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Abstract 58 

Background: Fibromyalgia (FM) is a complex syndrome to diagnose and treat due to its 59 

unknown etiology. Previously studies reported that patients with FM suffer from 60 

oxidative stress. 61 

Objectives: In the present study, we investigated single nucleotide polymorphisms 62 

(SNPs) in genes encoding enzymes involved in oxidative stress [superoxide dismutase 1 63 

(SOD1), catalase (CAT), and NADPH oxidase (CYBA)] in patients with FM and in 64 

healthy subjects, as well as the possible relation with the demographic and clinical 65 

manifestations of FM. 66 

Methods: A total of 141 patients with FM and 73 healthy subjects participated in this 67 

case-control study. For DNA extraction, buccal swabs were collected from patients with 68 

FM and a peripheral blood sample was extracted from controls. We analyzed SNPs in 69 

genes related to oxidative stress (rs10432782 in SOD1, rs1001179 in CAT, and rs4673 70 

in CYBA) using TaqMan™ probes. In FM patients, severity of FM, fatigue and pain 71 

were assessed by Fibromyalgia Impact Questionnaire (FIQ), Multidimensional Fatigue 72 

Inventory (MFI) and Visual Analogue Scale (VAS), respectively. The physical (PCS-73 

12) and mental (MCS-12) health status were evaluated by the 12-Item Short Form 74 

Health Survey (SF-12). 75 

Results: The selected SNPs did not show significant differences between FM patients 76 

and controls. The rs10432782 (SOD1) was associated with FIQ score in patients with 77 

FM, while the rs4673 (CYBA) was associated with MFI score, MCS-12 score and 78 

duration of disease.  79 

  80 
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Discussion: We have identified significant correlations between SOD1 and CYBA 81 

variants with clinical manifestations of FM. These results provide new insights into the 82 

pathogenesis of FM that could be useful for guiding future studies along the way to find 83 

the cause/s of this syndrome. 84 

 85 

Keywords: fibromyalgia; oxidative stress; polymorphism. 86 

87 



6 

 

Fibromyalgia (FM) is a chronic syndrome characterized by widespread musculoskeletal 88 

pain and other symptoms such as fatigue, sleep disturbances, headache, cognitive 89 

problems and psychiatric disorders. FM, which affects women in a greater proportion, is 90 

present in 2.10% of the world's population, in 2.31% of the European population and in 91 

2.40% of the Spanish population (Cabo-Meseguer et al., 2017). Patients with FM report 92 

severe disability and incur high medical costs (Cabo-Meseguer et al., 2017). Despite the 93 

research in the last years, the pathogenesis of FM remains unclear. However, several 94 

factors have been proposed to be related to this syndrome. They include central 95 

sensitization (Bellato et al., 2012) and altered levels of both monoamine 96 

neurotransmitters (Rus et al., 2018) and enkephalinases (Martínez-Martos et al., 2019), 97 

inflammation (Molina et al., 2019; Ramírez-Tejero et al., 2018; Rus et al., 2016) and 98 

oxidative stress (La Rubia et al., 2013).  99 

 100 

Oxidative stress is the result of an imbalance between the harmful reactive oxygen 101 

species (ROS) and the antioxidant defenses, which detoxify and neutralize ROS. 102 

Although the main source of ROS is the oxidative phosphorylation that occurs in the 103 

mitochondria, several enzymes are also capable of producing ROS, including the 104 

NADPH oxidases, responsible for the reduction of oxygen to superoxide anion. On the 105 

other hand, the antioxidant defenses include an array of antioxidant enzymes such as 106 

superoxide dismutases (SODs) and catalases (CATs). SODs catalyze the breakdown of 107 

the superoxide anion into oxygen and hydrogen peroxide, which is converted to water 108 

and oxygen by CATs (Ozgocmen, Ozyurt, Sogut, Akyol, et al., 2006). Although the 109 

mechanisms by which oxidative stress can cause FM or its clinical symptoms are still 110 

unclear, several works have suggested a relationship between oxidative stress and 111 
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perception of pain (Ibi et al., 2008; Kim et al., 2008; Schwartz et al., 2009), the main 112 

symptom of patients with FM. In this sense, a critical role for superoxide anion has been 113 

shown in the development of pain by peripheral and central nervous system 114 

sensitization (Wang et al., 2004). Moreover, enhanced production of hydrogen peroxide 115 

has been reported to contribute to pain development in FM patients (Close et al., 2005). 116 

ROS have also been involved in NMDA-receptor activation, an essential step in central 117 

sensitization, contributing to neuropathic pain (Gao et al., 2007). On the other hand, 118 

oxidative damage has been reported to interfere with the muscles by reducing local 119 

nociceptors, causing a diminution in the pain threshold (Fulle et al., 2000). 120 

 121 

It is known the relevant role of genomic variants such as single nucleotide 122 

polymorphisms (SNPs) in several diseases. Recent genome-wide association studies 123 

(GWAS) investigated genes potentially involved in the pathogenesis of FM highlighting 124 

that genetic factors are possibly responsible for up to 50% of the disease susceptibility 125 

(D’Agnelli et al., 2019). A previous study analyzed some SNPs in genes encoding 126 

antioxidant enzymes (Ala9Val in MnSOD2 and Pro198Leu in GPX1) in patients with 127 

FM without finding differences between FM patients and controls (Akbas et al., 2014).  128 

 129 

The lack of knowledge about the etiology of FM complicates both the diagnosis and 130 

treatment of this syndrome. Currently, there are no validated biological biomarkers that 131 

help the diagnosis of FM. Therefore, our aim was to identify candidate genes associated 132 

with FM susceptibility. For this, we investigated SNPs in genes encoding enzymes 133 

involved in oxidative stress [rs10432782 in SOD1, rs1001179 in CAT, and rs4673 in 134 
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Cytochrome B-245 Alpha Chain (CYBA)] in patients diagnosed with FM and in healthy 135 

controls, as well as the possible relation with the demographic and clinical 136 

characteristics of FM. To the best of our knowledge, this is the first study that analyzes 137 

these SNPs in patients with FM. 138 

 139 

METHODS 140 

Participants 141 

This research has been carried out in accordance with the Declaration of Helsinki of the 142 

World Medical Association. The study was approved by the Ethical Committee of 143 

Research of XX (reference: XX) and all subjects provided written informed consent. 144 

One hundred and forty one patients with FM from XX (Association of Fibromyalgia of 145 

XX) and XX (Association of Fibromyalgia XX) participated in this case-control study. 146 

The patients with FM were selected by contacting two associations of Fibromyalgia 147 

patients (Association of Fibromyalgia of XX and Association of Fibromyalgia of XX). 148 

The FM participants had been previously diagnosed with FM by a professional 149 

rheumatologist and met the 1990 American College of Rheumatology (ACR) criteria for 150 

FM. In a single visit, the patients provided demographic and clinical data and completed 151 

the study questionnaires. Finally, we collected two buccal swabs for each of them. As 152 

controls, we used DNA samples from 73 healthy subjects, which were donated by XX.  153 

 154 

DNA extraction and genotyping analysis 155 
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Buccal mucosa cells were collected from patients with FM and stored at room 156 

temperature.  A non-organic DNA extraction procedure using stain extraction buffer, 157 

proteinase K, ammonium acetate (2M) and isopropyl alcohol was performed as 158 

described by Gomez-Martin et al. (Gómez-Martín et al., 2015). A peripheral blood 159 

sample was extracted from controls, put into EDTA coated tubes and stored at - 20 ºC 160 

until genomic DNA extraction. A standard organic extraction procedure by 161 

phenol/chloroform/isoamyl alcohol and proteinase K, followed by purificated with 162 

Microcon H 100 filters (Millipore, Germany) was used. To determine extracted DNA 163 

purity and concentration a NanoDrop 2000c (Thermo Scientific, USA) was used. 164 

Thereafter, DNA was stored at - 20 ºC until genotyping. Three SNPs in genes related to 165 

oxidative stress pathways were selected: rs10432782 (C__30038646_10) in SOD1 gene; 166 

rs1001179 (C__11468118_10) in CAT gene; and rs4673 (C______2038_20) in CYBA 167 

gene. SNPs in these genes were selected using The National Center for Biotechnology 168 

Information and Ensembl genome browser websites (more information in S1 Table). 169 

DNA genotyping was performed using TaqMan® Genotyping Master Mix (Applied 170 

Biosystems, USA) that included all essential components (except probes, templates and 171 

water) for polymerase chain reaction (PCR). Allelic discrimination assays were carried 172 

out in a 7900HT Fast Real-Time PCR System (Applied Biosystems, USA). Results 173 

were read using SDS software v.2.4 (Applied Biosystems, USA).  174 

 175 

Clinical characteristics of patients with FM 176 

The demographic and clinical data were obtained from FM patient interview and 177 

questionnaires. The questionnaires to determine the clinical characteristics were only 178 



10 

 

completed by FM patients, not by controls. Functional capacity in daily living activities 179 

was evaluated by the Spanish version of the Fibromyalgia Impact Questionnaire (FIQ), 180 

which shows high internal consistency, with a Cronbach’s alpha coefficient of 0.82  181 

(Rivera & González, 2004). The FIQ is the instrument most often used to estimate FM 182 

severity, and the score ranges from 0 to 100. Fatigue was assessed by the Spanish 183 

version of the Multidimensional Fatigue Inventory (MFI) (Munguía-Izquierdo et al., 184 

2012), which has a potential score range from 20 to 100. The Spanish version of the 185 

MFI has high internal consistency, with a Cronbach’s alpha of 0.93 (Soriano-186 

Maldonado et al., 2015). Musculoskeletal pain was scored according to a Visual 187 

Analogue Scale (VAS) of 10 cm. The VAS shows a high sensibility (80%), specificity 188 

(80%), and area under the curve (0.864) in the FM population (Marques et al., 2008). 189 

For all these questionnaires, higher values reflect worse symptomatology. The physical 190 

(Physical Component Summary, PCS-12) and mental (Mental Component Summary, 191 

MCS-12) health status was assessed by the Spanish version of the 12-Item Short Form 192 

Health Survey (SF-12) (Alonso et al., 1995). The score ranges from 0 to 100 with lower 193 

values reflecting worse health status. The PCS-12 and the MCS-12 show a Cronbach’s 194 

alpha of 0.85 and 0.78, respectively (Vilagut et al., 2008). 195 

 196 

Statistical analysis 197 

The Hardy-Weinberg equilibrium (HWE) was tested for the selected SNPs using 198 

SNPstats software (Sole et al., 2006). Statistical analyses were performed using the 199 

statistical package IBM SPSS Statistics 24 for Windows (SPSS Inc, Chicago, IL, USA). 200 

Binary logistic regression was used to test association of each SNP (using codominant, 201 

dominant and recessive genetic models) with FM risk and clinical manifestations. The 202 
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degree of statistical significance for the variable “age” was established by applying the 203 

Mann-Whitney U-test. The level of statistical significance was set at P < 0.05. ILIBRIO  204 

To assess the relation between SNPs, demographic and clinical features of patients with 205 

FM, we categorized the variables. We categorized the age in two groups of age, <50 206 

years and >50 years, and the duration of the disease in duration < 10 years and duration 207 

> 10 years. According to the FIQ score, FM was classified as mild (below 50), moderate 208 

(50-70) and severe (70-100) (Castaño et al., 2018). The level of pain, determined by the 209 

VAS score, was classified as low (below 5), medium (5-8) and high (8-10). The 210 

physical and mental health status, determined by the PCS-12 and the MCS-12 211 

respectively, were categorized as severe (below 30), moderate (30-50) and mild (50-212 

100). The level of fatigue, determined by the MFI score, was classified as mild (below 213 

50), moderate (50-70) and severe (70-100). 214 

 215 

RESULTS 216 

Study subjects 217 

In Table 1 are summarized the demographic and clinical characteristics of the 218 

participants. One hundred and forty one patients with FM participated in the present 219 

study, of whom 130 (92.20%) were women and 11 were men (7.80%). Of the 73 220 

healthy controls included in the study, 69 (94.52%) were women and 4 were men 221 

(5.48%). There were significant differences in age between cases and controls (p = 222 

0.002). The duration of disease in patients with FM was 11.83 ± 9.07 (mean ± standard 223 

deviation). Not all FM patients completed correctly all the questionnaires, so 224 

questionnaires that were not correctly completed or the incomplete questionnaires were 225 
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discarded for the analysis. Table 1 includes the number of patients who did not correctly 226 

complete each of the questionnaires. 227 

 228 

INSERT TABLE 1 229 

 230 

Correlations between SNPs and susceptibility to FM 231 

Firstly, we performed a case-control analysis. All SNPs were successfully genotyped in 232 

the present population. The rs1001179 (CAT) was discarded for following analysis 233 

because it did not meet the HWE criterion (p < 0.0001). Table 2 shows the genotypes 234 

frequencies for rs10432782 (SOD1) and rs4673 (CYBA) in patients with FM and 235 

controls. The GG genotype for rs10432782 (SOD1) was more prevalent in FM patients 236 

(4.3%) than in controls (2.7%), although without reaching statistical significance. The 237 

AA genotype for rs4673 (CYBA) was more common among controls (26.0%) than 238 

among patients with FM (19.9%), but without reaching statistical significance. 239 

INSERT TABLE 2 240 

 241 

Associations between SNPs and demographic and clinical manifestations in 242 

patients with FM 243 

Significant associations between genetic variants and FM clinical manifestations are 244 

presented in Table 3. The rs10432782 was significantly associated with the FIQ score. 245 

G allele carriers showed lower FIQ score than T carriers (p < 0.001; OR 0.085 [0.022-246 

0.327]). Duration of disease is lower in A carriers for rs4673 than in G carriers (p = 247 
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0.014; OR 3.233 [1.274-8.206]). Moreover, A carriers for rs4673 presented lower MCS-248 

12 score than G carriers (p = 0.027; OR 2.719 [1.122-6.585]), as well as moderate 249 

fatigue in comparison to G carriers, which presented severe fatigue (p = 0.017; OR 250 

0.152 [0.032-0.710]). There were no significant associations among the SNPs examined 251 

and the age and the VAS and PCS-12 scores.  252 

INSERT TABLE 3 253 

 254 

DISCUSSION 255 

The main goal of the present study was to identify candidate genes associated with FM 256 

susceptibility. Our results have not shown significant differences between FM patients 257 

and controls for the rs10432782 SNP in the SOD1 gene or for the rs4673 SNP in the 258 

CYBA gene, although we can predict a tendency of some genotypes among the FM 259 

population. Given the role that oxidative stress may play in the pathogenesis of FM, we 260 

hypothesize that we have not found statistically significant differences between groups 261 

for the SNPs analyzed probably due to the limitations of candidate-gene studies, which 262 

are discussed later. In contrast, a previous study identified associations of SNPs in 263 

guanosine triphosphate cyclohydrolase 1 (GCH1) gene, catechol-O-methyltransferase 264 

(COMT) gene and opioid receptor μ1 (OPRM1) gene with higher risk of FM 265 

susceptibility (Estévez-López et al., 2018). 266 

In agree with our result for rs10432782, a previous study that examined SNPs in genes 267 

encoding two antioxidant enzymes failed to find significant differences for MnSOD2 268 

and glutathione peroxidase 1 (GPX1) between FM patients and controls (Akbas et al., 269 

2014). The same authors reported higher SOD enzyme activity in FM patients compared 270 
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to controls (Akbas et al., 2014). Nevertheless, results regarding SOD enzyme activity in 271 

patients with FM are controversial, because other authors reported lower SOD activity 272 

(Bagis et al., 2005; La Rubia et al., 2013) and even unchanged SOD activity in patients 273 

with FM in comparison to healthy controls (Koca et al., 2018; Toker et al., 2014). These 274 

conflicting results may be due to the characteristics of the study participants. Each study 275 

uses different inclusion and exclusion criteria to select participants, and patients with 276 

FM usually have many comorbidities, which could explain the diversity of results 277 

obtained in these studies. 278 

The CYBA gene encodes the Cytochrome B-245 Alpha Chain (also known as p22-279 

phox) subunit of the enzyme NADPH oxidase.  There are no studies available that 280 

analyze NADPH oxidase activity or CYBA variants in patients with FM. However, 281 

association studies have revealed significant associations between CYBA gene 282 

polymorphisms and cardiovascular diseases, such as hypertension, coronary artery 283 

disease, myocardial infarction, cerebrovascular disease, and diabetic and non-diabetic 284 

nephropathy (San José et al., 2008) Along this lines, recent study described a 285 

prothrombotic state in patients with FM that may increase the risk of cardiovascular 286 

disease in these patients (Molina et al., 2019).  287 

Although we could not prove any significant association between FM and the 288 

rs1001179 SNP in CAT gene, previous studies showed lower CAT enzyme activity in 289 

patients with FM in comparison to healthy subjects   (Cordero et al., 2012; Fatima et al., 290 

2017; La Rubia et al., 2013; Sendur et al., 2009). 291 

We have identified, for the first time, significant associations among rs10432782 292 

(SOD1) and rs4673 (CYBA) and the clinical data of FM patients. The rs10432782 293 

(SOD1) was associated with the severity of FM, determined by the FIQ. In addition, the 294 
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rs4673 (CYBA) was associated with the mental health status (determined by the MCS-295 

12), the fatigue (assessed by the MFI) and the duration of disease in FM patients. The 296 

identification of these correlations among SOD1 and CYBA variants and FM clinical 297 

parameters contributes to increase the knowledge about the pathophysiology of this 298 

complex syndrome. To the best of our knowledge, there are no data available on 299 

associations between these SNPs and FM clinical characteristics. However, it has been 300 

reported that the SOD2 Ala16Val polymorphism was associated with migraine 301 

(Palmirotta et al., 2015). To this regard, migraine and headache are frequently 302 

associated with FM (Evans & de Tommaso, 2011). Previous studies investigated the 303 

relationship among CAT and SOD enzyme activities and clinical manifestations of FM. 304 

While a significant negative correlation was reported between CAT activity and 305 

headache, determined using the Headache Impact Test (HIT-6) (Cordero et al., 2012), 306 

other authors did not find relationships among CAT activity and several clinical 307 

parameters such as fatigue, pain, severity of FM (FIQ), depression or anxiety (Sendur et 308 

al., 2009). No correlations were previously found between SOD activity and the FIQ 309 

score (Ozgocmen, Ozyurt, Sogut, & Akyol, 2006) or the VAS score (Bagis et al., 2005) 310 

in patients with FM. Although we have found a significant association between duration 311 

of disease and rs4673, other authors reported that duration of disease did not affect 312 

oxidative stress parameters in patients with FM (Bagis et al., 2005). On the other hand, 313 

we failed to find significant associations between age and the SNPs analyzed, 314 

suggesting that age may not influence variants of the oxidative stress-related genes 315 

studied in the present work. Similarly, a previous study reported that age did not affect 316 

oxidative stress parameters in patients with FM (Bagis et al., 2005). Regarding age, our 317 

results have shown significant differences between cases and controls. However, these 318 

differences might not affect the results obtained, since our data have shown that age 319 
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may not influence the SNPs analyzed. Moreover, the statistical analyzes between cases 320 

and controls performed in the present study were adjusted for age. On the other hand, 321 

the age of both study groups was around the most frequent age range for the appearance 322 

of FM, which is between 40 and 49 years  (Cabo-Meseguer et al., 2017). 323 

 324 

Candidate-gene studies have several limitations. The main limitation of the present 325 

study is the sample size of both FM and control groups, which limits the statistical 326 

power. Therefore, our findings need to be verified by additional studies in other cohorts 327 

of FM patients. Second, in candidate-gene analysis we only analyze the selected genes 328 

without knowing what happens in the rest of the genome, which may be interesting in 329 

complex diseases such as FM.  330 

 331 

Conflict of interest 332 

Authors declare no conflicts of interest. 333 

334 



17 

 

REFERENCES 335 

Akbas, A., Inanir, A., Benli, I., Onder, Y., & Aydogan, L. (2014). Evaluation of some 336 

antioxidant enzyme activities (SOD and GPX) and their polymorphisms (MnSOD2 337 

Ala9Val, GPX1 Pro198Leu) in fibromyalgia. European Review for Medical and 338 

Pharmacological Sciences, 18(8), 1199–1203. 339 

http://www.ncbi.nlm.nih.gov/pubmed/24817295 340 

Alonso, J., Prieto, L., & Antó, J. M. (1995). [The Spanish version of the SF-36 Health 341 

Survey (the SF-36 health questionnaire): an instrument for measuring clinical 342 

results]. Medicina Clinica, 104(20), 771–776. 343 

http://www.ncbi.nlm.nih.gov/pubmed/7783470 344 

Bagis, S., Tamer, L., Sahin, G., Bilgin, R., Guler, H., Ercan, B., & Erdogan, C. (2005). 345 

Free radicals and antioxidants in primary fibromyalgia: An oxidative stress 346 

disorder? Rheumatology International, 25(3), 188–190. 347 

https://doi.org/10.1007/s00296-003-0427-8 348 

Bellato, E., Marini, E., Castoldi, F., Barbasetti, N., Mattei, L., Bonasia, D. E., & 349 

Blonna, D. (2012). Fibromyalgia Syndrome: Etiology, Pathogenesis, Diagnosis, 350 

and Treatment. Pain Research and Treatment, 2012, 1–17. 351 

https://doi.org/10.1155/2012/426130 352 

Cabo-Meseguer, A., Cerdá-Olmedo, G., & Trillo-Mata, J. L. (2017). Fibromialgia: 353 

prevalencia, perfiles epidemiológicos y costes económicos. Medicina Clínica, 354 

149(10), 441–448. https://doi.org/10.1016/j.medcli.2017.06.008 355 

Castaño, M. Y., Garrido, M., Rodríguez, A. B., & Gómez, M. Á. (2018). Melatonin 356 

Improves Mood Status and Quality of Life and Decreases Cortisol Levels in 357 



18 

 

Fibromyalgia. Biological Research for Nursing, 21(1), 1099800418811634. 358 

https://doi.org/10.1177/1099800418811634 359 

Close, G. L., Ashton, T., McArdle, A., & MacLaren, D. P. M. (2005). The emerging 360 

role of free radicals in delayed onset muscle soreness and contraction-induced 361 

muscle injury. In Comparative Biochemistry and Physiology - A Molecular and 362 

Integrative Physiology (Vol. 142, Issue 3, pp. 257–266). Elsevier Inc. 363 

https://doi.org/10.1016/j.cbpa.2005.08.005 364 

Cordero, M. D., Cano-García, F. J., Alcocer-Gómez, E., De Miguel, M., & Sánchez-365 

Alcázar, J. A. (2012). Oxidative Stress Correlates with Headache Symptoms in 366 

Fibromyalgia: Coenzyme Q10 Effect on Clinical Improvement. PLoS ONE, 7(4), 367 

e35677. https://doi.org/10.1371/journal.pone.0035677 368 

D’Agnelli, S., Arendt-Nielsen, L., Gerra, M. C., Zatorri, K., Boggiani, L., Baciarello, 369 

M., & Bignami, E. (2019). Fibromyalgia: Genetics and epigenetics insights may 370 

provide the basis for the development of diagnostic biomarkers. Molecular Pain, 371 

15, 174480691881994. https://doi.org/10.1177/1744806918819944 372 

Estévez-López, F., Camiletti-Moirón, D., Aparicio, V. A., Segura-Jiménez, V., Álvarez-373 

Gallardo, I. C., Soriano-Maldonado, A., Borges-Cosic, M., Acosta-Manzano, P., 374 

Geenen, R., Delgado-Fernández, M., Martínez-González, L. J., Ruiz, J. R., & 375 

Álvarez-Cubero, M. J. (2018). Identification of candidate genes associated with 376 

fibromyalgia susceptibility in southern Spanish women: the al-Ándalus project. 377 

Journal of Translational Medicine, 16(1), 43. https://doi.org/10.1186/s12967-018-378 

1416-8 379 

Evans, R. W., & de Tommaso, M. (2011). Migraine and Fibromyalgia. Headache: The 380 



19 

 

Journal of Head and Face Pain, 51(2), 295–299. https://doi.org/10.1111/j.1526-381 

4610.2010.01835.x 382 

Fatima, G., Das, S. K., & Mahdi, A. A. (2017). Some oxidative and antioxidative 383 

parameters and their relationship with clinical symptoms in women with 384 

fibromyalgia syndrome. International Journal of Rheumatic Diseases, 20(1), 39–385 

45. https://doi.org/10.1111/1756-185X.12550 386 

Fulle, S., Mecocci, P., Fanó, G., Vecchiet, I., Vecchini, A., Racciotti, D., Cherubini, A., 387 

Pizzigallo, E., Vecchiet, L., Senin, U., & Beal, M. F. (2000). Specific oxidative 388 

alterations in vastus lateralis muscle of patients with the diagnosis of chronic 389 

fatigue syndrome. Free Radical Biology and Medicine, 29(12), 1252–1259. 390 

https://doi.org/10.1016/S0891-5849(00)00419-6 391 

Gao, X., Kim, H. K., Chung, J. M., & Chung, K. (2007). Reactive oxygen species 392 

(ROS) are involved in enhancement of NMDA-receptor phosphorylation in animal 393 

models of pain. Pain, 131(3), 262–271. https://doi.org/10.1016/j.pain.2007.01.011 394 

Gómez-Martín, A., Hernández, A. F., Martínez-González, L. J., González-Alzaga, B., 395 

Rodríguez-Barranco, M., López-Flores, I., Aguilar-Garduno, C., & Lacasana, M. 396 

(2015). Polymorphisms of pesticide-metabolizing genes in children living in 397 

intensive farming communities. Chemosphere, 139, 534–540. 398 

https://doi.org/10.1016/j.chemosphere.2015.07.079 399 

Ibi, M., Matsuno, K., Shiba, D., Katsuyama, M., Iwata, K., Kakehi, T., Nakagawa, T., 400 

Sango, K., Shirai, Y., Yokoyama, T., Kaneko, S., Saito, N., & Yabe-Nishimura, C. 401 

(2008). Reactive oxygen species derived from NOX1/NADPH oxidase enhance 402 

inflammatory pain. Journal of Neuroscience, 28(38), 9486–9494. 403 



20 

 

https://doi.org/10.1523/JNEUROSCI.1857-08.2008 404 

Kim, H. Y., Chung, J. M., & Chung, K. (2008). Increased production of mitochondrial 405 

superoxide in the spinal cord induces pain behaviors in mice: The effect of 406 

mitochondrial electron transport complex inhibitors. Neuroscience Letters, 447(1), 407 

87–91. https://doi.org/10.1016/j.neulet.2008.09.041 408 

Koca, T. T., Seyithanoglu, M., Sagiroglu, S., Berk, E., & Dagli, H. (2018). Frequency 409 

of audiological complaints in patients with fibromyalgia syndrome and its 410 

relationship with oxidative stress. Nigerian Journal of Clinical Practice, 21(10), 411 

1271–1277. https://doi.org/10.4103/njcp.njcp_95_18 412 

La Rubia, M., Rus, A., Molina, F., & del Moral, M. L. (2013). Is fibromyalgia-related 413 

oxidative stress implicated in the decline of physical and mental health status? 414 

Clinical and Experimental Rheumatology, 31(SUPPL.79). 415 

https://pubmed.ncbi.nlm.nih.gov/24373370/ 416 

Marques, A. P., Assumpção, A., Matsutani, L. A., Pereira, C. A. B., & Lage, L. (2008). 417 

Pain in fibromyalgia and discrimination power of the instruments: Visual Analog 418 

Scale, Dolorimetry and the McGill Pain Questionnaire. Acta Reumatologica 419 

Portuguesa, 33(3), 345–351. https://pubmed.ncbi.nlm.nih.gov/18846013/ 420 

Martínez-Martos, J. M., Correa-Rodríguez, M., Rus, A., Molina, F., Ramírez-Expósito, 421 

M. J., & Aguilar-Ferrandiz, M. E. (2019). Altered Serum Oxytocinase and 422 

Enkephalin-Degrading Aminopeptidase Activities in Patients With Fibromyalgia. 423 

Biological Research for Nursing, 21(4), 431–439. 424 

https://doi.org/10.1177/1099800419854207 425 

Molina, F., Del Moral, M. L., La Rubia, M., Blanco, S., Carmona, R., & Rus, A. (2019). 426 



21 

 

Are Patients With Fibromyalgia in a Prothrombotic State? Biological Research for 427 

Nursing, 21(2), 224–230. https://doi.org/10.1177/1099800418824716 428 

Munguía-Izquierdo, D., Segura-Jiménez, V., Camiletti-Moirón, D., Pulido-Martos, M., 429 

Alvarez-Gallardo, I. C., Romero, A., Aparicio, V. A., Carbonell-Baeza, A., & 430 

Delgado-Fernández, M. (2012). Multidimensional Fatigue Inventory: Spanish 431 

adaptation and psychometric properties for fibromyalgia patients. The Al-Andalus 432 

study. Clinical and Experimental Rheumatology, 30(6 Suppl 74), 94–102. 433 

http://www.ncbi.nlm.nih.gov/pubmed/23261007 434 

Ozgocmen, S., Ozyurt, H., Sogut, S., & Akyol, O. (2006). Current concepts in the 435 

pathophysiology of fibromyalgia: the potential role of oxidative stress and nitric 436 

oxide. Rheumatology International, 26(7), 585–597. 437 

https://doi.org/10.1007/s00296-005-0078-z 438 

Ozgocmen, S., Ozyurt, H., Sogut, S., Akyol, O., Ardicoglu, O., & Yildizhan, H. (2006). 439 

Antioxidant status, lipid peroxidation and nitric oxide in fibromyalgia: etiologic 440 

and therapeutic concerns. Rheumatology International, 26(7), 598–603. 441 

https://doi.org/10.1007/s00296-005-0079-y 442 

Palmirotta, R., Barbanti, P., De Marchis, M. L., Egeo, G., Aurilia, C., Fofi, L., Ialongo, 443 

C., Valente, M. G., Ferroni, P., Della-Morte, D., & Guadagni, F. (2015). Is SOD2 444 

Ala16Val polymorphism associated with migraine with aura phenotype? 445 

Antioxidants & Redox Signaling, 22(3), 275–279. 446 

https://doi.org/10.1089/ars.2014.6069 447 

Ramírez-Tejero, J. A., Martínez-Lara, E., Rus, A., Camacho, M. V., Del Moral, M. L., 448 

& Siles, E. (2018). Insight into the biological pathways underlying fibromyalgia by 449 



22 

 

a proteomic approach. Journal of Proteomics, 186, 47–55. 450 

https://doi.org/10.1016/j.jprot.2018.07.009 451 

Rivera, J., & González, T. (2004). The Fibromyalgia Impact Questionnaire: a validated 452 

Spanish version to assess the health status in women with fibromyalgia. Clinical 453 

and Experimental Rheumatology, 22(5), 554–560. 454 

http://www.ncbi.nlm.nih.gov/pubmed/15485007 455 

Rus, A., Molina, F., Del Moral, M. L., Ramírez-Expósito, M. J., & Martínez-Martos, J. 456 

M. (2018). Catecholamine and Indolamine Pathway: A Case–Control Study in 457 

Fibromyalgia. Biological Research For Nursing, 20(5), 577–586. 458 

https://doi.org/10.1177/1099800418787672 459 

Rus, A., Molina, F., Gassó, M., Camacho, M. V., Peinado, M. Á., & Moral, M. L. del. 460 

(2016). Nitric Oxide, Inflammation, Lipid Profile, and Cortisol in Normal- and 461 

Overweight Women With Fibromyalgia. Biological Research For Nursing, 18(2), 462 

138–146. https://doi.org/10.1177/1099800415591035 463 

San José, G., Fortuño, A., Beloqui, Ó., Díez, J., & Zalba, G. (2008). NADPH oxidase 464 

CYBA polymorphisms, oxidative stress and cardiovascular diseases. Clinical 465 

Science, 114(3), 173–182. https://doi.org/10.1042/CS20070130 466 

Schwartz, E. S., Hee, Y. K., Wang, J., Lee, I., Klann, E., Jin, M. C., & Chung, K. 467 

(2009). Persistent pain is dependent on spinal mitochondrial antioxidant levels. 468 

Journal of Neuroscience, 29(1), 159–168. 469 

https://doi.org/10.1523/JNEUROSCI.3792-08.2009 470 

Sendur, O. F., Turan, Y., Tastaban, E., Yenisey, C., & Serter, M. (2009). Serum 471 

antioxidants and nitric oxide levels in fibromyalgia: a controlled study. 472 



23 

 

Rheumatology International, 29(6), 629–633. https://doi.org/10.1007/s00296-008-473 

0738-x 474 

Sole, X., Guino, E., Valls, J., Iniesta, R., & Moreno, V. (2006). SNPStats: a web tool for 475 

the analysis of association studies. Bioinformatics, 22(15), 1928–1929. 476 

https://doi.org/10.1093/bioinformatics/btl268 477 

Soriano-Maldonado, A., Amris, K., Ortega, F. B., Segura-Jiménez, V., Estévez-López, 478 

F., Álvarez-Gallardo, I. C., Aparicio, V. A., Delgado-Fernández, M., Henriksen, 479 

M., & Ruiz, J. R. (2015). Association of different levels of depressive symptoms 480 

with symptomatology, overall disease severity, and quality of life in women with 481 

fibromyalgia. Quality of Life Research, 24(12), 2951–2957. 482 

https://doi.org/10.1007/s11136-015-1045-0 483 

Toker, A., Kucuksen, S., Kucuk, A., & Cicekler, H. (2014). Serum ischemia-modified 484 

albumin and malondialdehyde levels and superoxide dismutase activity in patients 485 

with fibromyalgia. Clinical Laboratory, 60(10), 1609–1615. 486 

https://doi.org/10.7754/clin.lab.2014.131017. 487 

Vilagut, G., Valderas, J. M., Ferrer, M., Garin, O., López-García, E., & Alonso, J. 488 

(2008). Interpretación de los cuestionarios de salud SF-36 y SF-12 en España: 489 

Componentes físico y mental. Medicina Clinica, 130(19), 726–735. 490 

https://doi.org/10.1157/13121076 491 

Wang, Z. Q., Porreca, F., Cuzzocrea, S., Galen, K., Lightfoot, R., Masini, E., Muscoli, 492 

C., Mollace, V., Ndengele, M., Ischiropoulos, H., & Salvemini, D. (2004). A 493 

newly identified role for superoxide in inflammatory pain. Journal of 494 

Pharmacology and Experimental Therapeutics, 309(3), 869–878. 495 



24 

 

https://doi.org/10.1124/jpet.103.064154 496 



TABLE 1  
 
Summary of demographic and clinical characteristics of the participants 
  

 
FM patients (Total n=141)

M (SD) or n 
Controls (Total n=73)  

M (SD) or n 

Age (years)  54.40 (7.40) 51.48 (7.44) 
<50  35 31
>50  103 42

Missing  3 ‐

Duration of FM 
(years) 

11.83 (9.07)  ‐ 

<10   53 ‐
>10   63 ‐

Missing  25 ‐

FIQ  69.68 (15.28) ‐

mild (<50)  14  ‐ 

moderate (50‐70)  43 ‐

severe (70‐100)  72 ‐

Missing  12 ‐

MFI  81.46 (12.12) ‐

mild (<50)  0 ‐

moderate (50‐70)   26 ‐

severe (70‐100)  107 ‐

Missing  8 ‐

VAS  7.00 (2.01) ‐

low (<5)  20  ‐ 

medium (5‐8)  66 ‐

high (8‐10)  44 ‐

Missing  11 ‐

PCS‐12  28.83 (5.65) ‐

Severe (< 30)  80 ‐

moderate (30‐50)  49  ‐ 

mild (50‐100)  0 ‐

Missing  12 ‐

MCS‐12  32.99 (11.14) ‐

severe (< 30)  60  ‐ 

moderate (30‐50)  53 ‐

mild (50‐100)  16  ‐ 

Missing  12  ‐ 

Note: Abbreviations: FM (Fibromyalgia), FIQ (Fibromyalgia Impact Questionnaire), M 

(mean), MCS-12 (mental health status), MFI (Multidimensional Fatigue Inventory), n 

(number of subjects), PCS-12 (physical health status), SD (standard derivation) and 

VAS (Visual Analogue Scale). 

 



TABLE 2  

Genotypes frequencies in patients with fibromyalgia (FM) and controls 

 

SNP  Genotype 
FM patients
(n=141) 

Controls
(n=73) 

OR [95% CI]  Pa 

rs10432782 
(SOD1) 

Codominant   

TT  117 (83.0%) 61 (83.6%) 1.00 [reference]  0.781 

TG  18 (12.8%) 10 (13.7%) 0.871 [0.369‐2.056]   

GG  6 (4.3%) 2 (2.7%) 1.661 [0.321‐8.578]   

Dominant   

TT  117 (83.0%) 61 (83.6%) 1.00 [reference]  0.995 

TG/GG  24 (17.0%) 12 (16.4%) 1.003 [0.461‐2.181]   

Recessive   

GG  6 (4.3%) 2 (2.7%) 1.691 [0.329‐8.699]   

TG/TT  135 (95.7%) 71 (97.3%) 1.00 [reference]  0.530 

rs4673 

(CYBA) 

Codominant         

GG  44 (31.2%) 23 (31.5%) 1.00 [reference]  0.534 

GA  69 (48.9%) 31 (42.5%) 1.165 [0.593‐2.288]   

AA  28 (19.9%) 19 (26.0%) 0.764 [0.345‐1.689]   

Dominant   

GG  44 (31.2%) 23 (31.5%) 1.00 [reference]  0.966 

GA/AA  97 (68.8%) 50 (68.5%) 1.014 [0.542‐1.895]   

Recessive   

AA  28 (19.9%) 19 (26.0%) 0.697 [0.351‐1.383]   

GA/GG  113 (80.1%) 54 (74.0%) 1.00 [reference]  0.302 

Note: a Binary Logistic Regression adjusted by sex and age.  

 

 
 

 



TABLE 3 

Significant associations between genetic variants and fibromyalgia (FM) clinical manifestations 

SNP  Genotype 
Duration of FM FIQ score MFI scorec MCS‐12 score

OR [95% CI] Pa OR [95% CI] Pb OR [95% CI] Pb OR [95% CI] Pb

rs10432782 
(SOD1) 

TT  ‐ ‐ 1.00 [reference] <0.001  ‐ ‐ ‐ ‐

TG/GG 
‐ 

0.085 [0.022‐
0.327] 

‐  ‐ 

rs4673 
(CYBA) 

GG  1.00 [reference] 0.014 ‐ ‐ 1.00 [reference] 0.017 1.00 [reference] 0.027

GA/AA 
3.233 [1.274‐

8.206] 
‐  0.152 [0.032‐0.710]  2.719 [1.122‐6.585]

Notes: a Binary Logistic Regression adjusted by sex and age. b Binary Logistic Regression adjusted by sex, age and duration of FM.  For the 

Binary Logistic Regression, patients with FM were dichotomized into two groups as follows: Duration of FM (< 10 years vs. > 10 years), FIQ 

score (mild vs. moderate-severe severity of FM), MCS-12 score (severe vs. moderate-mild mental health status) and MFI score (moderate vs. 

severe fatigue). c There were no FM patients with mild levels of fatigue.  
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