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ABSTRACT 

The main objective of this study is to determine the concentrations of 

Interleukine-6, Vitamins A, E, and C in patients with FMS. This study included 

60 patients with FMS were diagnosed according to the American college of 

Rheumatology (ACR) 1990 criteria. They were obtained from the people 

attending the Rheumatology & Rehabilitation Consultation Unit / Out Patient 

Clinic/ Baghdad Teaching Hospital in Medical City. Their ages range were 20-60 

years and their ages range were then matched by age and sex to 30 healthy 

control persons with mean age 43.25 ± 3.16 years. Results revealed that there was 

no significant difference in the mean value of IL-6 in serum of patients with 

FMS, while vitamins A, and E concentrations in serum of patients with FMS 

were significantly decreased as compared to the level in serum of healthy controls 

(p>0.05), and the mean values of Vitamin C concentration in serum of patients 

with FMS were significantly increased than the level in serum of healthy control 

(p< 0.05). 
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 ل مرضى في مص A ،E، Cوفيتامينات  6-مستويات أنترليوكين 
 عراقيين  مصابين بمتلازمة الألم الليفي العضلي

 
 الخلاصة

شمةةلشملصلانةة لش ةةاشال ر ةةمشال نةةمتلااشت ملأل ةةتشافلةةلشاليلا ةة شال  ةةي ش60الدراسةةتشملةة  ش
سنت،شممطةمت شش60-20ممراوحشاع مرهلشتلااشش1990ت وجبش  لامرشكيلاتشالرو مملاللشاف رلاكلاتشل ملش

ش±43،25 ةةاشافلةةصمصشافنةةممدشوت  ةةد شع ةةرشلامةةراوحشتةةلااشش30أع ةةمرشوجةةنمشال ر ةةمش ةة ش
تةلااشش6- موسةطشيةلالشمراكلاةلشأنمرلةوكلااشهشلةلامشهنةمأشأصةملأيش ة سنت.شالنممئجشملةلارشالةمشأنةش3،16

 ة شأ نةم شال ر ةمشال نةمتلااششE،ششAلامم لانةم شش شتلان مش موسطشيلالشمراكلالشال ر مشوافنممد
 قمرنةةةتشتمل سةةةمو ش ةةة شش(p>0.05)شتنةةةورؤش ةةة  رؤشمةةةنص  ت ملأل ةةةتشافلةةةلشاليلا ةةة شال  ةةةي ش

 ةةة شأ نةةم شال ر ةةمشال نةةةمتلااششCافلةةصمصشافنةةممد،شتلان ةةمش موسةةةطشيةةلالشمراكلاةةلش لامةةم لااش
 قمرنتشتمل سمو ش  شافلةصمصششش(p< 0.05)ش   رؤشتنورؤشملدادت ملأل تشافللشاليلا  شال  ي ش

شافنممد.
 

شCوششE،ششAلامم لانم شش،ش 6-وكلاالالر ملأل تشافللشاليلا  شال  ي ،شأنمشالكلمات الدالة:
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INTRODUCTION 
ibromyalgia syndrome (FMS) is a common, chronic widespread pain 

syndrome usually associated with other somatic and psychologic 

symptoms including fatigue, sleep disturbances, cognitive difficulties         

(memory problems, diminished mental clarity, and concentration difficulties) and 

cite conditions such as anxiety, depression and Posttraumatic Stress Disorder and 

other core symptoms include debilitating fatigue, sleep disturbance, and joint 

stiffness [1]. Also FMS is a chronic musculoskeletal syndrome; almost 

invariably, symptoms persist at 5- and 10-year follow-ups. The degree of 

functional impairment is similar to that seen in patients with moderate to severe 

rheumatoid arthritis [2,3]. Fibromyalgia is characterized by chronic widespread 

pain and also allodynia, a heightened and painful response to pressure [4]. Other 

core symptoms include joint stiffness. Some patients [5] may also report 

difficulty with swallowing [6], bowel and bladder abnormalities [7]. FMS affects 

2-4 % of general population, and affects more females than males, with a ratio of 

9:1 by American college of Rheumatology criteria (ACR) [8].  

IL-6 is an interleukin that acts as both a pro-inflammatory and anti-

inflammatory cytokine. It is secreted by T cells and macrophages to stimulate 

immune response, during infection and after trauma, especially burns or other 

tissue damage leading to inflammation. In terms of host response to a foreign 

pathogen during infection [9]. IL-6 is also a "myokine," a cytokine produced 

from muscle, and is elevated in response to muscle contraction [10]. It is 

significantly elevated with exercise, and precedes the appearance of other 

cytokines in the circulation. During exercise, it is thought to act in a hormone-like 

manner to mobilize extracellular substrates and/or augment substrate 

delivery. Additionally, osteoblasts secrete IL-6 to stimulate osteoclast 

formation. Smooth muscle cells in the tunica media of many blood vessels also 

produce IL-6 as a pro-inflammatory cytokine. IL-6's role as an anti-inflammatory 

cytokine is mediated through its inhibitory effects on tumor necrosis factor-

alpha (TNF-alpha) and IL-1, and activation of  interleukin-1 receptor 

antagonist  (IL-1ra) and IL-10 [11]. 

Vitamin A (Retinol) is serving a number of critical physiological roles, as 

evidenced by myriad of disorders that accompany deficiency or excess states. 

Also it has a structure depicted to the right retinol is the immediate precursor to 

two important active metabolites: retinal which plays a critical role in vision, and 

retinoic acid, which serves as an intracellular messenger that affect transcription 

of a number of genes. Vitamin A deficiency usually results from malnutrition, but 

can also be due to abnormalities in intestinal absorption of retinol or carotenoids 

[12].  

Vitamin E is fat soluble substance present in cellular membrane. It is a 

powerful antioxidant, protect cells from oxidation and neutralize unstable free 

radical which can cause damage. This is done by vitamin E giving up one of the 

electrons to the electron deficient free radical making it more stable. The major 

function of vitamin E in the body is an antioxidant and acts primarily by 

scavenging active oxygen free radicals, which otherwise attack substrates such as 

F 

http://en.wikipedia.org/wiki/Anxiety
http://en.wikipedia.org/wiki/Depression_(mood)
http://en.wikipedia.org/wiki/Posttraumatic_Stress_Disorder
http://en.wikipedia.org/wiki/Fatigue_(medical)
http://en.wikipedia.org/wiki/Sleep_disturbance
http://en.wikipedia.org/wiki/Joint_stiffness
http://en.wikipedia.org/wiki/Joint_stiffness
http://en.wikipedia.org/wiki/Pain
http://en.wikipedia.org/wiki/Allodynia
http://en.wikipedia.org/wiki/Joint_stiffness
http://en.wikipedia.org/wiki/Dysphagia
http://en.wikipedia.org/wiki/Irritable_bowel
http://en.wikipedia.org/wiki/Cystitis
http://en.wikipedia.org/wiki/Interleukin
http://en.wikipedia.org/wiki/Cytokine
http://en.wikipedia.org/wiki/T_cell
http://en.wikipedia.org/wiki/Macrophage
http://en.wikipedia.org/wiki/Osteoblast
http://en.wikipedia.org/wiki/Osteoclast
http://en.wikipedia.org/wiki/Smooth_muscle_cell
http://en.wikipedia.org/wiki/Tunica_media
http://en.wikipedia.org/wiki/Cytokine
http://en.wikipedia.org/wiki/TNF-alpha
http://en.wikipedia.org/wiki/IL1A
http://en.wikipedia.org/wiki/Interleukin_1_receptor_antagonist
http://en.wikipedia.org/wiki/Interleukin_10


Eng. & Tech. Journal .Vol. 31, No. 1 , 2013         Interleukine-6, Vitamins A, E, and C Levelsin 

                                                                          Serum of Iraqi Patients with Fibromyalgia  

                                                                                 Syndrome (FMS) 

 

 

51 
 

lipids, proteins, sugar and DNA to initiate damaging chain reaction. It may also 

stimulate immune response, inhibit cancer initiation, and inhibit the conversion of 

nitrite to nitroamines, which are strong promoters of tumor formation. Also 

vitamin E protects the other antioxidant from being oxidized. The capability is 

great in helping to prevent the degenerative diseases; including heart disease, 

strokes, arthritis, diabetes, and cancer [13]. 

Vitamin C (Ascorbic acid) is an important water soluble antioxidant found in 

biological system. It is the first line antioxidant defense in plasma. Ascorbic acid 

has many functions including prevention of scurvy, acceleration of hydroxylation 

reaction in the synthesis of collagen in connective tissue, carnitine and nor 

epinephrine, amidtion of peptide hormones, regeneration of vitamin E, protection 

against photo oxidative damage, conversion of cholesterol to bile acids and 

enhance iron bioavailability. Vitamin C is a great antioxidant protects the body 

against pollutants. Vitamin C is a biological reducing agent; it also linked to its 

prevention of degenerative diseases [14]. 

Patients & Methods 

The prospective study comprised 60 Iraqi patients of FMS (50 female, 10 

male) fulfilling the American College of Rheumatology (ACR) 1990 criteria for 

the diagnosis of FMS, were obtained from the people attending the 

Rheumatology & Rehabilitation Consultation Unit / Out Patient Clinic/ Baghdad 

Teaching Hospital in Medical City, their ages range were then matched by age 

and sex to 30 healthy control persons (22 female, 8 male). The laboratory tests 

were done in Teaching Laboratories of the Medical City and the Department of 

Physiological Chemistry / College of Medicine University of Baghdad. All 

subjects non smokers and were evaluated by BMI (weight in kilograms divided 

by the square of height in meters). Subjects were excluded if they showed 

medication or had any evidence of metabolic disease other than obesity. Blood 

samples were taken from individuals in both groups for estimating IL-6, vitamins 

A, E, and C concentrations. Laboratory investigation which include: Hemoglobin 

(Hb), Erythrocyte sedimentation rate (ESR) was done in Laboratory Teaching 

center of Baghdad Hospital. The IL-6 Kit is a solid phase sandwich Enzyme 

Linked-Immuno-Sorbent Assay (ELISA). A monoclonal antibody specific for IL-

6 has been coated onto the wells of the microtiter strips provided. Samples, 

including standards of known IL-6 concentrations, control specimens and 

unknowns are pipetted into these wells. During the first incubation, the IL-6 

antigen and a biotinylated monoclonal antibody specific for IL-6 are 

simultaneously incubated. After washing, the enzyme ( streptavidin - peroxydase 

) is added. After incubation and washing to remove all the unbound enzyme, a 

substrate solution which is acting on the bound enzyme is added to induce a 

colored reaction product. The intensity of this colored product is directly 

proportional to the concentration of IL-6 present in the samples; the IL-6 Kit was 

from HUMAN-Germany [15].  

Vitamins A, E, and C levels were measured using high performance liquid 

Chromatography (HPLC). Fat soluble vitamins A and E were separated on NH2 

column isocratically after obtaining optimum conditions (temperature, flow rate, 

and eluent composition), eluent used for vitamins A and E was Tetrahydrofuran 

http://www.rheumatology.org/about/index.asp
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(THF), methanol (MeOH), water (H2O), while water soluble vitamin C was 

separated using reversed phase C-18 column, eluent used for vitamin C was 

acetic acid (HOAC) and acetonitrile. 

Vitamin A and E conditions: Flow rate: 1ml/min.  Temperature: Room 

temperature, Detection: UV 285 nm., Mode: Isocratic, Column: NH2 

Vitamin C conditions: Flow rate: 1ml/min., Temperature: Room temperature, 

Detection: UV 285 nm., Mode: Isocratic, Column: C-18. 

Chromatograms were recorded and concentration of vitamins was determined 

from the area under the curve using standard [16]. 

 Descriptive statistics for all data were expressed as mean±SD, and the percent 

of abnormal value in any test was calculated as above or below the mean±SD of 

the normal values for the matched control group, compared using independent 

sample (t) test P < 0.005, and considered statistically significant [17]  

Results 

The characteristics of 60 FMS patients and 30 controls are shown in Table (1). 

There was no significant difference in the mean value of IL-6 in serum of patients 

with FMS, while vitamins A, and E concentrations were significantly lower (P < 

0.01), while the mean value of Vitamins C concentration were significantly 

higher as compared to the levels in serum of health control group (P < 0.05) as 

shown in Table (2) and Figure (1, 2). 

Discussion 

There was no significant difference in the concentration of interleukin-6 in 

patients with Fibromyalgia Syndrome (FMS) and control groups and this is in 

agreement with the study done by Gur A, Karakoc M, Nas K, et al. [18] that 

illustrated no difference between patients with FMS and control group in serum 

level of IL-1 and IL-6. The immune system is thought to play a role in the 

pathogenesis of fibromyalgia through its interactions with the (hypothalamus- 

pituitary axis) HPA and (central nerve system) SNS, but the precise mechanisms 

continue to be elucidated. Numerous studies have examined the overall function 

of the immune system in patients with fibromyalgia. Also our results are in 

agreement with numerous studies having examined the overall function of the 

immune system in patients with fibromyalgia. A subset of patients with 

fibromyalgia exhibit low-level autoantibodies (antinuclear antibody) or 

immunoglobulins (Ig; rheumatoid factor) and may have evidence of low-level 

systemic inflammation [19]. Most recent publications indicate that in FMS 

patients there is some abnormality with the hypothalamic-pituitary-adrenal (HPA) 

axis, with elevated activity of corticotropin-releasing-hormone )CRH) and 

substance P (SP) [20] that may not only affect the PHA axis, but other endocrine 

and immune processes [21]. In view of this finding and the observation that FMS 

symptoms commonly occur after a psychological or inflammatory stressor, FMS 

may be another inflammatory disorder exacerbated by stress [22]. For instance, 

pain perception appeared to be enhanced by the concurrent presence of stressful 

events [23], and repeated sound stress was shown to increase inflammatory 

hyperalgesia in rats [24]. Other recent publications have reported elevated levels 

of cytokines in the serum of FMS patients [25]. In a study, serum IL-1 and IL-6 

levels were not different from controls but IL-8 was significantly elevated [26]. 
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Nevertheless, IL-6 was elevated in the supernatants from peripheral blood 

mononuclear cells from FMS patients [27]. (Moreover, injection of IL-6 

produced excessive heart rate responses in FMS patients [28]. Interestingly, 

young FMS patients with milder symptoms had significantly increased serum IL-

8 levels [29]. 

Results obtained in this study showed that the serum levels of vitamins A and 

E were significantly lower in patients with FMS than in controls, while the serum 

level of vitamin C was significantly higher in patients with FMS than in controls. 

Antioxidants can help to protect the neural tissue from damage, induced by 

inflammatory cascade that result in free radical pathology and oxidative stress 

[30]. 

Vitamin C plays a pivotal role as a chain breaking antioxidant, and plasma 

lipid peroxidation is prevented only as long as vitamin C is present. Its role as 

antioxidant is indicated by its known free radical scavenging action. As a 

reducing and antioxidant agent, it directly reacts with various lipid 

hydroperoxides, and prevents the oxidative modification the cytosolic and 

membrane components of cells [31. 

Vitamin A is a fat soluble vitamin and appears to protect cells against 

inflammatory disease, perhaps by its antioxidant properties. Supplementation of 

therapeutic doses of vitamin E increases the plasma level of vitamin A and beta 

carotene, perhaps by their synergetic interaction [32]. The available evidence 

suggests that vitamin A metabolism is linked to vitamin E as an antioxidant in the 

stability of biological membranes. In the current study, levels of vitamin A and E 

in serum of patients with fibromyalgia were lower than control. This may indicate 

the role action of vitamin A and E on radical inhibition. Results in this study 

agree with the study of Kamanli et al, 2004 [33] who found that the level of 

vitamin A and E were lower in serum of patients of Rheumatoid arthritis and 

agree with the study of Kokcam et al, 2002 [34] that the levels of vitamin A and 

E were lowtser in serum of patients of Behcet disease, and disagree with Eisinger 

et al, 1998 who found that there were no difference in vitamins concentration in 

patients and control [35]. 

     

REFERENCE 

[1].Hauser, W.;Thieme, K.;Turk, C. Guidelines on management of fibromyalgia 

syndrome- A systemic review. European journal of pain ( London, England). 14 

(1)5, 2009. 

[2].Branco J.; Saraiva F, Matucci C, et al. Fibromyalgia syndrome: a European 

epidemiological survey. Ann Rheum Dis. 64:1784, 2005. 

[3].Doherty J.; S; Doherty M. Primary Br Fibromyalgia syndrome—an outcome 

study. Ledingham:; J Rheumatol  32:139–142, 1993. 

[4].Wolfe F.; Smythe HA, Yunus MB et al. The American College of 

Rheumatology 1990 Criteria for the Classification of Fibromyalgia. Report of 

the Multicenter Criteria Committee: Arthritis Rheum. 33 (2): 160–72, 1990. 

[5].Wolfe F, Fibromyalgia: the clinical syndrome: Arthritis Rheum. 15 (1): 1–18, 

1989. 



Eng. & Tech. Journal .Vol. 31, No. 1 , 2013         Interleukine-6, Vitamins A, E, and C Levelsin 

                                                                          Serum of Iraqi Patients with Fibromyalgia  

                                                                                 Syndrome (FMS) 

 

 

54 
 

[6]. DJ; Hallegua DS. Fibromyalgia: the gastrointestinal link. Curr Pain Headache 

Rep. 8 (5): 364–8, 2002.  

[7].Clauw: DJ; Schmidt M, Radulovic D, Katz P, Bresette J. The relationship 

between fibromyalgia and interstitial cystitis. J Psychiatr Res. 31 (1): 125–31, 

1997.  

[8].Doherty M.; Lanyon P, Ralston S. In: Boon N, College N, Walker B, Hunter 

J. (Davidson principle and practice of medicine: Churchill Livingstone, (Eds.), 

20th ed. 1065-1144, 2006. 

[9]. van der Poll T, Keogh CV, Guirao X, Buurman WA, Kopf M, Lowry SF (). 

"Interleukin-6 gene-deficient mice show impaired defense against 

pneumococcal pneumonia". J Infect Dis 176 (2): 439–444, 1997 

[10].Febbraio MA, Pedersen BK. Petersen AM. "Contraction-induced myokine 

production and release: is skeletal muscle an endocrine organ?" Exerc Sport Sci 

Rev 33 (3): 114–119, 2005.  

[11].Petersen AM, Pedersen BK. "The anti-inflammatory effect of exercise". J. 

Appl. Physiol. 98 (4): 1154–1162, 2005. 

[12].Strobe M, Tinz J, Biesalski HK. The importance of beta-carotene as a source 

of vitamin A with special regards to pregnant and breast feeding women. Eur J 

Nut.;46:1-20, 2007. 

[13].Traber, Atkinsaon, J. Vitamin E, antioxidant and nothing more. Biology 

&medicine.; 43(1):4-15, 2007. 

[14].Close G, ,Ashton T, Doran D, Holloway C, McArdle F. Ascorbic acid 

supplementation does not attenuate post exercise muscle soreness following 

muscle-damaging exercise but may delay the recovery process. Br J 

Nutr.;95(5):976-81, 2006. 

[15].Hirano T, Akira S, Taga T, Kishimoto T: Biological and clinical aspects of 

interleukin-6. Immunol Today  ; 170:443-449, 1990. 

[6].1Abad Khan, Muhammad I Khan, Zafar Iqbal, Yasar Shah, Lateef Ahmad, 

David G Watson. Journal of Chromatography B Analytical Technologies in the 

Biomedical and Life Sciences. Volume: 878, Issue: 25, Publisher: Elsevier 

B.V., Pages: 2339-2347, 2010. 

[17].Bailey, N.I. Statistical Methods in Biology ltd.press, 1974. 

[18].Gur A, Karakoc M, Nas K, et al.: Cytokines and depression in cases with 

fibromyalgia. J Rheumatol, 29:358–361, 2002. 

[19].Caro XJ: Is there an immunologic component to the fibrositis syndrome? 

Rheum Dis Clin North Am, 15:169–186, 1989. 

[20].Mease P. Fibromyalgia syndrome: review of clinical presentation, 

pathogenesis, outcome measures, and treatment. J. Rheumatol. 75(S):6, 2005. 

[21].Neeck G. Pathogenic mechanisms of fibromyalgia. Ageing Res. Rev. 

1:243,2002. 

[22].Theoharides T.C. and D.E. Cochrane. Critical role of mast cells in 

inflammatory diseases and the effect of acute stress. J. Neuroimmunol. 

146:1,2004. 

[23].Van H.B. and U.T. Egle. Fibromyalgia: a stress disorder? Piecing the 

biopsychosocial puzzle together. Psychother. Psychosom. 73:267,2004. 



Eng. & Tech. Journal .Vol. 31, No. 1 , 2013         Interleukine-6, Vitamins A, E, and C Levelsin 

                                                                          Serum of Iraqi Patients with Fibromyalgia  

                                                                                 Syndrome (FMS) 

 

 

55 
 

[24].Khasar S.G., P.G. Green and J.D. Levine. Repeated sound stress enhances 

inflammatory pain in the rat. Pain 116:79, 2005. 

[25].Mullington J.M., D. Hinze-Selch and T. Pollmacher. Mediators of 

inflammation and their interaction with sleep: relevance for chronic fatigue 

syndrome and related conditions. Ann. N.Y. Acad. Sci. 933:201, 2001. 

[26].Gur A., M. Karakoc, S. Erdogan, K. Nas, R. Cevik and A.J. Sarac.  . 

Regional cerebral blood flow and cytokines in young females with 

fibromyalgia. Clin. Exp. Rheumatol. 20:753, 2002. 

[27].Wallace D.J., M. Linker-Israeli, D. Hallegua, S. Silverman, D. Silver and 

M.H. Weisman.  Cytokines play an aetiopathogenetic role in fibromyalgia: a 

hypothesis and pilot study. Rheumatology 40:743, 2001. 

[28].Torpy D.J., D.A. Papanicolaou, A.J. Lotsikas, R.L. Wilder, G.P. Chrousos 

and S.R. Pillemer. Responses of the sympathetic nervous system and 

thehypothalamic-pituitary-adrenal axis to interleukin-6: a pilot study in 

fibromyalgia. Arthritis Rheum. 43:872, 2000.  

[29].Gur A., M. Karakoc, K. Nas, Remzi, Cevik, A. Denli and J. Sarac. Cytokines 

and depressionin cases with fibromyalgia. J. Rheumatol. 29:358, 2002. 

[30].Bjelakovic G; Nkolova, D; Gluud, LL; Simonetti, RG;Gluud, C. Mortality in 

randomized trials of antioxidant supplements for primary and secondary 

prevention: systematic review and meta analysis. JAMA.;297(8):842-57, 2007. 

[31].padayatty S, Katz A, Wang Y, Eck P, Kwon O,  Lee J, Chen S, Corpe. 

Vitanin C as an antioxidant: evaluation of its role in disease preventation. CJAm 

Coll Nutr.;22(1):18-35, 2003. 

[32].Rao AV, Rao LG, Carotenoids and the human health. Pharmacol  

Res.;55:207-216, 2007. 

[33].Kamanli A, Naziroglu M, Aydilek N, Hacievliyagil C. Plasma lipid 

peroxidation and antioxidant levels in patients with Rheumatoid arthritis P. cell 

Biochem Funct.;22:53-57, 2004. 

[34].Kokcam I, Naziroglu M. Effects of vitamin E supplementation on blood 

antioxidants levels in patients with behcet disease. Clin Biochem;35:633-639, 

2002. 

[35].Eisinger J, Gandoifo C, Zaknian H, Ayavous. Reactive oxygen species, 

antioxidant status and fibromyalgia. J Musculoskletal pain,; 5:5-15, 1998. 

 
APPENDIX 

 

Table (1) characteristics of FMS patients and controls. 

Parameters 

Healthy Control 

(n= 30) 

Mean ± SD 

FMS patients 

(n= 60) 

Mean ± SD 

P-value Significant 

Age (y) 

 
43.25 ± 3.16 40.01 ± 2.10 0.41 NS 

BMI (kg/m2) 

 
26.54 ± 0.87 27.43 ± 0.36 0.19 NS 
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Table (2) Mean±SD values of serum IL-6, Vitamins A, E, and C in patients 

with FMS and controls. 

Parameters Healthy control 

(n=30) 

Mean±SD 

FMS patients 

(n=60) 

Mean±SD 

P-value Significant 

IL-6 (pg/ml) 4.940±0.648 5.010±1.067 0.430 NS 

Vitamin A 

(µg/ml) 

4.452±0.165 2.864±0.144 0.001 HS 

Vitamin E 

(µg/ml) 

7.308±0.167 2.956±0.691 0.001 HS 

Vitamin C 

(µg/ml) 

8.012±0.252 8.861±0.165 0.045 S 

 

 

 

 
 

Figure (1) Interleukine-6 (IL-6) concentration in patients with 

 fibromyalgia syndrome (FMS) and healthy control (HC). 
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Figure (2) Vitamins C, E, and C concentration in patients with  

fibromyalgia syndrome (FMS) and healthy control (HC). 
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