
Oxidative Stress in Fibromyalgia and its Relationship to
Symptoms

Cecilia P. Chung, MD, MPH, Dina Titova, MD, Annette Oeser, BS, Margaret Randels, BS, Ingrid
Avalos, M.D., Ginger L. Milne, Ph.D., Jason D. Morrow, MD, and C. Michael Stein, M.D.
Departments of Medicine (C.P.C., D.T., A.O., M.R.; I.A.; G.L.M.; J.D.M., C.M.S.) and Pharmacology
(G.L.M., J.D.M., C.M.S.) Vanderbilt University School of Medicine, Nashville, TN, USA

Abstract
Objective—Oxidative stress is thought to play a role in the pathogenesis of fibromyalgia. We
examined the hypothesis that oxidative stress was increased in patients with fibromyalgia and related
to the severity of symptoms.

Methods—Urinary F2 isoprostane excretion was measured in 48 patients with fibromyalgia and
compared to those of 96 control subjects. In patients, we examined the association between oxidative
stress and symptoms.

Results—Patients with fibromyalgia were significantly more symptomatic than control subjects,
but urinary F2 isoprostane excretion did not differ significantly (2.3±1.9 vs 2.8±2.2 ng/mg creatinine)
(p=0.16). In patients with fibromyalgia, F2-isoprostane excretion was associated with fatigue VAS
(rho=0.30, p=0.04) but not with pain, quality of life, functional capacity, depression, number of tender
points or overall impact of fibromyalgia.

Conclusion—oxidative stress is not increased in patients with fibromyalgia, but as was previously
found in patients with systemic lupus erythematosus (SLE), oxidative stress was associated with
fatigue.
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Increased oxidative stress results from an imbalance between products of oxidation and
antioxidant defenses. There are several inflammatory clinical conditions associated with
increased oxidative stress, but novel data suggest a relationship between oxidative stress and
pain perception.1 Furthermore, oxidative stress is increased in patients with chronic fatigue
syndrome.2, 3 There is little information about oxidative stress in fibromyalgia but
malondialdehyde concentrations are higher and superoxide dismutase lower than in controls.
4

Many of the methods used to quantify oxidative stress in vivo are problematic. Recently, the
discovery of F2 isoprostanes, prostaglandin-like substances derived from lipid peroxidation,
and the development of accurate methods for their quantification have provided a robust marker
of oxidative stress in vivo.5-7 We have used this technique to show that oxidative stress is
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increased in patients with scleroderma,8 and associated with symptoms such as fatigue in
patients with systemic lupus erythematosus (SLE).9 Many patients with SLE have associated
fibromyalgia, but since we did not formally define fibromyalgia in that study we could not
address the possibility that the association between oxidative stress and fatigue in lupus was
due to fibromyalgia.

Therefore we examined the hypothesis that oxidative stress, as determined by F2 isoprostane
excretion, was increased in patients with fibromyalgia and correlated with severity of
symptoms.

PATIENTS AND METHODS
Study subjects

We enrolled 48 eligible patients older than 18 years of age who met the revised American
College of Rheumatology criteria for fibromyalgia.10 Patients were recruited from the
practices of local rheumatologists, through an email advertisement and using a volunteer
database developed by the Vanderbilt General Clinical Research Center (GCRC). Control
subjects were selected from the control subjects used in previous studies11, 12 by frequency-
matching for age, sex, race, BMI and smoking. Exclusion criteria included the presence of any
inflammatory autoimmune disease, diabetes, renal disease, known heart disease, pregnancy,
use of corticosteroids, and in the control subjects, a diagnosis of fibromyalgia. The study was
approved by the institutional review board of Vanderbilt University Hospital, and all subjects
provided written informed consent.

F2 isoprostanes
Urine samples were collected and stored at –70 ºC. F2 isoprostanes were quantified using gas
chromatography/mass spectrometry as previously described.13

Patient evaluation
Demographic and clinical data were obtained from patient interview, chart review, physical
examination, and patient questionnaires. Subjects completed a modified Health Assessment
Questionnaire (MHAQ)14 and visual analogue scales (VAS) for pain and fatigue. Each VAS
is a 10 cm scale where 0 represents an absence of the symptom and 10 represents the possible
maximum value for the symptom. Fatigue was also evaluated using the Krupp Fatigue Severity
Scale (FSS),15 that has 9 questions each scored from 1 (no fatigue) to 7 (severe fatigue) and
the score for a subject is the mean of the scores for the 9 questions. Quality of life was assessed
using the Spitzer index, a validated index used in patients with chronic illnesses.16 This is a
five item questionnaire that evaluates the areas of activity, daily living, health, support, and
outlook on life. The score ranges from 0-10, with lower values reflecting worse quality of life.
The brief Rheumatology Attitudes Index (RAI) is a five item instrument used to assess the
construct of helplessness, defined as a psychological state in which people expect that their
efforts will be ineffective. It is scored from 1 to 5 with higher scores indicate more helplessness.
17

In patients with fibromyalgia, we measured depression with the use of the Center for
Epidemiologic Studies Depression Scale (CES-D),18 the overall impact of fibromyalgia with
the Fibromyalgia Impact Questionnaire (FIQ)19 and the number of tender points by digital
palpation using 4 kg pressure at 18 standard sites on the body.
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STATISTICAL ANALYSIS
Based on previous data showing that the mean F2 isoprostane excretion in control subjects is
approximately 2.2 ng/mg creatinine with a standard deviation of 1.4,9 the study required 48
patients with fibromyalgia and 96 control subjects to detect a difference of 0.5 SD (0.7 ng/mg
creatinine) in F2 isoprostane excretion with 80% power, a two-sided significance level of 5%
and a control: experimental ratio of 1:2. Baseline characteristics and outcome measures were
compared between patients and controls using chi squared test for categorical variables and
the Wilcoxon rank-sum tests for continuous variables. The relationship between categorical
clinical variables and F2 isoprostane excretion in patients with fibromyalgia was evaluated
using Spearman’s rank correlation analyses and the results reported as the Spearman’s rank
correlation coefficient (rho).

RESULTS
Table 1 shows demographic and clinical characteristics in patient and control groups. The
groups were well matched and were of similar age (mean age 47.7±11.9 years and 45.0±11.4
years, respectively), sex (97.9% of female in both groups), race (95.8% white race in both
groups), and BMI (27.6±7.3 kg/m2 and 27.5±6.0 kg/m2, respectively). Seven patients with
fibromyalgia (14.6%) and 13 control subjects (13.5%) were current smokers. As expected,
patients with fibromyalgia had markedly higher levels of fatigue as measured by both the VAS
(6.6±2.3 vs. 1.2±1.9 cm, p<0.001) and the FSS (5.6±1.3 vs. 2.5±1.2, p<0.001) than control
subjects. Similarly, increased levels of pain (6.3±1.9 vs. 0.9±1.6 cm, p<0.001) and decreased
functional capacity (MHAQ 0.6±0.5 vs. 0.1±0.2 p<0.001) were also observed in patients.
Patients with fibromyalgia also had poorer attitudes (RAI 3.0±0.9 vs.1.7±0.6 p<0.001) and
lower quality of life (QOL 7.6±1.6 vs. 9.5±0.9 p<0.001) than control subjects.

Figure 1 illustrates urinary F2 isoprostane excretion in patients with fibromyalgia and control
subjects, showing that they did not differ significantly (2.3±1.9 and 2.8±2.2 ng/mg creatinine
respectively, p=0.16).. Table 2 shows the correlations between F2 isoprostane excretion and
patient characteristics, showing that F2 isoprostane excretion was correlated significantly with
self-reported fatigue (rho=0.30, p=0.04) but not with the fatigue severity score, measures of
pain, quality of life, function capacity, depression, number of tender points or overall impact
of fibromyalgia.

DISCUSSION
The major finding of this study is that oxidative stress as measured by F2 isoprostane excretion
was not different among patients with fibromyalgia and well-matched control subjects. F2
isoprostane excretion was associated with self-reported fatigue in patients with fibromyalgia.

Free radicals generated by oxidative stress result in lipid peroxidation and consequently tissue
damage. Recent studies have shown that oxidative stress can also cause peripheral and central
sensitization and alter nociception, 20 resulting in hyperalgesia mediated by both local and
spinal oxidant mechanisms. Also, isoprostanes, directly enhance the firing of type C-
nociceptors.21 Thus, there are mechanisms whereby oxidative stress could contribute to a
condition such as fibromyalgia in which tissue damage is not prominent.

We found that oxidative stress was not increased in patients with fibromyalgia. The
measurement of malondialdehyde concentrations thiobarbituric acid reactive substances, and
the advanced glycation end-product (AGE) pentosidine; less specific markers of oxidative
stress than F2 isoprostanes, have yielded results suggesting that fibromyalgia is associated with
oxidative stress.4, 22, 23 Thus our study, performed using state of the art measures of oxidative
stress in a well characterized group of patients with fibromyalgia, provides valuable
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information. Our findings in fibromyalgia, also contrast with findings in patients with chronic
fatigue syndrome in whom isoprostanes were elevated and correlated with post-exertional
malaise.24 This suggests that oxidative stress may be more prominent in patients within the
fibromyalgia spectrum of disorders in whom fatigue is more prominent. Indeed, we previously
found that oxidative stress is associated with fatigue and not inflammation in patients with
SLE,9 and concordant with those findings, there was a weak association between fatigue and
oxidative stress in patients with fibromyalgia. Fatigue is one of the most common complains
of patients with fibromyalgia. Thus, the finding of an association between oxidative stress and
symptoms such as fatigue is of interest, since the mechanisms underlying the symptoms in
patients with fibromyalgia remain unknown.

This study has some potential limitations. First, it is possible that medications patients were
receiving for fibromyalgia could have affected concentrations of F2 isoprostanes, however, it
is noteworthy that patients with fibromyalgia still had significant symptoms as evidenced by
their fatigue and quality of life scores. Second, this was a cross sectional study and thus specific
studies will be required to define the association between F2 isoprostane excretion, fatigue,
and interventions used to treat fibromyalgia.

In conclusion, oxidative stress measured by isoprostane excretion was not different among
patients with fibromyalgia and control subjects, but was correlated with self reported fatigue.
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Figure 1.
F2 Isoprostane excretion in patients with fibromyalgia and control subjects. Error bars represent
the mean and SD
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Table 1
Demographic and Clinical Characteristics of Patients with Fibromyalgia and Control Subjects

Characteristics Patients (n=48) Controls (n=96) P-value

Age (yrs) 47.7±11.9 45.0±11.4 0.14

Female (%) 97.9 97.9 1.0

White Race (%) 95.8 95.8 1.0

Current Smoking (%) 14.6 13.5 0.87

Body Mass Index (kg/m2) 27.6±7.3 27.5±6.0 0.87

Pain VAS (cm)* 6.3±1.9 0.9±1.6 <0.001

Fatigue VAS (cm)* 6.6±2.3 1.2±1.9 <0.001

MHAQ score † 0.6±0.5 0.1±1.2 <0.001

Quality of Life score ‡ 7.6±1.6 9.5±0.9 <0.001

Data presented as mean±SD or percentage as appropriate.

P values are for Wilcoxon rank sum test or for chi squared test, as appropriate, for comparison among groups

*
VAS - Visual analogue scale

†
modified health assessment questionnaire

‡
quality of life score (higher score indicates better quality of life)
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Table 2
Clinical characteristics and relationship between F2 isoprostane excretion

PATIENT CHARACTERISTICS
          Mean ± SD

rho

Age (yrs) 47.7±11.9 0.03

Body mass index (kg/m2) 27.6±7.3 0.08

Pack years of smoking 5.4±11.3 -0.16

Disease duration (yrs) 7.5±4.9 0.05

Number of tender points 13.9±2.5 -0.03

PATIENT SELF-REPORT SCORES

Pain Visual Analogue Scale 6.3±1.9 0.02

Fatigue Visual Analogue Scale 6.6±2.3 0.30*

Fatigue severity score (FSS) 5.6±1.3 0.23

Modified Health Assessment Questionnaire
(MHAQ) score

0.6±0.5 0.11

Quality of Life score 7.6±1.6 -0.19

Rheumatology Attitudes Index (RAI) score 3.0±0.9 0.03

CES-D Depression Scale 20.9±11.7 0.03

Fibromyalgia Impact Questionnaire (FIQ) 57.7±14.6 0.10
Data presented as mean±SD

*
p=0.04
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