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ABSTRACT 

Rheumatoid factor (RF), an autoantibody classically directed against the Fc portion of IgG, is most widely 
recognized for its diagnostic and prognostic roles in rheumatoid arthritis. Increasing evidence, however, implicates 
RF in broader systemic processes that extend beyond joint disease, notably in the modulation of oxidative stress 
and redox homeostasis. This review synthesizes mechanistic and clinical data linking RF to systemic redox 
imbalance. We discuss how RF-containing immune complexes amplify reactive oxygen and nitrogen species 
production through Fc receptor engagement, complement activation, and cellular signaling in phagocytes and 
endothelial cells. We examine the contribution of RF to chronic inflammation, mitochondrial dysfunction, and the 
formation of advanced oxidation products and advanced glycation end-products, all of which feed into a 
self-perpetuating cycle of oxidative damage and immune activation. Clinical associations between RF positivity 
and heightened markers of oxidative stress, increased cardiovascular morbidity, and worsened metabolic control in 
disorders such as diabetes are summarized. Potential biomarker roles for RF in stratifying oxidative burden and 
therapeutic implications, including targeted anti-inflammatory treatments, antioxidant strategies, and modulation 
of Fc receptor pathways, are considered. Finally, we identify gaps in existing research, recommending longitudinal 
cohort studies, mechanistic cellular models, and trials combining immune-modulatory and redox-targeted 
therapies to clarify causality and therapeutic potential. Recognizing RF as an active participant in systemic redox 
imbalance reframes an old serologic marker as a potential mechanistic contributor to multisystem disease and a 
candidate target for integrated immunometabolic interventions. 
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INTRODUCTION 

Rheumatoid factor is a heterogeneous group of autoantibodies, predominantly of the IgM isotype but also 
including IgA and IgG variants, that recognize and bind the Fc portion of IgG[1]. Traditionally regarded as a 
serologic hallmark of rheumatoid arthritis, RF is now understood to be neither disease-specific nor confined to 
autoimmunity. It is detected in chronic viral and bacterial infections, in older adults without clinical disease, and in 
several malignancies[2]. Importantly, RF also appears across metabolic disorders in which immune activation and 
systemic inflammation are prominent. In parallel, oxidative stress, defined as the imbalance between reactive 
oxygen and nitrogen species and the biochemical systems that neutralize them, has emerged as a unifying 
mechanism underlying endothelial dysfunction, insulin resistance, tissue injury, and chronic inflammatory 
signaling[3]. While the reciprocal relationship between inflammation and oxidative stress is well established, the 
specific role of autoantibodies as upstream contributors to redox imbalance remains underexplored[4]. Recent 
evidence suggests that RF, particularly when present within circulating or deposited immune complexes, acts as 
an active amplifier of oxidative pathways. This review synthesizes current mechanistic and clinical insights, 
proposing that RF is both a marker and mediator of systemic redox disturbance, with implications that extend far 
beyond rheumatoid arthritis[5]. 
Biology of Rheumatoid Factor: basic properties and immune complex formation 
Rheumatoid factor originates from antigen-experienced B cells and long-lived plasma cells, which are activated 
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through chronic immune stimulation, microbial mimicry, or loss of tolerance. IgM-RF is the most efficiently 
produced and is highly adept at crosslinking IgG molecules, resulting in the formation of large immune 
complexes[6]. These complexes differ widely in their solubility, valency, and capacity to engage effector 
pathways. Once formed, RF-IgG complexes can remain in the circulation, deposit in small vessels, or accumulate 
in tissues where Fc gamma receptor–bearing cells, such as neutrophils, monocytes, and macrophages, reside[7]. 
Two intrinsic characteristics make RF-containing complexes particularly potent in triggering downstream 
immune cascades[8]. First, their multivalent structure enables dense clustering and activation of Fc gamma 
receptors, which initiates intracellular signaling pathways that culminate in oxidative burst and the generation of 
reactive oxygen species[9]. Second, RF complexes activate the classical complement cascade, leading to C3 and 
C5 cleavage, leukocyte recruitment, and further ROS and reactive nitrogen species production through 
complement-mediated cell activation[10]. Together, these mechanisms position RF not merely as a passive 
byproduct of inflammation but as an active driver of redox imbalance capable of sustaining oxidative stress in 
systemic disease contexts[11]. 
Biology of Rheumatoid Factor: basic properties and immune complex formation 
Rheumatoid factor antibodies originate from antigen-experienced B cells and differentiated plasma cells, typically 
arising under conditions of persistent immune stimulation. Chronic infections, prolonged exposure to 
immunogenic debris, defective clearance of apoptotic material, and inflammatory cytokine signaling can all drive 
RF production[12]. The IgM isotype remains the most frequently measured and the most effective at forming 
multivalent interactions with IgG, although IgA- and IgG-class RFs also contribute to pathogenic processes. 
When RF binds to the Fc region of IgG, the resulting immune complexes can range from relatively small, soluble 
aggregates to large, lattice-like structures with high avidity and stability[13]. Their physicochemical properties 
influence whether they remain in circulation, deposit within microvascular beds, or accumulate in inflamed tissues. 
Two key characteristics of RF-containing immune complexes explain their strong capacity to activate downstream 
inflammatory and redox pathways[14]. First, their multivalency allows dense clustering of Fc gamma receptors 
on neutrophils, monocytes, macrophages, and other innate effector cells. This receptor crosslinking is a potent 
trigger for intracellular signaling cascades that mobilize oxidative enzymes[15]. Second, because RF complexes 
incorporate IgG in conformations that strongly engage C1q, they activate the classical complement pathway with 
high efficiency. Complement activation not only generates inflammatory mediators but also enhances the 
phagocytic and oxidative responses of Fc receptor–bearing cells[16]. As a result, RF-containing complexes bridge 
two major arms of innate immunity—Fc receptor signaling and complement activation, both of which converge on 
the generation of reactive oxygen and nitrogen species[17]. Through these pathways, RF becomes an active 
biochemical contributor to systemic oxidative stress rather than a passive biomarker of immune dysfunction[18]. 

Mechanisms by which RF drives oxidative stress 
Fc receptor–mediated oxidative burst 
Innate immune cells such as neutrophils and monocytes/macrophages express multiple subclasses of Fc gamma 
receptors that bind the Fc portion of IgG. When RF-containing immune complexes engage these activating 
receptors, intracellular tyrosine kinases initiate signaling that leads to the assembly of the NADPH oxidase 
(NOX2) complex on phagosomal or plasma membranes[19]. Activation of NOX2 drives the rapid one-electron 
reduction of oxygen to superoxide, launching a cascade of secondary ROS including hydrogen peroxide, hydroxyl 
radicals, and hypochlorous acid. In acute infection, this oxidative burst serves as a microbicidal defense. However, 
chronic or repeated stimulation by persistent immune complexes pushes these pathways into a maladaptive state, 
generating sustained extracellular ROS that damage tissue architecture, degrade extracellular matrix components, 
oxidize lipids, and alter the function of circulating or cell-surface proteins[20]. This contributes to a systemic 
environment of oxidative imbalance. 
Complement activation and oxidative injury 
Similarly, the ability of RF immune complexes to activate the classical complement pathway intensifies oxidative 
stress through multiple overlapping mechanisms[21]. The binding of C1q to IgG within the complex initiates the 
cleavage of C4 and C2, culminating in the formation of C3 and C5 convertases. The resulting anaphylatoxins, C3a 
and C5a, are strong chemoattractants and activators of neutrophils and monocytes, which respond by releasing 
more ROS[22]. Complement activation also generates the membrane attack complex, which perturbs cell 
membranes, increases intracellular calcium, and triggers mitochondrial stress responses that further augment ROS 
production. Complement-coated complexes additionally enhance Fc receptor–driven signaling, producing a 
synergistic amplification of oxidative pathways[23]. 
Mitochondrial dysfunction and intracellular redox imbalance 
RF-induced inflammatory signaling extends into intracellular domains, particularly affecting mitochondrial 

function[24]. Cytokines released during immune complex–mediated inflammation, such as IL-1β, TNF-α, and 

IFN-γ, interfere with normal electron transport chain activity, promoting electron leakage and mitochondrial ROS 
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formation. mtROS damage mitochondrial DNA, impair oxidative phosphorylation, and activate redox-sensitive 
transcription factors that upregulate further inflammatory gene expression[25]. This creates a self-reinforcing 
loop: inflammation impairs mitochondrial function, mitochondrial dysfunction amplifies oxidative stress, and 
oxidative stress sustains inflammatory pathways that drive continued RF production. 
Protein and lipid oxidation, AGEs, and neo-epitope formation 
Chronic exposure to elevated ROS results in widespread oxidative modification of biomolecules[26]. Proteins 
accumulate carbonyl adducts, lipids develop peroxidation products such as malondialdehyde and 
4-hydroxynonenal, and nucleic acids undergo oxidative damage. These modifications generate new molecular 
patterns that can be immunogenic[27]. In metabolic conditions characterized by hyperglycemia, oxidative stress 
accelerates the formation of advanced glycation end-products, which stiffen extracellular matrix components and 
activate inflammatory receptors such as RAGE[28]. RF-containing immune complexes may bind to glycated or 
oxidized IgG, fostering the formation of additional immune complexes and perpetuating autoantibody responses. 
Endothelial cell activation and vascular oxidative stress 
The vascular endothelium is particularly vulnerable to RF-driven redox disturbances[29]. When endothelial cells 
encounter immune complexes and complement activation products, they exhibit increased oxidative stress, 
reduced nitric oxide bioavailability, and heightened expression of adhesion molecules and chemokines. This 
enhances leukocyte adhesion and transmigration, initiating and sustaining vascular inflammation[30]. Superoxide 
reacts with nitric oxide to form peroxynitrite, a highly reactive species that nitrates proteins, disrupts endothelial 
signaling, and promotes vasoconstriction and vascular remodeling. Over time, this environment contributes to 
endothelial dysfunction, stiffness of the arterial wall, and increased susceptibility to atherosclerosis and 
thrombosis. 
Clinical evidence linking RF to systemic oxidative burden 
Clinical studies have reported higher levels of oxidative stress markers in RF-positive individuals, both in 
rheumatologic populations and in extra-articular contexts[31]. RF positivity correlates with elevated circulating 
protein carbonyls, lipid peroxidation products, and reduced antioxidant capacity in several cohorts. 
Epidemiologically, RF-positive status associates with increased cardiovascular risk and mortality, independent of 
classical risk factors, an effect plausibly mediated, at least in part, by oxidative vascular injury[32]. In metabolic 
disease, RF positivity has been linked to worse glycemic control and increased microvascular complications, 
conditions where oxidative stress is a known driver. 
Therapeutic and biomarker implications 
If RF contributes to systemic redox imbalance, several therapeutic strategies become rational[33]. 
Anti-inflammatory and immunomodulatory interventions that reduce immune complex formation, B-cell activity, 
or Fc receptor signaling may attenuate ROS generation. Agents that modulate complement activation could 
reduce leukocyte recruitment and oxidative amplification. Concurrently, traditional antioxidant strategies 
boosting glutathione, using small-molecule scavengers, or targeting mitochondrial ROS may complement 
immune-targeted therapies to break the inflammatory-oxidative cycle[34]. Clinically, RF could be evaluated as 
part of a multimodal biomarker panel to stratify oxidative risk and monitor responses to combined immunologic 
and redox-directed therapies. 
Research gaps and future directions 
Despite mechanistic plausibility and associative clinical data, causality remains incompletely established[35]. Key 
research priorities include longitudinal studies correlating RF titers and immune complex burden with dynamic 

measures of oxidative stress and clinical outcomes; mechanistic in vitro and in vivo models dissecting FcγR 
isoform–specific effects on ROS sources (NADPH oxidases versus mitochondria); and interventional trials testing 
whether reducing RF (through B-cell depletion, tolerizing strategies, or Fc blockade) diminishes oxidative 
biomarkers and improves organ-specific endpoints[36]. Standardization of RF and oxidative stress assays will be 
essential for comparability across studies. 

CONCLUSION 
Rheumatoid factor, beyond its diagnostic role in rheumatoid arthritis, appears to be an active participant in 
processes that generate and sustain systemic oxidative stress. Through immune complex formation, Fc receptor 
engagement, complement activation, and downstream effects on mitochondrial and endothelial function, RF 
fosters a pro-oxidative environment that can drive tissue injury and disease progression. Reframing RF as a 
mechanistic contributor to redox imbalance opens new avenues for integrated therapeutic strategies that combine 
immune modulation with targeted antioxidant interventions and prompts renewed research into its role as a 
biomarker of oxidative burden. 

REFERENCES 
1. Ibiam, U. A., Orji, O. U., Aja, P. M., Ezeani, N. N., Ugwu, O. P. C. and Ekpono, E. U.  Anti- 

Inflammatory Effects of Buchholzia coriacea Ethanol Leaf-Extract and Fractions in Freund’s 



 
 
Mugo                                                                                www.iaajournals.org 

15 
 

Adjuvant-Induced Rheumatoid Arthritic Albino Rats. Indo American Journal of Pharmaceutical Sciences 
(IAJPS). 2018;5 (7): 6341- 6357. https://doi.org/10.5281/zenodo.1311167. 

2. Aloke, C., Ibiam, U. A., Obasi, N. A., Orji, O. U., Ezeani, N. N., Aja, P. M. and Mordi, J. C. Effect of 
ethanol and aqueous extracts of seed pod of Copaifera salikounda (Heckel) on complete Freund's 
adjuvant-induced rheumatoid arthritis in rats. J Food Biochem. 2019 Jul;43(7):e12912. doi: 
10.1111/jfbc.12912. Epub 2019 May 23. PMID: 31353723. 

3. Perčinić A, Vuletić T, Lizzul N, Vukić Dugac A, Gverić Grginić A, Tabain I, Jurić D, Budimir A. 
Epidemiological and Clinical Characteristics of Adult RSV Infections: A Retrospective Analysis at 
University Hospital Center Zagreb (2022-2024). Pathogens. 2025 Mar 14;14(3):284. doi: 
10.3390/pathogens14030284. PMID: 40137769; PMCID: PMC11946814. 

4. Uhuo E N, Egba S I, Nwuke P C, Obike C A and Kelechi G K. Antioxidative properties of Adansonia 
digitata L. (baobab) leaf extractexert protective effect on doxorubicin induced cardiac toxicity in Wistar 
rats. Clinical Nutrition Open Science 2022; 45:3-16  

5. Ugwu, CE., Sure, SM., Dike, CC., Okpoga, NA and Egba, SI. Phytochemical and in vitro antioxidant 
activities of methanol leave extract of Alternanthera basiliana. Journal of Pharmacy Research, 2018; 12(6): 
835-839 

6. Wagner T, Abraham G, Baum J. The roles of IgG, IgM rheumatoid factor, and their complexes in the 
induction of polymorphonuclear leukocyte chemotactic factor from complement. J Clin Invest. 1974 
Jun;53(6):1503-11. doi: 10.1172/JCI107700. PMID: 4133792; PMCID: PMC302645. 

7. Tsuboi N, Asano K, Lauterbach M, Mayadas TN. Human neutrophil Fcgamma receptors initiate and play 
specialized nonredundant roles in antibody-mediated inflammatory diseases. Immunity. 2008 
Jun;28(6):833-46. doi: 10.1016/j.immuni.2008.04.013. PMID: 18538590; PMCID: PMC2577844. 

8. van Huizen M, Gack MU. The RIG-I-like receptor family of immune proteins. Mol Cell. 2025 Oct 
16;85(20):3793-3806. doi: 10.1016/j.molcel.2025.09.008. PMID: 41106369; PMCID: PMC12616489. 

9. Hato T, Dagher PC. How the Innate Immune System Senses Trouble and Causes Trouble. Clin J Am Soc 
Nephrol. 2015 Aug 7;10(8):1459-69. doi: 10.2215/CJN.04680514. Epub 2014 Nov 20. PMID: 25414319; 
PMCID: PMC4527020. 

10. Markiewski MM, DeAngelis RA, Benencia F, Ricklin-Lichtsteiner SK, Koutoulaki A, Gerard C, Coukos 
G, Lambris JD. Modulation of the antitumor immune response by complement. Nat Immunol. 2008 
Nov;9(11):1225-35. doi: 10.1038/ni.1655. Epub 2008 Sep 28. PMID: 18820683; PMCID: PMC2678913. 

11. Akhter N, Lambay A, Almotairi R, Hamadi A, Bhatia K, Ahmad S, Ducruet AF. The Complex Role of the 
Complement C3a Receptor (C3aR) in Cerebral Injury and Recovery Following Ischemic Stroke. Cells. 
2025; 14(18):1440. https://doi.org/10.3390/cells14181440 

12. Sundaresan B, Shirafkan F, Ripperger K, Rattay K. The Role of Viral Infections in the Onset of 
Autoimmune Diseases. Viruses. 2023 Mar 18;15(3):782. doi: 10.3390/v15030782. PMID: 36992490; 
PMCID: PMC10051805. 

13. Zheng DJ, Abou Taka M, Heit B. Role of Apoptotic Cell Clearance in Pneumonia and Inflammatory Lung 
Disease. Pathogens. 2021; 10(2):134. https://doi.org/10.3390/pathogens10020134 

14. Ochulor Okechukwu C., Njoku Obioma U., Uroko Robert I and Egba Simeon I. Nutritional composition 
of Jatropha tanjorensis leaves and effects of its aqueous extract on carbon tetrachloride-induced oxidative 
stress in male Wistar albino rats. Biomedical Research 2018; 29(19): 3569-3576 

15. Ye ZW, Zhang J, Townsend DM, Tew KD. Oxidative stress, redox regulation and diseases of cellular 
differentiation. Biochim Biophys Acta. 2015 Aug;1850(8):1607-21. doi: 10.1016/j.bbagen.2014.11.010. 
Epub 2014 Nov 15. PMID: 25445706; PMCID: PMC4433447. 

16. Alum, E. U., Ibiam, U. A., Ugwuja, E. I., Aja, P. M., Igwenyi, I. O., et al. Antioxidant Effect of 
Buchholziacoriacea Ethanol Leaf Extract and Fractions on Freund’s Adjuvant-induced Arthritis in Albino 
Rats: A Comparative Study. Slovenian Veterinary Research. 2022; 59 (1): 31–45. doi: 
10.26873/svr-1150-2022.  

17. Ostrycharz E, Hukowska-Szematowicz B. New Insights into the Role of the Complement System in 
Human Viral Diseases. Biomolecules. 2022; 12(2):226. https://doi.org/10.3390/biom12020226 

18. Andrés CMC, Pérez de la Lastra JM, Juan CA, Plou FJ, Pérez-Lebeña E. The Role of Reactive Species on 
Innate Immunity. Vaccines (Basel). 2022 Oct 17;10(10):1735. doi: 10.3390/vaccines10101735. PMID: 
36298601; PMCID: PMC9609844. 

19. Gamble ME, Sureshkumar S, Carrera Espinoza MJ, Hakim NL, Espitia CM, Bi F, Kelly KR, Wang W, 
Nawrocki ST, Carew JS. p47phox: A Central Regulator of NADPH Oxidase Function and a Promising 
Therapeutic Target in Redox-Related Diseases. Cells. 2025 Jul 8;14(14):1043. doi: 
10.3390/cells14141043. PMID: 40710296; PMCID: PMC12293349. 

20. García-Sánchez A, Miranda-Díaz AG, Cardona-Muñoz EG. The Role of Oxidative Stress in 

https://doi.org/10.5281/zenodo.1311167
https://doi.org/10.3390/cells14181440
https://doi.org/10.3390/pathogens10020134
https://doi.org/10.3390/biom12020226


 
 
Mugo                                                                                www.iaajournals.org 

16 
 

Physiopathology and Pharmacological Treatment with Pro- and Antioxidant Properties in Chronic 
Diseases. Oxid Med Cell Longev. 2020 Jul 23;2020:2082145. doi: 10.1155/2020/2082145. PMID: 
32774665; PMCID: PMC7396016. 

21. Magnusen AF, Pandey MK. Complement System and Adhesion Molecule Skirmishes in Fabry Disease: 
Insights into Pathogenesis and Disease Mechanisms. International Journal of Molecular Sciences. 2024; 
25(22):12252. https://doi.org/10.3390/ijms252212252 

22. Kojima T, Inoue D, Wajima T, Uchida T, Yamada M, Ohsawa I, Oda T. Circulating immune-complexes 
and complement activation through the classical pathway in myeloperoxidase-ANCA-associated 
glomerulonephritis. Ren Fail. 2022 Dec;44(1):714-723. doi: 10.1080/0886022X.2022.2068445. PMID: 
35491890; PMCID: PMC9067964. 

23. Paoliello-Paschoalato AB, Marchi LF, de Andrade MF, Kabeya LM, Donadi EA, Lucisano-Valim YM. 

Fcγ and Complement Receptors and Complement Proteins in Neutrophil Activation in Rheumatoid 
Arthritis: Contribution to Pathogenesis and Progression and Modulation by Natural Products. Evid 
Based Complement Alternat Med. 2015;2015:429878. doi: 10.1155/2015/429878. Epub 2015 Aug 5. 
PMID: 26346244; PMCID: PMC4540990. 

24. Magnani ND, Marchini T, Calabró V, Alvarez S, Evelson P. Role of Mitochondria in the Redox Signaling 
Network and Its Outcomes in High Impact Inflammatory Syndromes. Front Endocrinol (Lausanne). 2020 
Sep 23;11:568305. doi: 10.3389/fendo.2020.568305. PMID: 33071976; PMCID: PMC7538663. 

25. Pervin M, de Haan JB. Dysregulated Redox Signaling and Its Impact on Inflammatory Pathways, 
Mitochondrial Dysfunction, Autophagy and Cardiovascular Diseases. Antioxidants. 2025; 14(11):1278. 
https://doi.org/10.3390/antiox14111278 

26. Pizzino G, Irrera N, Cucinotta M, Pallio G, Mannino F, Arcoraci V, Squadrito F, Altavilla D, Bitto A. 
Oxidative Stress: Harms and Benefits for Human Health. Oxid Med Cell Longev. 2017;2017:8416763. doi: 
10.1155/2017/8416763. Epub 2017 Jul 27. PMID: 28819546; PMCID: PMC5551541. 

27. Aranda-Rivera AK, Cruz-Gregorio A, Arancibia-Hernández YL, Hernández-Cruz EY, Pedraza-Chaverri 
J. RONS and Oxidative Stress: An Overview of Basic Concepts. Oxygen. 2022; 2(4):437-478. 
https://doi.org/10.3390/oxygen2040030 

28. Khalid M, Petroianu G, Adem A. Advanced Glycation End Products and Diabetes Mellitus: Mechanisms 
and Perspectives. Biomolecules. 2022 Apr 4;12(4):542. doi: 10.3390/biom12040542. PMID: 35454131; 
PMCID: PMC9030615. 

29. Shi X, Li P, Liu H, Prokosch V. Oxidative Stress, Vascular Endothelium, and the Pathology of 
Neurodegeneration in Retina. Antioxidants (Basel). 2022 Mar 12;11(3):543. doi: 10.3390/antiox11030543. 
PMID: 35326193; PMCID: PMC8944517. 

30. Backston K, Morgan J, Patel S, Koka R, Hu J, Raina R. Oxidative Stress and Endothelial Dysfunction: 
The Pathogenesis of Pediatric Hypertension. International Journal of Molecular Sciences. 2025; 
26(11):5355. https://doi.org/10.3390/ijms26115355 

31. da Fonseca LJS, Nunes-Souza V, Goulart MOF, Rabelo LA. Oxidative Stress in Rheumatoid Arthritis: 
What the Future Might Hold regarding Novel Biomarkers and Add-On Therapies. Oxid Med Cell 
Longev. 2019 Dec 14;2019:7536805. doi: 10.1155/2019/7536805. PMID: 31934269; PMCID: 
PMC6942903. 

32. Mititelu RR, Pădureanu R, Băcănoiu M, Pădureanu V, Docea AO, Calina D, Barbulescu AL, Buga AM. 
Inflammatory and Oxidative Stress Markers—Mirror Tools in Rheumatoid Arthritis. Biomedicines. 
2020; 8(5):125. https://doi.org/10.3390/biomedicines8050125 

33. Ibiam, U. A. and Ugwu, O. P. C. A Comprehensive Review of Treatment Approaches and Perspectives for 
Management of Rheumatoid Arthritis. INOSR Scientific Research. 2023; 10(1):12-17. 
https://doi.org/10.59298/INOSRSR/2023/2.2.13322 

34. Alum, E. U. and Ugwu, O. P. C. Nutritional Strategies for Rheumatoid Arthritis: Exploring Pathways to 
Better Management. INOSR Scientific Research. 2023; 10(1):18-26. 
https://doi.org/10.59298/INOSRSR/2023/3.2.47322 

35. Hammerton G, Munafò MR. Causal inference with observational data: the need for triangulation of 
evidence. Psychol Med. 2021 Mar;51(4):563-578. doi: 10.1017/S0033291720005127. Epub 2021 Mar 8. 
Erratum in: Psychol Med. 2021 Jul;51(9):1591. doi: 10.1017/S0033291721002634. PMID: 33682654; 
PMCID: PMC8020490. 

36. Frijhoff J, Winyard PG, Zarkovic N, Davies SS, Stocker R, Cheng D, Knight AR, Taylor EL, Oettrich J, 
Ruskovska T, Gasparovic AC, Cuadrado A, Weber D, Poulsen HE, Grune T, Schmidt HH, Ghezzi P. 
Clinical Relevance of Biomarkers of Oxidative Stress. Antioxid Redox Signal. 2015 Nov 
10;23(14):1144-70. doi: 10.1089/ars.2015.6317. Epub 2015 Oct 26. PMID: 26415143; PMCID: 
PMC4657513. 

https://doi.org/10.3390/ijms252212252
https://doi.org/10.3390/antiox14111278
https://doi.org/10.3390/oxygen2040030
https://doi.org/10.3390/ijms26115355
https://doi.org/10.3390/biomedicines8050125
https://doi.org/10.59298/INOSRSR/2023/2.2.13322
https://doi.org/10.59298/INOSRSR/2023/3.2.47322


 
 
Mugo                                                                                www.iaajournals.org 

17 
 

 
 

CITE AS: Mugo Moses H. (2026). Autoantibody-Driven Oxidative Stress: The Role of Rheumatoid 
Factor in Systemic Redox Imbalance. IAA  Journal of Applied Sciences 14(1):12-17. 
https://doi.org/10.59298/IAAJAS/2026/1411217 
 

https://doi.org/10.59298/IAAJAS/2026/1411217

