals, giving written instruction, and giving homework that can be done 

at the patient discretion. Thus, clinicians should be aware of the impact potentially fatiguing 

tasks can have on pain, perceived cognitive fatigue, and perceived physical fatigue and 

modify both physical activity and also cognitive activity accordingly in this population.

In conclusion, these data show that people with fibromyalgia performing a fatiguing task, 

either physical or cognitive, show significant increases in pain and fatigue. Importantly, a 

physical fatigue task increases not only pain and perceived physical fatigue, but also 

perceived cognitive fatigue; conversely a cognitive fatigue task increases pain and perceived 

cognitive fatigue as well as physical fatigue. Despite the increases in pain and fatigue, there 

are no differences in physical or cognitive performance on the fatiguing tasks when 

compared to healthy controls. Thus, clinicians should be aware of the impact of fatiguing 

tasks on patient's disease severity and modify treatment plans to minimize this impact.
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Significance and Innovations

• The current study shows that either a physical or a cognitive fatigue task 

increased both perceived physical and cognitive fatigue to a greater extent in 

people with fibromyalgia when compared to healthy controls.

• People with fibromyalgia show larger increases in pain and fatigue in both 

cognitive and physical fatigue tasks compared to healthy controls.

• Physical performance and cognitive performance was similar between people 

with fibromyalgia and healthy controls.
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Figure 1. Picture of Valpar Peg Task Equipment (VCWS 9, Valpar Whole Body Range of 
Motion, Valpar International Corporation, Tucson, Arizona)
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Figure 2. 
Graphs represent the difference scores for ratings of pain (A), cognitive fatigue (B), and 

physical fatigue (C) for people with fibromyalgia and healthy controls after performing the 

cognitive fatigue task (CFT), physical fatigue task (PFT) or dual fatigue task (DFT). 

Significant differences were observed between people with fibromyalgia and healthy 

controls across all measures and fatigue tasks (*, p<0.01).
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Table 1

Demographics and clinical characteristics (n=57). Demographic information is in percentage of sample. 

Clinical characteristics data mean (M) ± S.E.M.

Demographics2.14

Fibromyalgia (n=24) Healthy Subjects (n=33) P Value

Age (years) female and male 52.41 ± 2.28 45.09 ± 2.50 0.02

Female (% sample) 23 (95.83%) 32 (96.97%) 0.82

Ethnicity (%sample)

 Caucasian 21 (87.50%) 26 (78.79%) 0.39

 Others 3 (12.50%) 7 (21.21%) 0.39

Marital Status (% sample)

 Married/co-habiting 10 (41.67%) 14 (42.42 %) 0.95

 Single/widowed 14 (58.83%) 19 (57.58%) 0.95

Education (% sample)

 High School or less 6 (25.00%) 6 (18.18%) 0.53

 Some college or above 18 (75.00%) 27 (81.82%) 0.53

Income (% sample)

 <$60,000 14 (41.67%) 18 (54.55%) 0.77

 >$60,000 10 (41.67%) 15 (45.45%) 0.77

Fibromyalgia diagnosis (length in years) 983 ± 152 Not Applicable Not Applicable

Clinical Characteristics

BMI 34.21 ± 1.88 26.21 ± 1.26 ≤0.01

CESD 20.58 ± 2.16 6.57 ± 0.98 ≤0.01

FIQ 55.19 ± 2.87 9.70 ± 1.59 ≤0.01

MMSE 28.41 ± 0.26 28.84 ± 0.29 0.30

MAF 65.50 ± 6.44 10.96 ± 1.83 ≤0.01

MFIS 51.70 ± 3.81 11.56 ± 2.01 ≤0.01

BMI=Body Mass Index, CESD=Center for Epidemiological Studies - Depression, FIQ=Fibromyalgia Impact Questionnaire, MMSE=Mini-Mental 
State Exam, MAF=Multidimensional Assessment of Fatigue, MFIS=Modified Fatigue Impact Scale
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