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Fibromyalgia (FM) is increasingly recognized as a disorder driven by oxidative

stress, mitochondrial dysfunction, and neuroinflammation, contributing to pain

sensitization and fatigue. This review explores the role of redox imbalance in

FM and evaluates potential therapeutic interventions. A scoping literature

search was conducted using PubMed, Scopus, and Google Scholar. Findings

indicate elevated oxidative stress markers (MDA, 4-HNE), impaired antioxidant

defenses [CoQ10 (Coenzyme Q10), SOD, catalase], and mitochondrial

dysfunction in FM patients. Preclinical and small-scale clinical studies suggest

potential benefits of NRF2 activation, high-dose thiamine, CoQ10, molecular

hydrogen, and oxygen-ozone (O2O3) therapy. However, human trial evidence

is limited, and standardized treatment protocols are lacking. Given the

absence of robust RCTs, oxidative stress modulation in FM remains

investigational. Future research should prioritize high-quality RCTs to establish

the efficacy, safety, and clinical application of redox-targeted therapies.
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Introduction

Fibromyalgia (FM) is a chronic pain syndrome characterized by widespread

musculoskeletal pain, profound fatigue, and cognitive dysfunction. While its precise

etiology remains unclear, growing evidence implicates oxidative stress and

mitochondrial dysfunction as key contributors to its pathophysiology (1, 2).

Oxidative stress results from an imbalance between reactive oxygen species (ROS)

production and antioxidant defenses, leading to cellular damage, lipid peroxidation,

mitochondrial dysfunction, and neuroinflammation—all of which may exacerbate pain

sensitization and fatigue in FM (3, 4).

Mitochondrial dysfunction in Redox imbalance is marked by decreased CoQ10 levels,

reduced mitochondrial DNA content, and impaired electron transport chain activity,

leading to excessive ROS production and decreased ATP synthesis. These bioenergetic

deficits contribute to muscle and neuronal fatigue (1, 2).

This scoping review aims to examine the role of oxidative stress and mitochondrial

dysfunction in FM, with a focus on redox imbalance, neuroinflammation, and potential

therapeutic interventions targeting these pathways. This review also seeks to identify

gaps in knowledge and highlight potential directions for future research into redox-

targeted treatments for FM.
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Method

This scoping review followed the PRISMA-ScR guidelines.

A systematic search was conducted across Medline (Ovid),

Embase, and Web of Science from inception to January 2025 to

identify relevant literature on oxidative stress, mitochondrial

dysfunction, and antioxidant therapies in fibromyalgia (FM).

Boolean operators and Medical Subject Headings (MeSH) were

applied to refine the search strategy. For example, the Medline

search included:

exp Fibromyalgia/or fibromyalgia.mp.

AND

exp Oxidative Stress/or oxidative stress.mp. or redox

imbalance.mp.

Similar expressions were adapted for Embase and Web of Science.

“OR” was used to combine synonyms or related terms within a

concept, and “AND” was used to combine major concepts across

themes. The full search strategy for each database is provided in

the Supplementary Material.

This review was not registered on PROSPERO as it is a scoping

review. However, the protocol was developed a priori and followed

a standardized framework.

Study selection was guided by the following
PICO-derived questions

In individuals with fibromyalgia, does increased oxidative stress

or mitochondrial dysfunction (compared to healthy controls)

correlate with greater symptom severity and inflammatory

biomarkers?

In fibromyalgia, do alterations in phospholipid

metabolism (e.g., reduced lysophosphatidylcholines, increased

lysophosphatidylethanolamines) contribute to neuroinflammatory

signaling and pain sensitization?

Do individuals with fibromyalgia exhibit reduced antioxidant

capacity—such as lower superoxide dismutase (SOD), catalase, or

CoQ10—that correlates with increased oxidative stress and

symptom severity?

Do redox-modulating therapies (e.g., thiamine, CoQ10, NRF2

activators, molecular hydrogen), when compared to placebo or

standard care, improve pain, fatigue, sleep, or oxidative stress

markers in FM?

Eligibility criteria

Studies were included if they met the following
criteria
Population

Human studies in individuals with fibromyalgia or preclinical

models relevant to oxidative stress, mitochondrial dysfunction, or

redox-modulating interventions.

Study design

RCTs, systematic reviews, meta-analyses, observational studies, and

mechanistic preclinical studies.

Exclusions

Case reports with fewer than 10 patients, non-English publications,

and studies not specific to fibromyalgia.

Study selection and data extraction

A total of 446 articles were retrieved. Two reviewers

independently screened titles and abstracts for inclusion, with

conflicts resolved by a third reviewer. Of these, 169 articles were

included after full-text review.

Data were extracted into a standardized table

capturing
Study design, Sample size and population, Intervention or

exposure (e.g., antioxidant agent, mitochondrial marker),

Outcomes (e.g., pain, fatigue, oxidative markers), Key findings

relevant to the PICO questions above.

Quality assessment

Randomized controlled trials were assessed using GRADE

methodology. Observational and preclinical studies were retained

for mechanistic insights but assigned lower levels of certainty in

clinical translation.

Chronic pain involves persistent nociceptor and microglial

overactivation, which leads to electron transport chain (ETC)

dysfunction in neuronal mitochondria and excessive production

of reactive oxygen species (ROS) and reactive nitrogen species

(RNS). This disruption initiates a vicious cycle of oxidative stress,

mitochondrial dysfunction, and neuroinflammation, further

sensitizing pain pathways. In overactivated nociceptors,

mitochondrial ETC dysfunction results in electron leakage,

leading to the formation of superoxide (O₂−·). This superoxide is

rapidly converted into hydrogen peroxide (H₂O₂), which, in the

presence of Fe2+, generates highly reactive hydroxyl radicals

(·OH) through the Fenton reaction. Similarly, activated microglia

contribute to oxidative stress by upregulating NADPH oxidase 2

(NOX2), which generates O₂−·, and inducible nitric oxide

synthase (iNOS), which produces nitric oxide (NO). The reaction

between NO and O₂−· forms peroxynitrite (ONOO−), a potent

RNS capable of nitrating and damaging cellular structures. The

accumulation of ROS and RNS results in lipid peroxidation,

where polyunsaturated fatty acids (PUFAs) in neuronal

membranes undergo oxidative damage, compromising cell

integrity and function. Additionally, these reactive species induce

DNA oxidation, leading to mitochondrial and nuclear DNA

mutations, further impairing ATP production and exacerbating

ETC dysfunction. As a result, mitochondria become increasingly

inefficient, producing more ROS and RNS, perpetuating neuronal

injury, microglial activation, and chronic inflammation. Although
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antioxidant defense mechanisms [glutathione peroxidase (GPx),

peroxiredoxin (Prx), and catalase (Cat)] work to neutralize ROS,

their capacity is often overwhelmed in chronic pain states. This

imbalance sustains a self-amplifying loop of oxidative stress,

neuroinflammation, and mitochondrial dysfunction, reinforcing

chronic pain pathophysiology.

Oxidative stress, mitochondrial dysfunction,
and fibromyalgia

Fibromyalgia (FM) is associated with oxidative stress and redox

imbalance, contributing to mitochondrial dysfunction,

neuroinflammation, and central sensitization (1) (Figure 1).

Elevated lipid peroxidation markers, such as malondialdehyde

(MDA) and 4-hydroxynonenal (4-HNE), correlate with symptom

severity in observational human studies, suggesting that reactive

oxygen species (ROS) drive oxidative damage in FM. ROS,

including superoxide (O₂−), hydroxyl radicals (OH−), and

hydrogen peroxide (H₂O₂), are highly reactive molecules that

damage lipids, proteins, and DNA. Lipid peroxidation occurs

when ROS attack polyunsaturated fatty acids in cell membranes,

forming MDA and 4-HNE as toxic byproducts. These reactive

aldehydes further disrupt mitochondrial function, activate pro-

inflammatory pathways (e.g., NF-κB), and sensitize nociceptive

neurons, contributing to neuroinflammation, neuronal

dysfunction in FM (1, 5).

Mitochondrial dysfunction in FM is evident from reduced

electron transport chain (ETC) activity, lower oxygen

consumption in muscle biopsies, and diminished bioenergetic

reserve (6). Muscle and neural tissue show decreased PGC-1α

and mitofusin-2 (Mfn2) expression, critical regulators of

mitochondrial biogenesis and fusion, contributing to ATP deficits

and ROS accumulation (7, 8). These changes impair nociceptive

threshold regulation and neuronal resilience.

Neuronal and microglial mitochondrial dysfunction in FM

impairs electron transport chain (ETC) activity, leading to

electron leakage and superoxide (O₂−) formation, which

contribute to ATP deficits. The mitochondrial impairment in FM

is evident from reduced bioenergetic health index (BHI) and

increased mitochondrial miRNAs (mitomiR-145-5p) in

peripheral blood mononuclear cells (PBMCs), which regulate

oxidative stress responses (4). CoQ10 depletion further disrupts

electron transfer, and impairing ATP synthesis. In neurons, ATP

deficits compromise ion channel function and neurotransmitter

release, weakening descending pain inhibition and promoting

central sensitization. In microglia, mitochondrial dysfunction

shifts them into a pro-inflammatory state, which amplifies

neuroinflammation and nociceptive sensitization. An animal

study in a reserpine-induced fibromyalgia model demonstrated

that TRPA1 activation in glial cells promotes oxidative stress via

NADPH oxidase (NOX1), leading to neuroinflammation and

nociceptor sensitization (9). In human observational FM studies,

increased serum tumor necrosis factor-alpha (TNF-α) levels

FIGURE 1

Pathophysiology of overactivation-induced oxidative stress in chronic pain.

Ho et al. 10.3389/fpain.2025.1593908

Frontiers in Pain Research 03 frontiersin.org

https://doi.org/10.3389/fpain.2025.1593908
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org/


correlate negatively with CoQ10 and positively with ROS (10). The

resultant microglial activation in the central nervous system also

reinforces neuroinflammation, contributing to persistent pain and

fatigue in FM (2, 10).

Observational studies indeed suggest that oxidative stress

disrupts neurotransmitter regulation, particularly serotonin (11).

Oxidative stress impairs serotonin signaling by diverting

tryptophan to the kynurenine pathway, damaging synthesis

enzymes like TPH (tryptophan hydroxylase), and disrupting

ATP-dependent neurotransmitter release. Serotonin depletion

may increase pain sensitivity, depression, and anxiety.

Additionally, deficits in endogenous pain inhibition, particularly

within the descending noradrenergic pathway, are implicated in

central sensitization. Oxidative stress may impair this pathway,

reducing its ability to suppress nociceptive transmission, thereby

contributing to exaggerated pain responses in FM (2).

Lipid metabolism alterations and
fibromyalgia

Recent metabolomic studies have highlighted

significant alterations in lipid metabolism in FM patients,

particularly shifts in phospholipid composition (12). Normally,

lysophosphatidylcholines (LPCs) and phosphatidylcholines (PCs)

maintain membrane fluidity, facilitate neurotransmitter release,

and regulate immune homeostasis. In FM, LPCs and PCs are

reduced, while lysophosphatidylethanolamines (LPEs) and

triglycerides are elevated, reflecting membrane instability and

metabolic dysfunction. These lipid shifts alter microglial

signaling, as LPCs normally suppress pro-inflammatory

pathways, whereas LPE accumulation triggers Toll-like receptor

(TLR) activation, amplifying NF-κB-mediated release of TNF-α,

IL-6, and IL-1β. This pro-inflammatory state disrupts

neuroimmune balance, increases nociceptor sensitization.

Notably, LPC (16:0), a lipid oxidation product, is elevated in

FM and directly activates acid-sensing ion channel 3 (ASIC3) on

nociceptors, leading to hyperalgesia in animal models (13).

Inhibiting LPC synthesis or blocking ASIC3 reduces pain

behavior, suggesting that oxidized lipid species directly contribute

to chronic pain signaling in FM (13). These findings suggest that

metabolic dysfunction exacerbates oxidative stress and

mitochondrial impairment, reinforcing a pathological cycle of

inflammation and neuronal hyperexcitability in FM (14).

Antioxidant defense impairment in
fibromyalgia

The imbalance betweenROSproduction and antioxidant defenses

is a feature of FM pathophysiology (15). Studies have shown that

FM patients exhibit significantly lower levels of total antioxidant

capacity and reduced activity of key antioxidant enzymes, including

superoxide dismutase (SOD) and catalase. Serum antioxidant levels,

particularly CoQ10 and vitamin C, are also decreased in FM

patients, further impairing the body’s ability to counteract oxidative

damage (16). These deficits in antioxidant capacity contribute to

increased oxidative stress, leading to mitochondrial dysfunction,

inflammation, and heightened pain sensitivity (16, 17).

Several studies have shown that antioxidant enzyme deficiencies,

including low SOD, glutathione peroxidase, and catalase, correlate

inversely with disease severity measures such as the Fibromyalgia

Impact Questionnaire (FIQR), pain scores, and anxiety levels (18,

19). Thiol-disulfide imbalance has also been identified, with

decreased native thiol and increased disulfide levels in FM patients,

indicating systemic redox stress independent of age or BMI (20).

Further, the nuclear factor erythroid 2-related factor 2 (NRF2)

pathway is a master regulator of antioxidant and cytoprotective

gene expression, crucial for cellular defense against oxidative

stress. Under normal conditions, NRF2 is bound to Kelch-like

ECH-associated protein 1 (KEAP1), which facilitates its

degradation. In response to oxidative stress, NRF2 dissociates

from KEAP1, translocates to the nucleus, and activates genes

encoding antioxidant enzymes (e.g., superoxide dismutase SOD)

and glutathione synthesis enzymes, reducing reactive oxygen

species (ROS) and mitigating oxidative damage (21). In

fibromyalgia (FM), NRF2 activity appears impaired, contributing

to oxidative damage and neuroinflammation. Preclinical models

suggest that NRF2 activation enhances antioxidant enzyme

expression, but human clinical evidence in FM is lacking (22, 23).

Therapeutic interventions targeting redox
imbalance in fibromyalgia

Currently, there is a lack of randomized controlled trials

(RCTs) directly evaluating redox-modulating interventions

targeting the central nervous system (CNS) in fibromyalgia.

Growing evidence implicates oxidative stress and mitochondrial

dysfunction in fibromyalgia (FM), prompting interest in redox-

modulating therapies (24).

High-dose thiamine (600–1,800 mg/day) has shown promise in

improving fatigue and pain in FM, likely by enhancing

mitochondrial function and reducing oxidative stress (25). Case

studies report symptom relief, but robust randomized controlled

trials (RCTs) are lacking. Thiamine, essential for ATP production

and neurotransmitter synthesis (GABA, acetylcholine), plays a

key role. Thiamine deficiency has been linked to hyperarousal

and non-restorative sleep, suggesting that addressing oxidative

stress and thiamine deficiency may be a therapeutic target for

FM-related sleep dysfunction (26, 40). Other antioxidants,

including N-acetylcysteine (NAC), resveratrol, and curcumin,

have demonstrated anti-inflammatory and neuroprotective effects,

further supporting their potential role in FM (27–29).

NRF2-activating agents may improve both pain and sleep in

FM by enhancing antioxidant defenses, mitochondrial function,

and reducing neuroinflammation (3). An intermittent cold

stress (ICS) fibromyalgia mouse model showed that 4-amino-

3-(phenylselenyl)benzenesulfonamide (4-APSB), a selenium-sulfa

compound with antioxidant properties reduces oxidative stress and

neuroinflammation by activating NRF2, leading to enhanced

antioxidant defense, lower IL-1β/TNF-α, and reduced pain and
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depressive-like behaviors (13). NRF2 activation plays a key role in

cellular repair during sleep by upregulating antioxidant enzymes

(SOD, catalase, HO-1), reducing oxidative damage, and promoting

mitochondrial biogenesis, which are critical for neuronal recovery

and energy homeostasis. Sleep disruption in FM may impair

NRF2-driven antioxidant responses, leading to increased oxidative

stress and neuroinflammation, which further exacerbate pain and

fatigue (30). Since cognitive behavioral therapy for insomnia

(CBTi) can enhance sleep quality and support endogenous

antioxidant defenses, combining natural sleep interventions with

pharmacological NRF2 activators such as dimethyl fumarate and

sulforaphane may reinforce these pathways, stabilizing sleep patterns,

reducing pain hypersensitivity, and improving fatigue. Further

studies are needed to explore the bidirectional relationship between

sleep quality, NRF2 activation, and symptom improvement in FM.

Melatonin supplementation (3 mg/day) has been shown to

improve objective and subjective sleep quality, increase

6-sulfatoxymelatonin levels, and enhance total antioxidant

capacity in FM patients, suggesting dual chronobiotic and

antioxidant benefits (31).

Mitochondrial-targeted therapies such as CoQ10, alpha-lipoic

acid (ALA), and carnitine have been investigated for their role in

improving ATP production, reducing oxidative stress, and

enhancing cellular metabolism. Preliminary clinical studies suggest

CoQ10 (300–400 mg/day) improves fatigue and sleep disturbances,

but larger trials are needed for confirmation. CoQ10

supplementation, when added to pregabalin, significantly reduced

pain and mitochondrial oxidative stress in FM patients, with

improved anxiety and brain activity profiles in a small RCT (32).

Oxygen-ozone (O₂O₃) therapy, an intervention that activates

NRF2, increases SOD, catalase, and HO-1, while suppressing pro-

inflammatory cytokines (IL-6, TNF-α, IL-1β) (16, 33). Small clinical

studies suggest it may provide pain relief and functional

improvements, but the lack of standardized protocols and high-

quality RCTs limits clinical adoption (34). An animal study in a

fibromyalgia mouse model demonstrated that Mo₂C nanozyme, a

catalytic antioxidant mimicking SOD, catalase, and GPx, restores

oxidative balance by scavenging ROS (O₂−, H₂O₂), protecting

mitochondria, and enhancing ATP production (7, 35). An animal

study in a reserpine-induced fibromyalgia rat model found that

nano-pregabalin (N-PG) alleviated FM symptoms by enhancing

CNS penetration, restoring neurotransmitter balance (Glut, NE,

CGRP), increasing antioxidant enzyme activity (e.g., SOD),

inhibiting pro-inflammatory transcription factors (e.g., NF-κB), and

reducing apoptosis by decreasing caspase-3 (Casp-3) activation (8, 36).

Molecular hydrogen (H₂) is emerging as a potential therapy

targeting oxidative stress, mitochondrial dysfunction, and

inflammation. As a selective antioxidant, H₂ neutralizes hydroxyl

radicals, restoring redox balance—a key mechanism implicated in

FM (37). Preclinical studies suggest hydrogen-rich water (HRW),

typically administered at 0.8–1.6 ppm H₂ in drinking water (∼5–

10 ml/day per mouse), reduces neuropathic pain symptoms,

allodynia, and hyperalgesia by modulating oxidative stress and

inflammation. HRW upregulates antioxidant enzymes (HO-1, SOD-

1) while suppressing pro-inflammatory cytokines (IL-1β, IL-6, TNF-

α) and NF-κB activation (38). It also enhances mitochondrial

function and ATP-sensitive potassium (K ATP) channel activity,

contributing to analgesic and neuroprotective effects. Preclinical

models suggest anxiolytic and antidepressant properties, which may

be beneficial given the high prevalence of mood disorders in FM.

However, clinical trials of molecular hydrogen in fibromyalgia

remain lacking, and well-controlled clinical studies are needed to

confirm efficacy, optimal dosing, and safety (39).

Future research should prioritize high-quality RCTs to

determine the clinical applicability, optimal dosing, and long-

term efficacy of these redox-modulating interventions in FM. Key

redox mechanisms and associated therapeutic interventions are

summarized in Table 1.

Conclusion

Fibromyalgia is increasingly recognized as a disorder driven by

oxidative stress, mitochondrial dysfunction, and neuroinflammation,

TABLE 1 Key redox mechanisms contributing to fibromyalgia.

Mechanism Key features Impact on fibromyalgia Therapeutic interventions

Lipid peroxidation Elevated MDA and 4-HNE levels correlate with symptom

severity, leading to oxidative damage to cell membranes

and proteins.

Increases neuroinflammation and neuronal

dysfunction, amplifying pain perception.

N-acetylcysteine (NAC), resveratrol,

curcumin, molecular hydrogen

Mitochondrial

dysfunction

Excess ROS, impaired electron transport, and CoQ10

depletion contribute to energy deficits and pain

sensitization.

Leads to ATP depletion, fatigue, and

increased central sensitization.

CoQ10, alpha-lipoic acid, carnitine,

Molecular hydrogen.

Neuroinflammation Microglial activation and increased TNF-α and IL-6 levels

sustain chronic neuroinflammation, worsening pain and

fatigue.

Sustains chronic pain states and contributes

to systemic fatigue.

Molecular hydrogen, oxygen-ozone

therapy

Neurotransmitter

dysregulation

Serotonin depletion impairs pain modulation and mood

stabilization, increasing pain sensitivity, depression, and

anxiety.

Enhances central sensitization and

psychiatric comorbidities.

Thiamine

Antioxidant defense

impairment

Reduced antioxidant enzyme activity (SOD, catalase) and

lower CoQ10 and vitamin C levels contribute to oxidative

stress.

Promotes mitochondrial dysfunction,

inflammation, and heightened pain

sensitivity.

Oxygen-ozone therapy, CoQ10, vitamin

C, alpha-lipoic acid

NRF2 dysregulation NRF2 activation is impaired, reducing antioxidant enzyme

expression and leading to increased oxidative damage and

inflammation.

Weakens cellular antioxidant defenses,

worsening oxidative stress and

neuroinflammation.

Dimethyl fumarate, sulforaphane,

molecular hydrogen (activating NRF2

pathway).
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contributing to pain amplification and fatigue. While preclinical and

observational studies suggest potential benefits of redox-modulating

therapies, current clinical evidence remains insufficient for routine

implementation. The lack of large, well-controlled RCTs limits the

clinical application of oxidative stress modulation in FM. Future

research should prioritize high-quality trials to evaluate

mitochondrial-targeted interventions, validate redox-based

biomarkers, and optimize treatment protocols for improved

patient outcomes.

Author contributions

TH: Supervision, Visualization, Writing – original draft,

Formal analysis, Software, Data curation, Funding acquisition,

Methodology, Validation, Conceptualization, Resources,

Investigation, Project administration, Writing – review & editing.

MR: Conceptualization, Writing – review & editing. JH:

Writing – review & editing.

Funding

The author(s) declare that no financial support was received for

the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Generative AI was used in the

creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

References

1. Cordero MD, de Miguel M, Sánchez Alcázar JA. The role of oxidative stress and
mitochondrial dysfunction in the pathogenesis of fibromyalgia. In: Wilke WS, editor.
New Insights into Fibromyalgia. Rijeka: InTech (2012). p. 77–98. doi: 10.5772/26570
(Accessed March 7, 2025).

2. Assavarittirong C, Samborski W, Grygiel-Górniak B. Oxidative stress in
fibromyalgia: from pathology to treatment. Oxid Med Cell Longevity. (2022)
2022:1–11. doi: 10.1155/2022/1582432

3. Macchi C, Giachi A, Fichtner I, Pedretti S, Sarzi-Puttini P, Mitro N, et al.
Mitochondrial function in patients affected with fibromyalgia syndrome is impaired
and correlates with disease severity. Sci Rep. (2024) 14:30247. doi: 10.1038/s41598-024-
81298-x

4. Sies H. Oxidative stress: a concept in redox biology and medicine. Redox Biol.
(2015) 4:180–3. doi: 10.1016/j.redox.2015.01.002

5. Cordero MD, Alcocer-Gómez E, Cano-García FJ, De Miguel M, Carrión AM,
Navas P, et al. Clinical symptoms in fibromyalgia are better associated to lipid
peroxidation levels in blood mononuclear cells rather than in plasma. PLoS One.
(2011) 6:e26915. doi: 10.1371/journal.pone.0026915

6. Hengen M, Lonsdorfer-Wolf, Evelyne E, Charles A-L, Masat J. Reduced exercise
capacity in patients with fibromyalgia: central or peripheral mechanisms? (2015).

7. Favero G, Bonomini F, Franco C, Rezzani R. Mitochondrial dysfunction in
skeletal muscle of a fibromyalgia model: the potential benefits of melatonin. Int
J Mol Sci. (2019) 20:765. doi: 10.3390/ijms20030765

8. Marino Y, Inferrera F, D’Amico R, Impellizzeri D, Cordaro M, Siracusa R, et al.
Role of mitochondrial dysfunction and biogenesis in fibromyalgia syndrome:
molecular mechanism in central nervous system. Biochim Biophys Acta Mol Basis
Dis. (2024) 1870:167301. doi: 10.1016/j.bbadis.2024.167301

9. Brum ES, Fialho MFP, Souza Monteiro de Araújo D, Landini L, Marini M, Titiz
M, et al. Schwann cell TRPA1 elicits reserpine-induced fibromyalgia pain in mice. Br
J Pharmacol. (2024) 181:3445–61. doi: 10.1111/bph.16413

10. Cordero MD, Díaz-Parrado E, Carrión AM, Alfonsi S, Sánchez-Alcazar JA,
Bullón P, et al. Is inflammation a mitochondrial dysfunction-dependent event in
fibromyalgia? Antiox Redox Signal. (2013) 18:800–7. doi: 10.1089/ars.2012.4892

11. Neeck G, Riedel W. Neuromediator and hormonal perturbations in fibromyalgia
syndrome: results of chronic stress? Baillières Clin Rheumatol. (1994) 8:763–75.
doi: 10.1016/s0950-3579(05)80047-0

12. Caboni P, Liori B, Kumar A, Santoru ML, Asthana S, Pieroni E, et al.
Metabolomics analysis and modeling suggest a lysophosphocholines-PAF receptor
interaction in fibromyalgia. PLoS One. (2014) 9:e107626. doi: 10.1371/journal.pone.
0107626

13. Hung C-H, Lee C-H, Tsai M-H, Chen C-H, Lin H-F, Hsu C-Y, et al. Activation
of acid-sensing ion channel 3 by lysophosphatidylcholine 16:0 mediates psychological
stress-induced fibromyalgia-like pain. Ann Rheum Dis. (2020) 79:1644–56. doi: 10.
1136/annrheumdis-2020-218329

14. Jakobsson JE, Menezes J, Krock E, Hunt MA, Carlsson H, Vaivade A, et al.
Fibromyalgia patients have altered lipid concentrations associated with disease
symptom severity and anti-satellite glial cell IgG antibodies. (2024). doi: 10.1101/
2024.10.11.617524 (Accessed March 7, 2025).

15. de la Cruz Cazorla S, Blanco S, Rus A, Molina-Ortega FJ, Ocaña E, Hernández R,
et al. Nutraceutical supplementation as a potential non-drug treatment for
fibromyalgia: effects on lipid profile, oxidative Status, and quality of life. Int J Mol
Sci. (2024) 25:9935. doi: 10.3390/ijms25189935

16. Hargreaves IP, Mantle D. Targeted treatment of age-related fibromyalgia with
supplemental coenzyme Q10. In: Hill RG, editor. Advances in Experimental
Medicine and Biology. Cham: Springer International Publishing (2021). p. 77–85.
doi: 10.1007/978-3-030-55035-6_5 (Accessed March 7, 2025).

17. Lowry E, Marley J, McVeigh JG, McSorley E, Allsopp P, Kerr D. Dietary
interventions in the management of fibromyalgia: a systematic review and best-
evidence synthesis. Nutrients. (2020) 12:2664. doi: 10.3390/nu12092664

18. Shukla V, Kumar DS, Ali MA, Agarwal S, Khandpur S. Nitric oxide, lipid
peroxidation products, and antioxidants in primary fibromyalgia and correlation
with disease severity. J Med Biochem. (2020) 39(2):165–70. doi: 10.2478/jomb-2019-
0033

19. Fatima G, Mahdi F. Deciphering the role of oxidative and antioxidative
parameters and toxic metal ion content in women with fibromyalgia syndrome.
Free Radic Biol Med. (2017) 112:23–4. doi: 10.1016/j.freeradbiomed.2017.10.022

20. Fidan F. Dynamic thiol/disulphide homeostasis in patients with fibromyalgia.
Arch Rheumatol. (2017) 32:112–7. doi: 10.5606/archrheumatol.2017.5931

21. Petrikonis K, Bernatoniene J, Kopustinskiene DM, Casale R, Davinelli S, Saso L.
The antinociceptive role of Nrf2 in neuropathic pain: from mechanisms to clinical
perspectives. Pharmaceutics. (2024) 16:1068. doi: 10.3390/pharmaceutics16081068

Ho et al. 10.3389/fpain.2025.1593908

Frontiers in Pain Research 06 frontiersin.org

https://doi.org/10.5772/26570
https://doi.org/10.1155/2022/1582432
https://doi.org/10.1038/s41598-024-81298-x
https://doi.org/10.1038/s41598-024-81298-x
https://doi.org/10.1016/j.redox.2015.01.002
https://doi.org/10.1371/journal.pone.0026915
https://doi.org/10.3390/ijms20030765
https://doi.org/10.1016/j.bbadis.2024.167301
https://doi.org/10.1111/bph.16413
https://doi.org/10.1089/ars.2012.4892
https://doi.org/10.1016/s0950-3579(05)80047-0
https://doi.org/10.1371/journal.pone.0107626
https://doi.org/10.1371/journal.pone.0107626
https://doi.org/10.1136/annrheumdis-2020-218329
https://doi.org/10.1136/annrheumdis-2020-218329
https://doi.org/10.1101/2024.10.11.617524
https://doi.org/10.1101/2024.10.11.617524
https://doi.org/10.3390/ijms25189935
https://doi.org/10.1007/978-3-030-55035-6_5
https://doi.org/10.3390/nu12092664
https://doi.org/10.2478/jomb-2019-0033
https://doi.org/10.2478/jomb-2019-0033
https://doi.org/10.1016/j.freeradbiomed.2017.10.022
https://doi.org/10.5606/archrheumatol.2017.5931
https://doi.org/10.3390/pharmaceutics16081068
https://doi.org/10.3389/fpain.2025.1593908
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org/


22. Grace PM, Tawfik VL, Svensson CI, Burton MD, Loggia ML, Hutchinson MR.
The neuroimmunology of chronic pain: from rodents to humans. J Neurosci. (2020)
41:855–65. doi: 10.1523/jneurosci.1650-20.2020

23. Martins CC, Reis AS, da Motta KP, Blödorn EB, Domingues W, do Sacramento
M, et al. 4-amino-3-(phenylselanyl) benzenesulfonamide attenuates intermittent cold
stress-induced fibromyalgia in mice: targeting to the Nrf2-NFκB axis. Biochem
Pharmacol. (2025) 232:116651. doi: 10.1016/j.bcp.2024.116651

24. Cordero MD, Cotán D, del-Pozo-Martín Y, Carrión AM, de Miguel M, Bullón P,
et al. Oral coenzyme Q10 supplementation improves clinical symptoms and recovers
pathologic alterations in blood mononuclear cells in a fibromyalgia patient. Nutrition.
(2012) 28:1200–3. doi: 10.1016/j.nut.2012.03.018

25. Costantini A, Pala MI, Tundo S, Matteucci P. High-dose thiamine improves the
symptoms of fibromyalgia. BMJ Case Rep. (2013) 2013:bcr2013009019. doi: 10.1136/
bcr-2013-009019

26. Dhir S, Tarasenko M, Napoli E, Giulivi C. Neurological, psychiatric, and
biochemical aspects of thiamine deficiency in children and adults. Front Psychiatry.
(2019) 10:207. doi: 10.3389/fpsyt.2019.00207

27. Shen C-L, Schuck A, Tompkins C, Dunn DM, Neugebauer V. Bioactive compounds
for fibromyalgia-like symptoms: a narrative review and future perspectives. Int J Environ
Res Public Health. (2022) 19:4148. doi: 10.3390/ijerph19074148

28. Peres Klein C, Rodrigues Cintra M, Binda N, Montijo Diniz D, Gomez MV,
Souto AA, et al. Coadministration of resveratrol and rice oil mitigates nociception
and oxidative state in a mouse fibromyalgia-like model. Pain Res Treat. (2016)
2016:1–11. doi: 10.1155/2016/3191638

29. Haddad HW, Mallepalli NR, Scheinuk JE, Bhargava P, Cornett EM, Urits I, et al.
The role of nutrient supplementation in the management of chronic pain in
fibromyalgia: a narrative review. Pain Ther. (2021) 10:827–48. doi: 10.1007/s40122-
021-00266-9

30. Choy EHS. The role of sleep in pain and fibromyalgia. Nat Rev Rheumatol.
(2015) 11:513–20. doi: 10.1038/nrrheum.2015.56

31. Yolanda Castaño M, Garrido M, Delgado-Adámez J, Martillanes S, Ángeles
Gómez M, Rodríguez AB.. oral melatonin administration improves the objective
and subjective sleep quality, increases 6-sulfatoxymelatonin levels and total
antioxidant capacity in patients with fibromyalgia. J Appl Biomed. (2018) 16:186–91.
doi: 10.1016/j.jab.2018.01.005

32. Sawaddiruk P, Apaijai N, Paiboonworachat S, Kaewchur T, Kasitanon N,
Jaiwongkam T, et al. Coenzyme Q10 supplementation alleviates pain in pregabalin-
treated fibromyalgia patients via reducing brain activity and mitochondrial
dysfunction. Free Radical Res. (2019) 53:901–9. doi: 10.1080/10715762.2019.1645955

33. de Sire A, Marotta N, Ferrillo M, Agostini F, Sconza C, Lippi L, et al. Oxygen-
ozone therapy for reducing pro-inflammatory cytokines Serum levels in
musculoskeletal and temporomandibular disorders: a comprehensive review. Int
J Mol Sci. (2022) 23:2528. doi: 10.3390/ijms23052528

34. Tirelli U, Cirrito C, Pavanello M. Ozone therapy in 40 patients with fibromyalgia:
an effective therapy. Ozone Therapy. (2018) 3:7969 doi: 10.4081/ozone.2018.7969

35. Campisi L, La Motta C. The use of the coenzyme Q10 as a food supplement in
the management of fibromyalgia: a critical review. Antioxidants. (2022) 11:1969.
doi: 10.3390/antiox11101969

36. Hidalgo-Tallón FJ, Torres-Morera LM, Baeza-Noci J, Carrillo-Izquierdo MD,
Pinto-Bonilla R. Updated review on ozone therapy in pain medicine. Front Physiol.
(2022) 13:840623. doi: 10.3389/fphys.2022.840623
37. Satoh Y. The potential of hydrogen for improving mental disorders. Curr Pharm

Des. (2021) 27:695–702. doi: 10.2174/1381612826666201113095938

38. Kawaguchi M, Satoh Y, Otsubo Y, Kazama T. Molecular hydrogen attenuates
neuropathic pain in mice. PLoS One. (2014) 9:e100352. doi: 10.1371/journal.pone.0100352

39. Martínez-Serrat M, Martínez-Martel I, Coral-Pérez S, Bai X, Batallé G, Pol O.
Hydrogen-rich water as a novel therapeutic strategy for the affective disorders
linked with chronic neuropathic pain in mice. Antioxidants. (2022) 11:1826. doi: 10.
3390/antiox11091826

40. Marrs C, Lonsdale D. Hiding in plain sight: modern thiamine deficiency. Cells.
(2021) 10:2595. doi: 10.3390/cells10102595

Ho et al. 10.3389/fpain.2025.1593908

Frontiers in Pain Research 07 frontiersin.org

https://doi.org/10.1523/jneurosci.1650-20.2020
https://doi.org/10.1016/j.bcp.2024.116651
https://doi.org/10.1016/j.nut.2012.03.018
https://doi.org/10.1136/bcr-2013-009019
https://doi.org/10.1136/bcr-2013-009019
https://doi.org/10.3389/fpsyt.2019.00207
https://doi.org/10.3390/ijerph19074148
https://doi.org/10.1155/2016/3191638
https://doi.org/10.1007/s40122-021-00266-9
https://doi.org/10.1007/s40122-021-00266-9
https://doi.org/10.1038/nrrheum.2015.56
https://doi.org/10.1016/j.jab.2018.01.005
https://doi.org/10.1080/10715762.2019.1645955
https://doi.org/10.3390/ijms23052528
https://doi.org/10.4081/ozone.2018.7969
https://doi.org/10.3390/antiox11101969
https://doi.org/10.3389/fphys.2022.840623
https://doi.org/10.2174/1381612826666201113095938
https://doi.org/10.1371/journal.pone.0100352
https://doi.org/10.3390/antiox11091826
https://doi.org/10.3390/antiox11091826
https://doi.org/10.3390/cells10102595
https://doi.org/10.3389/fpain.2025.1593908
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org/

	Redox reactions in chronic pain: mechanisms and relevance in fibromyalgia
	Introduction
	Method
	Study selection was guided by the following PICO-derived questions
	Eligibility criteria
	Studies were included if they met the following criteria
	Population
	Study design
	Exclusions


	Study selection and data extraction
	Data were extracted into a standardized table capturing

	Quality assessment
	Oxidative stress, mitochondrial dysfunction, and fibromyalgia
	Lipid metabolism alterations and fibromyalgia
	Antioxidant defense impairment in fibromyalgia
	Therapeutic interventions targeting redox imbalance in fibromyalgia

	Conclusion
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


