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ABSTRACT 

Multimorbidity-the coexistence of two or more chronic conditions-is a growing global health burden, often driven 
by shared underlying biology rather than independent disease progression. Among key biological determinants, 
redox imbalance (or oxidative stress) stands out as a central nexus connecting metabolic dysfunction (e.g., type 2 
diabetes), autoimmunity, benign prostatic hyperplasia (BPH), and hepatic injury. Oxidative stress alters cellular 
signaling, immune regulation, metabolic pathways, and fibrotic responses. This review dissects how dysregulated 
redox systems contribute to these seemingly distinct conditions, highlighting shared molecular pathways, clinical 
interrelationships, and potential therapeutic targets. We explore how hyperglycemia and mitochondrial 
dysfunction propagate reactive oxygen species (ROS) and chronic inflammation, fueling autoimmunity and tissue 
remodeling. We examine redox-modulated immune dysregulation in autoimmune disease and how chronic 
systemic oxidative stress influences prostate growth and liver inflammation. Finally, we discuss how common 
interventions (antioxidants, lifestyle changes, and targeted pharmacotherapies) may attenuate disease progression 
across this multimorbidity spectrum. Understanding redox-driven mechanisms invites more integrated clinical 
approaches and rational biomarker-guided therapies. 
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INTRODUCTION 

Multimorbidity describes the simultaneous presence of multiple chronic diseases, a pattern increasingly observed 
in aging populations and in individuals with metabolic disorders[1]. Conventional medical frameworks often 
approach these diseases independently; however, accumulating evidence indicates that common biological 
mechanisms interconnect diverse pathologies. Among these shared mechanisms, redox imbalance which is defined 
as an excess of pro-oxidant molecules relative to antioxidant defenses has emerged as a central integrative driver 
of metabolic, immune, and organ-specific dysfunction. Rather than serving merely as a byproduct of disease, 
oxidative stress actively shapes cellular behavior, gene expression, and inflammatory signaling networks[2]. The 
generation of reactive oxygen species (ROS) and the resulting oxidative damage influence multiple tissues 
simultaneously. In diabetes, persistent hyperglycemia enhances mitochondrial ROS production and disrupts 
insulin signaling. In autoimmune disorders, redox imbalance alters antigen presentation and immune tolerance, 
promoting chronic inflammation. Within prostatic tissue, oxidative stress contributes to stromal remodeling and 
epithelial proliferation, while in the liver it sustains inflammation, lipid peroxidation, and fibrogenesis. These 
shared redox-driven pathways suggest that seemingly distinct disorders may represent interconnected 
manifestations of systemic oxidative dysregulation. This review integrates mechanistic and clinical insights to 
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highlight how redox biology underpins multimorbidity across metabolic, immune, prostatic, and hepatic 
conditions. 
2. Redox Biology: A Fundamental Overview 
Redox (reduction–oxidation) reactions are fundamental to cellular metabolism, energy generation, and 

intracellular signaling[3]. Reactive oxygen species, including superoxide anions (O₂⁻), hydroxyl radicals (•OH), 

and hydrogen peroxide (H₂O₂), are generated primarily in mitochondria during oxidative phosphorylation. At 
physiological levels, ROS function as signaling mediators that regulate proliferation, differentiation, apoptosis, and 
host defense. Endogenous antioxidant systems-such as superoxide dismutase, catalase, and glutathione 
peroxidase—maintain redox homeostasis by neutralizing excess ROS[4]. When ROS production overwhelms 
antioxidant capacity, oxidative stress develops. This imbalance damages lipids, proteins, and DNA, impairing 

cellular integrity. Furthermore, oxidative stress activates redox-sensitive transcription factors such as NF-κB and 
Nrf2, linking oxidative cues to inflammatory, metabolic, and fibrotic gene expression programs. Persistent redox 
dysregulation therefore represents a unifying mechanism in chronic disease pathogenesis. 
3. Redox Imbalance in Diabetes 
3.1 Hyperglycemia-Induced Oxidative Stress 
In type 2 diabetes, persistent hyperglycemia is a primary driver of oxidative stress. Excess intracellular glucose 
increases flux through the mitochondrial electron transport chain, resulting in overproduction of reactive oxygen 
species (ROS) due to impaired oxidative phosphorylation and electron leakage[5]. In parallel, alternative glucose 
metabolic pathways such as the polyol and hexosamine pathways become overactive. These pathways consume 
nicotinamide adenine dinucleotide phosphate (NADPH), a critical cofactor required for regenerating reduced 
glutathione, thereby weakening endogenous antioxidant defenses[6]. Non-enzymatic autoxidation of glucose and 
the formation of advanced glycation end products further amplify free radical generation. The cumulative effect of 
these processes is oxidative damage to lipids, proteins, and DNA. Vascular endothelial cells are particularly 
vulnerable, leading to endothelial dysfunction, impaired nitric oxide bioavailability, and microvascular injury. 
These mechanisms underpin the development of diabetic complications, including nephropathy, retinopathy, and 
neuropathy, and contribute to accelerated atherosclerosis. 
3.2 Redox and Insulin Resistance 
Oxidative stress also directly impairs insulin signaling pathways[7]. Reactive oxygen species modify insulin 
receptor substrates and disrupt downstream signaling cascades essential for glucose uptake. Activation of 
stress-sensitive serine kinases such as c-Jun N-terminal kinase promotes inhibitory phosphorylation of insulin 
receptor substrates, attenuating insulin responsiveness[8]. Additionally, lipid peroxidation products accumulate in 
adipose tissue, exacerbating adipocyte dysfunction and inflammatory cytokine release. Together, these events 
create a self-perpetuating cycle in which insulin resistance worsens hyperglycemia, further increasing oxidative 
stress and metabolic dysfunction. 
4. Autoimmunity: Redox and Immune Dysregulation 
4.1 Redox Control of Immune Tolerance 
Physiological levels of ROS are integral to immune signaling and pathogen defense[9]. However, excessive 
oxidative stress disrupts immune homeostasis by altering antigen presentation and enhancing pro-inflammatory 
macrophage activation[10]. Redox imbalance influences T-cell differentiation, favoring inflammatory subsets such 
as Th17 cells over regulatory T cells. This shift undermines immune tolerance and increases susceptibility to 
autoimmune responses. 
4.2 ROS in Autoimmune Disease Pathogenesis 
Many autoimmune disorders, including rheumatoid arthritis and systemic lupus erythematosus, exhibit elevated 
oxidative stress markers[11]. ROS activate inflammasomes and nuclear factor kappa B, amplifying cytokine 
production and sustaining chronic inflammation. Oxidative damage to cellular components can generate 
neoantigens, further stimulating autoreactive immune cells and perpetuating tissue injury[12]. 
4.3 Overlap with Diabetes 
Type 1 diabetes represents a prototypical autoimmune disease in which oxidative stress accelerates pancreatic 
beta-cell destruction[13]. Even in type 2 diabetes, chronic low-grade inflammation and immune activation 
contribute to disease progression, illustrating the convergence of metabolic and autoimmune mechanisms under a 
shared redox framework[14]. 
5. Benign Prostatic Hyperplasia: Redox Influences 
Benign prostatic hyperplasia (BPH) is a non-malignant enlargement of the prostate gland that commonly affects 
aging men and contributes significantly to lower urinary tract symptoms[15]. Increasing evidence indicates that 
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BPH is not merely a hormonally driven condition but is also shaped by chronic inflammation and oxidative stress. 
Redox imbalance appears to influence cellular proliferation, stromal remodeling, and inflammatory signaling 
within prostatic tissue, linking BPH to systemic metabolic and inflammatory states. 
5.1 Oxidative Stress in Prostate Tissue 
Prostatic tissue is particularly susceptible to oxidative injury due to its high metabolic activity and exposure to 
inflammatory mediators[16]. Local infiltration of immune cells promotes reactive oxygen species (ROS) 
production through respiratory burst mechanisms. Age-related hormonal alterations, particularly changes in 
androgen and estrogen balance, may affect the expression and activity of endogenous antioxidant enzymes such as 
superoxide dismutase and glutathione peroxidase[17]. Additionally, metabolic dysfunction in adjacent stromal 
and epithelial cells can impair mitochondrial function, further increasing ROS generation. Elevated levels of lipid 
peroxidation products and diminished antioxidant capacity have been detected in BPH tissue samples[18]. 
Oxidative stress may stimulate growth factor signaling pathways, activate redox-sensitive transcription factors, 
and enhance cytokine production, collectively promoting epithelial proliferation and stromal expansion. Over time, 
this redox-driven remodeling contributes to gland enlargement and urinary obstruction. 
5.2 Shared Pathways with Metabolic Disease 
Obesity and metabolic syndrome are recognized risk factors for BPH and are characterized by systemic oxidative 
stress and chronic low-grade inflammation[19]. Hyperinsulinemia and insulin resistance increase sympathetic 
nervous system activity and augment the expression of growth-promoting factors within the prostate[20]. These 
metabolic disturbances interact with ROS-mediated inflammatory pathways, amplifying tissue remodeling and 
hyperplastic growth. Thus, BPH may represent a local manifestation of broader metabolic and redox 
dysregulation. 
5.3 Redox and Fibroblast Activation 
Fibroblasts within the prostatic stroma are highly responsive to oxidative signals[21]. Excess ROS can activate 
these cells, stimulating extracellular matrix synthesis and deposition. This process enhances stromal thickening 
and glandular expansion, key pathological features of BPH[22]. Redox-sensitive pathways also modulate 
transforming growth factor-beta signaling, further promoting fibrotic remodeling. 
6. Hepatic Injury: Redox as a Central Driver 
The liver functions as a central metabolic organ responsible for detoxification, lipid metabolism, and glucose 
regulation[23]. Because of its high oxidative capacity and continuous exposure to metabolic substrates, it is 
especially vulnerable to redox imbalance[24]. Persistent oxidative stress disrupts hepatocellular integrity and 
promotes inflammation and fibrosis. 
6.1 Non-Alcoholic Fatty Liver Disease (NAFLD) 
Non-alcoholic fatty liver disease spans a spectrum from simple steatosis to non-alcoholic steatohepatitis and 
progressive fibrosis[25]. Excess free fatty acids delivered to the liver undergo beta-oxidation, generating 
substantial amounts of ROS. Mitochondrial dysfunction further amplifies oxidative stress, while lipid peroxidation 
products initiate inflammatory cascades[26]. These events convert benign fat accumulation into hepatocellular 
injury, inflammatory infiltration, and fibrogenic activation. 
6.2 Immune and Redox Crosstalk in the Liver 
Kupffer cells, the resident macrophages of the liver, respond to oxidative stress by releasing pro-inflammatory 
cytokines and chemokines[27]. ROS also activate hepatic stellate cells, the principal mediators of liver fibrosis, 
promoting collagen deposition and scar formation. Sustained redox signaling thus drives progression from 
inflammation to structural liver damage[28]. 
6.3 Diabetes and Hepatic Oxidative Stress 
In diabetes, chronic hyperglycemia and dyslipidemia intensify hepatic ROS production[29]. Impaired antioxidant 
defenses and mitochondrial stress accelerate NAFLD progression and increase the risk of advanced fibrosis[30]. 
This interplay underscores the systemic nature of redox-driven multimorbidity linking metabolic and hepatic 
disease. 
7. Therapeutic Implications 
If redox imbalance represents a central mechanism underlying multimorbidity, then interventions that restore 
redox homeostasis may confer benefits across multiple chronic conditions simultaneously[31]. Rather than 
focusing on single-organ treatment, a redox-centered strategy emphasizes systemic metabolic and inflammatory 
regulation[32]. 
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7.1 Antioxidant Strategies 
Dietary antioxidants such as vitamins C and E, carotenoids, and plant-derived polyphenols may help neutralize 
excess reactive oxygen species and reduce lipid peroxidation[33]. Diets rich in fruits, vegetables, whole grains, 
and healthy fats provide a broad spectrum of redox-supportive compounds that work synergistically rather than as 
isolated supplements. Endogenous antioxidant support, including N-acetylcysteine and other glutathione 
precursors, enhances intracellular detoxification capacity and improves cellular resilience against oxidative 
injury[34]. Although large clinical trials of antioxidant supplementation have yielded mixed results, carefully 
selected use in early metabolic disease, non-alcoholic fatty liver disease, or high oxidative stress states may offer 
targeted benefit. 
7.2 Redox-Sensitive Pathway Modulators 
Pharmacologic agents that influence redox-sensitive signaling pathways may exert pleiotropic effects[35]. For 
example, drugs that inhibit nuclear factor kappa B reduce inflammation, while agents such as metformin improve 
mitochondrial efficiency and decrease oxidative stress, benefiting metabolic and hepatic outcomes[36]. 
7.3 Lifestyle and Metabolic Interventions 
Regular physical activity enhances mitochondrial function and upregulates endogenous antioxidant enzymes[37]. 
Effective glycemic control reduces hyperglycemia-driven reactive oxygen species production, and weight 
management lowers systemic inflammation. Collectively, these lifestyle strategies address the root drivers of 
redox dysregulation and improve overall health outcomes across interconnected diseases[38]. 

CONCLUSION 
Redox imbalance is a unifying thread linking diabetes, autoimmunity, benign prostatic hyperplasia, and hepatic 
injury. Understanding these connections reframes multimorbidity not as a collection of isolated diseases but as 
manifestations of systemic dysregulation. Targeting redox biology through lifestyle, pharmacological, and 
metabolic strategies could offer broad therapeutic effects, potentially slowing or preventing the progression of 
multiple chronic conditions simultaneously. Bridging basic science with clinical practice offers a comprehensive 
framework for future research and care strategies focused on improving outcomes in complex, interconnected 
disease systems. 

REFERENCES 
1. Fabbri E, Zoli M, Gonzalez-Freire M, Salive ME, Studenski SA, Ferrucci L. Aging and Multimorbidity: 

New Tasks, Priorities, and Frontiers for Integrated Gerontological and Clinical Research. J Am Med Dir 
Assoc. 2015 Aug 1;16(8):640-7. doi: 10.1016/j.jamda.2015.03.013. Epub 2015 May 7. PMID: 25958334; 
PMCID: PMC5125299. 

2. Skou ST, Mair FS, Fortin M, Guthrie B, Nunes BP, Miranda JJ, Boyd CM, Pati S, Mtenga S, Smith SM. 
Multimorbidity. Nat Rev Dis Primers. 2022 Jul 14;8(1):48. doi: 10.1038/s41572-022-00376-4. PMID: 
35835758; PMCID: PMC7613517. 

3. Sies H, Mailloux RJ, Jakob U. Fundamentals of redox regulation in biology. Nat Rev Mol Cell Biol. 2024 
Sep;25(9):701-719. doi: 10.1038/s41580-024-00730-2. Epub 2024 Apr 30. Erratum in: Nat Rev Mol Cell 
Biol. 2024 Sep;25(9):758. doi: 10.1038/s41580-024-00754-8. PMID: 38689066; PMCID: PMC11921270. 

4. Alum, E.U., Izah, S.C., Uti, D.E., Ugwu, O.P., Betiang, P.A., Basajja, M., Ejemot-Nwadiaro, R.I. 
Targeting Cellular Senescence for Healthy Aging: Advances in Senolytics and Senomorphics. Drug Des 
Devel Ther. 2025 Sep 19;19:8489-8522. doi: 10.2147/DDDT.S543211. PMID: 40994903; PMCID: 
PMC12456441. 

5. Zhang Z, Huang Q, Zhao D, Lian F, Li X, Qi W. The impact of oxidative stress-induced mitochondrial 
dysfunction on diabetic microvascular complications. Front Endocrinol (Lausanne). 2023 Feb 
7;14:1112363. doi: 10.3389/fendo.2023.1112363. PMID: 36824356; PMCID: PMC9941188. 

6. Uti DE, Atangwho IJ, Alum EU, Egba SI, Ugwu OPC, Ikechukwu GC. Natural Antidiabetic Agents: 
Current Evidence and Development Pathways from Medicinal Plants to Clinical use. Natural Product 
Communications. 2025;20(3). doi:10.1177/1934578x251323393 

7. Godfrey Ogochukwu Ezema, Ndukaku Yusuf Omeh, Egba Simeon Ikechukwu, Ejiofor C Agbo, 
Adachukwu Ada Ikeyiand Emmanuel Ifeanyi Obeagu. Evaluation of Biochemical Parameters of Patients 
with Type 2 Diabetes Mellitus Based on Age and Gender in Umuahia (2023) Asian Journal of Dental and 
Health Sciences 2023; 3(2):32-36 

 
8. Pieri BLdS, Rodrigues MS, Farias HR, Silveira GdB, Ribeiro VdSGdC, Silveira PCL, De Souza CT. Role 

of Oxidative Stress on Insulin Resistance in Diet-Induced Obesity Mice. International Journal of 

https://www.researchgate.net/journal/Asian-Journal-of-Dental-and-Health-Sciences-2834-989X
https://www.researchgate.net/journal/Asian-Journal-of-Dental-and-Health-Sciences-2834-989X


 

 

www.idosr.org                                                                                            Ali, 2026 

52 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in 
any medium, provided the original work is properly cited. 

 
 

Molecular Sciences. 2023; 24(15):12088. https://doi.org/10.3390/ijms241512088 
9. Liu S, Liu J, Wang Y, Deng F, Deng Z. Oxidative Stress: Signaling Pathways, Biological Functions, and 

Disease. MedComm (2020). 2025 Jul 1;6(7):e70268. doi: 10.1002/mco2.70268. PMID: 40599237; PMCID: 
PMC12209598. 

10. Uroko Robert Ikechukwu., Agbafor Amarachi, Uchenna Oluomachi Nancy, Achi Ngozi Kalu, Egba 
Simeon Ikechukwu, Nweje-Anyalowu Paul Chukwuemaka and Ngwu Ogochukwu Rita. Evaluation of 
Antioxidant Activity of Aqueous Extracts of Palm Friuts (Elaeis guineensis) Asian Journal of Biochemistry, 
2017; 12: 49-57 

11. Ibiam, U. A., Ugwuja, E. I., Aja, P. M., Igwenyi, I. O., Offor, C. E., Orji, O. U., Ezeani N. N, Ugwu, O. P. 
C., Aloke, C., Egwu, C. O. Antioxidant Effect of Buchholzia coriacea 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. 

12. Alum, E. U., 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 

 

13. Tomita T. Apoptosis of pancreatic β-cells in Type 1 diabetes. Bosn J Basic Med Sci. 2017 Aug 
20;17(3):183-193. doi: 10.17305/bjbms.2017.1961. PMID: 28368239; PMCID: PMC5581966. 

14. Burrack AL, Martinov T, Fife BT. T Cell-Mediated Beta Cell Destruction: Autoimmunity and 
Alloimmunity in the Context of Type 1 Diabetes. Front Endocrinol (Lausanne). 2017 Dec 5;8:343. doi: 
10.3389/fendo.2017.00343. PMID: 29259578; PMCID: PMC5723426. 

15. Uroko Robert Ikechukwu, Fatima Amin Adamude, Egba Simeon Ikechukwu, Chinedu Paulinus Nwuke, 
Chidinma Lilian Asadu and Peter Anyaorah. Effect of combined ethanol extract of Funtumia Africana and 
Abutilon mauritanium leaves on prostate biomarkers and serum mineral levels in prostatic hyperplasia 
induced in rats. J. Renal Endocrinol 2021; 7:e06 

16. Edyedu I, Ugwu OP, Ugwu CN, Alum EU, Eze VHU, Basajja M, Ugwu JN, Ogenyi FC, 
Ejemot-Nwadiaro RI, Okon MB, Egba SI, Uti DE, Aja PM. The role of pharmacological interventions in 
managing urological complications during pregnancy and childbirth: A review. Medicine (Baltimore). 
2025 Feb 14;104(7):e41381. doi: 10.1097/MD.0000000000041381. PMID: 39960970; PMCID: 
PMC11835077. 

17. Uhuo EN, Egba SI, Obike CA, Anyiam PN, Alaebo PO, Okeke PM, et al. Combined extracts of Syzygium 
aromaticum (Clove) and Xylopia aethiopica (Negro pepper) seeds inhibit testosterone propionate-induced 
benign prostatic hyperplasia in Wistar rats. All Life [Internet]. 2024 Dec 5;17(1). Available 
from:https://www.tandfonline.com/doi/epdf/10.1080/26895293.2024.2435277 

18. Roumeguère T, Sfeir J, El Rassy E, Albisinni S, Van Antwerpen P, Boudjeltia KZ, Farès N, Kattan J, 
Aoun F. Oxidative stress and prostatic diseases. Mol Clin Oncol. 2017 Nov;7(5):723-728. doi: 
10.3892/mco.2017.1413. Epub 2017 Sep 19. PMID: 29181163; PMCID: PMC5700279. 

19. Mbyemeire, H., Fasogbon, I. V., Musyoka, A. M., Oviosun, A., Ojiakor, V. O., Agunloye, M. O., et al. 
(2025). Exploring the use of phytotherapy in benign prostatic hyperplasia [BPH]: a systematic review. 
F1000Research, 14, 412. https://doi.org/10.12688/f1000research.162045.1 

20. IR Uroko, F A Adamude, S I Egba, C N Chukwu, C L Asadu, E C Okwara. Effects of combined ethanol 
extract of Funtumia africana and Abutilon mauritianum leaves (FAAM) on liver function indices of 
benign prostatic hyperplasia (BPH) induced rats, Herba Polonica,2020; 66 (3): 24-35 

21. Di Carlo E, Sorrentino C. The multifaceted role of the stroma in the healthy prostate and prostate cancer. 
J Transl Med. 2024 Sep 5;22(1):825. doi: 10.1186/s12967-024-05564-2. PMID: 39238004; PMCID: 
PMC11378418. 

22. Zhan M, Yang R, Gu Y, Zhu J, Guo M, Pupwe G, Huang X, Xu H, Jia Z, Takehiro K, Liu C, Li B, Wang 
Y, Chen Y, Wang X, Chen Q, Xu B. Fibroblasts promote the progression of benign prostatic hyperplasia 
through colony-stimulating factor 1 receptor-mediated RTK signaling in prostatic epithelial cells. Mol 
Biomed. 2025 Nov 28;6(1):126. doi: 10.1186/s43556-025-00360-w. PMID: 41313502; PMCID: 
PMC12662972. 

23. Kalra A, Yetiskul E, Wehrle CJ, et al. Physiology, Liver. [Updated 2023 May 1]. In: StatPearls 
[Internet]. Treasure Island (FL): StatPearls Publishing; 2025 Jan-. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK535438/ 

https://doi.org/10.3390/ijms241512088
https://doi.org/10.59298/INOSRSR/2023/2.2.13322
https://www.ncbi.nlm.nih.gov/books/NBK535438/


 

 

www.idosr.org                                                                                            Ali, 2026 

53 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in 
any medium, provided the original work is properly cited. 

 
 

24. InformedHealth.org [Internet]. Cologne, Germany: Institute for Quality and Efficiency in Health Care 
(IQWiG); 2006-. In brief: How does the liver work? [Updated 2023 Feb 28]. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK279393/ 

25. Carr RM, Oranu A, Khungar V. Nonalcoholic Fatty Liver Disease: Pathophysiology and Management. 
Gastroenterol Clin North Am. 2016 Dec;45(4):639-652. doi: 10.1016/j.gtc.2016.07.003. Epub 2016 Oct 
13. PMID: 27837778; PMCID: PMC5127277. 

26. Berardo C, Di Pasqua LG, Cagna M, Richelmi P, Vairetti M, Ferrigno A. Nonalcoholic Fatty Liver 
Disease and Non-Alcoholic Steatohepatitis: Current Issues and Future Perspectives in Preclinical and 
Clinical Research. International Journal of Molecular Sciences. 2020; 21(24):9646. 
https://doi.org/10.3390/ijms21249646 

27. Dixon LJ, Barnes M, Tang H, Pritchard MT, Nagy LE. Kupffer cells in the liver. Compr Physiol. 2013 
Apr;3(2):785-97. doi: 10.1002/cphy.c120026. PMID: 23720329; PMCID: PMC4748178. 

28. Uti, D.E. & Offor, C.E. Redox Signaling Disruption and Antioxidants in Toxicology: From Precision 
Therapy to Potential Hazards. Cell Biochem Biophys (2025). https://doi.org/10.1007/s12013-025-01846-8 

29. Ikpozu EN, Offor CE, Igwenyi, I.O, Ibiam, U.A., Obaroh, I.O. et al. RNA-based diagnostic innovations: A 
new frontier in diabetes diagnosis and management. Diabetes & Vascular Disease Research. 2025;22(2). 
doi:10.1177/14791641251334726 

30. Tan Y, Cheong MS, Cheang WS. Roles of Reactive Oxygen Species in Vascular Complications of 
Diabetes: Therapeutic Properties of Medicinal Plants and Food. Oxygen. 2022; 2(3):246-268. 
https://doi.org/10.3390/oxygen2030018 

31. Li Z, Xu D, Li X, Deng Y, Li C. Redox Imbalance in Chronic Inflammatory Diseases. Biomed Res Int. 
2022 Apr 8;2022:9813486. doi: 10.1155/2022/9813486. PMID: 35434128; PMCID: PMC9012650. 

32. Bellanti F, Coda ARD, Trecca MI, Lo Buglio A, Serviddio G, Vendemiale G. Redox Imbalance in 
Inflammation: The Interplay of Oxidative and Reductive Stress. Antioxidants. 2025; 14(6):656. 
https://doi.org/10.3390/antiox14060656 

33. Kalogerakou T, Antoniadou M. The Role of Dietary Antioxidants, Food Supplements and Functional 
Foods for Energy Enhancement in Healthcare Professionals. Antioxidants (Basel). 2024 Dec 
10;13(12):1508. doi: 10.3390/antiox13121508. PMID: 39765836; PMCID: PMC11672929. 

34. Pruteanu LL, Bailey DS, Grădinaru AC, Jäntschi L. The Biochemistry and Effectiveness of Antioxidants 
in Food, Fruits, and Marine Algae. Antioxidants. 2023; 12(4):860. 
https://doi.org/10.3390/antiox12040860 

35. Murai T, Matsuda S. Pleiotropic Signaling by Reactive Oxygen Species Concerted with Dietary 
Phytochemicals and Microbial-Derived Metabolites as Potent Therapeutic Regulators of the Tumor 
Microenvironment. Antioxidants (Basel). 2023 May 6;12(5):1056. doi: 10.3390/antiox12051056. PMID: 
37237922; PMCID: PMC10215163. 

36. Manful CF, Fordjour E, Subramaniam D, Sey AA, Abbey L, Thomas R. Antioxidants and Reactive 
Oxygen Species: Shaping Human Health and Disease Outcomes. International Journal of Molecular 
Sciences. 2025; 26(15):7520. https://doi.org/10.3390/ijms26157520 

37. Aja, P.M, Agu, P.C., Musyoka, A.M., Ngwueche, W., Odo, J.U., et al. Integrative Approaches to Prostate 
Disease Management: Nutrition, Exercise, and Lifestyle Modifications. American Journal of Men’s Health. 
2025;19(3). doi:10.1177/15579883251344571 

38. Powers SK, Goldstein E, Schrager M, Ji LL. Exercise Training and Skeletal Muscle Antioxidant 
Enzymes: An Update. Antioxidants (Basel). 2022 Dec 25;12(1):39. doi: 10.3390/antiox12010039. PMID: 
36670901; PMCID: PMC9854578. 

 
 

CITE AS: Zakaria Ali (2026). Redox-Driven Multimorbidity: Integrating Diabetes, 
Autoimmunity, BPH, and Hepatic Injury. IDOSR JOURNAL OF APPLIED SCIENCES 
11(2):48-53. https://doi.org/10.59298/IDOSRJAS/2026/1124853               

 

https://www.ncbi.nlm.nih.gov/books/NBK279393/
https://doi.org/10.3390/ijms21249646
https://doi.org/10.1007/s12013-025-01846-8
https://doi.org/10.3390/oxygen2030018
https://doi.org/10.3390/antiox14060656
https://doi.org/10.3390/antiox12040860
https://doi.org/10.3390/ijms26157520
https://doi.org/10.1177/15579883251344571
https://doi.org/10.59298/IDOSRJAS/2026/1124853

