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Abstract 

Aging is accompanied by progressive gastrointestinal structural and functional decline, increased 

intestinal permeability, dysbiosis, and impaired mucosal immunity, collectively elevating 

susceptibility to infections, chronic inflammation, and multimorbidity. These age-related changes are 

further exacerbated by polypharmacy, metabolic disorders, and lifestyle factors, positioning the 

gastrointestinal tract as a central driver of systemic physiological decline. Gut-centered interventions 

have emerged as critical strategies to mitigate these vulnerabilities and support healthy ageing. 

Dietary modulation, prebiotic and probiotic supplementation, and microbiota-targeted approaches 

have demonstrated efficacy in improving gut microbial diversity, enhancing short-chain fatty acid 

production, restoring epithelial integrity, and modulating immune signaling in older adults. Beyond 

nutritional strategies, non-nutritional interventions such as molecular hydrogen and medical ozone 

offer complementary mechanisms by selectively neutralizing reactive oxygen species, reducing pro-

inflammatory signaling, modulating gut microbiota, and promoting mucosal repair. Hydrogen-

based therapies, administered via hydrogen-rich water or inhalation, confer antioxidant, anti-

inflammatory, and cytoprotective effects, while ozone therapy exhibits broad-spectrum antimicrobial 

activity, enhances tissue oxygenation, and stimulates epithelial and vascular repair. Economic 

considerations further differentiate these modalities, with hydrogenated water positioned as a 

premium wellness product and ozonated water representing a cost-effective, scalable option for 

geriatric gastrointestinal care. Although preclinical and early clinical studies are promising, evidence 

in older adults remains limited, emphasizing the need for well-designed, age-specific trials to 

establish safety, dosing, and efficacy. Integrating dietary, microbiota-targeted, and emerging non-

nutritional gut-centered interventions offers a multimodal framework to preserve gut integrity, 

immune competence, and functional health, potentially mitigating age-related decline and 

supporting overall healthspan in older populations. 

Keywords: aging; gastrointestinal health; gut microbiota; hydrogen therapy; ozone therapy; 

dysbiosis; immunosenescence; inflammaging; geriatric care; interventions 

 

1. Introduction 

Aging represents one of the most pressing global public health challenges, affecting an 

approximately 50–65% of community-dwelling adults over the age of 65 with projections indicating 

a doubling of this population by 2050 [1]. Progressive decline in age, being accompanied with other 

conditions [1], such as metabolic, cardiovascular, and musculoskeletal conditions [2] significantly 

affect the quality of life in high-income populations and increase healthcare burden worldwide [3]. 
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Older adults with existing comorbidities, especially those co-diagnosed with cardiovascular disease, 

pulmonary and renal dysfunctions, as well as diabetes, due to compromised immune functions and 

necessity to frequently require hospitalization have elevated risk of infections [3,4] and mortality [3]. 

This heightened susceptibility to infections reflects a convergence of metabolic dysregulation, and 

age-related deterioration of systemic immune system, known as immuno-senescence, characterized 

by chronic low-grade inflammation (“inflammaging”) [5]. 

Immunosenescence negatively influences both innate and adaptive immune responses, that is 

demonstrated as reduced phagocytic activity and antibody production, as well as weakened T-cell 

function [6,7]. In parallel, inflammaging driven by persistent activation of inflammatory pathways in 

metabolic and cardiovascular disease further compromises immune resilience and reduce tissue 

repair capacity [8]. Metabolic disturbances common for obesity and type 2 diabetes as contributors 

to systemic inflammation have been shown to accelerate immune aging and exacerbate the infection 

risk in older populations [6,8]. For example, pneumococcal disease have been linked to the fivefold 

higher risk of death in in older adults with comorbidities compared to those without (16% vs. 3.2%) 

[4]. Similarly, seasonal respiratory infections, such as influenza and norovirus have been linked with 

increased hospitalization and mortality, particularly among institutionalized older adults [9]. 

Interestingly, an higher risk was also observed for gastrointestinal infections, among those caused by 

Clostridioides difficile represents the leading cause of healthcare-associated diarrhea in aging 

individuals with kidney, liver, or cardiovascular disease [10,11]. Of special interest are also 

immunocompromised older patients diagnosed with infections attributed to the presence of other 

pathogens, including Helicobacter pylori and parasites, in particular Blastocystis spp., and Dientamoeba 

fragilis [12], as they may have increased prevalence of non-specific gastrointestinal symptoms, like 

irritable bowel syndrome (IBS) and chronic diarrhea [13]. 

Although progressive aging and immunosensesence seem to be a key factor linked with 

increasing infection risk, also the changes in gut physiology present in older populations may play 

an important role in the infection, vulnerability and immunity among older populations [14,15]. Use 

of multiple types of medications, particularly proton pump inhibitors and antibiotics, additionally 

affects the composition of the gut microbiota, reduce microbial diversity, and promotes dysbiosis 

[16]. Also, accompanied with polypharmacy reduced gastric acid secretion, may influence intestinal 

motility, and disturb mucus layer integrity, loosen epithelial tight junctions, consequently increase 

risk of pathogen translocation [14,17]. This might be of special interest in the aging populations, as 

gastrointestinal dysfunction itself affects up to 40–50% of adults over 80 years of age and significantly 

contributes to functional decline, loss of independence, and institutionalization [18]. In addition, 

these individuals frequently present the changes in the gut microbiota composition, characterized by 

depletion of anti-inflammatory bacteria involved in short chain acid (SCFA) production, such as 

Akkermansia, Bifidobacterium, Faecalibacterium, and Lactobacillus, in expense of pro-inflammatory taxa 

[19,20]. This shift in the gut microbiome is considered as additional disturbor of the integrity of 

intestinial barier, that further promote the endotoxemia and translocation of inflammatory mediators, 

such as lipopolysaccharides (LPS)[17]. The increased pro-inflammatory enviroment associated with 

trimethylamine N-oxide accumulation, may additionaly contribute to systemic manifestations, 

reflecting in increased severity of cardiovascular and neurodegenerative conditions, as well as 

impaired glucose regulation and malnutrition [19,21,22]. 

Given these complex mechanisms how progressive aging by infleuncing the immune function 

and microbiota composition can influnce on the health and infection in older populations, the 

interventions supporting the gastrointestinal competence are of increased interest. Although many 

dietary approaches, including supplementation with microbial perparations have been tested, other 

alternatives with imunomodulatory properties are of interest. Hydrogen and ozone-based 

interventions, represent emerging adjunctive approaches with potential to support gut–immune axis 

regulation in aging populations [23]. 

Therefore, given the potential of using hydrogen and ozone-based interventions, thus still 

limited knowledge and implications in gut-centered care in geriatric patients [5,24], the key aim of 
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this explorative review is to present the exisitng knowledge from human studies on potential health 

benefits of using hydrogen- and ozone-based therapies in improving gastrointestinal health among 

older adults. In addition, the economic advantages for public healthacre systems will be justified with 

key purpose to reduce burden of costs linked with progressive aging worldwide. 

2. Aging and Gastrointestinal Multimorbidity 

As populations age, the prevalence of multimorbidity having multiple chronic diseases 

increases, including gastrointestinal conditions. This significantly affects the quality of life of older 

populations, therefore understanding the effects of acquired conditions on aging on the gut health is 

of interes, with main purpose of developing effective prevention and management strategies. 

Epidemiological studies focused on the multimorbidity patterns and GI vulnerability consistently 

demonstrated that disorders affecting GI are considered as an important factor contributing to 

diagnosis of additional comorbid conditions, with metabolic, cardiovascular, and musculoskeletal 

diseases in Asian countries [25–27]. 

Although gastrointestinial manifestations are common in aging populations, they are 

considered as early indicators of other chronic conditions. In older adults, gut-related issues were 

reported to be less stable over time as many individuals progress from the GI-dominant disorders to 

cardiovascular or multi-system disease as they age [26,28,29]. Factors such as advanced age, female 

gender, low socioeconomic status, poor childhood health, presence of obesity, along with unhelalthy 

lifestyle habits, low physicial activity substance use, were linked to higher comorbidity risk 

associated with chronić inflammatory gut diseases [26]. Additionally, in older adults, the poor gut 

health was associated with increased healthcare utilization, functional decline, and, when combined 

with other chronic conditions, higher mortality and risk of complications [28,30], including 

gastrointestinial bleeding [31]. Notably, the chronic gastrointestinial diseases are often reported 

alongside arthritis or metabolic dysfunction, what all together may additionally elevate the risk of 

functional and mental health decline in these individuals [32,33]. Although there are many possible 

mechanisms, these elevated risks are often attributed to structural and functional changes withing 

the gastrointestinial system, including impaired motility, reduced mucosal defense, and altered gut 

microbiota, all of which increase susceptibility to malnutrition and infection [20,34]. Notably, 

progressive aging has been associated with decreased esophageal, gastric, and colonic motility, often 

resulting in slower transit, constipation, and dysphagia, that may reduce nutrient absorption and 

increase the risk of malnutrition and related complication [34,35]. In addition, subsequent changes 

withing the composition of the gut microbiota may result in the reduced microbial diversity, 

characterized by lower counts of beneficial bacteria [19] including Akkermansia, however an increase 

in pro-inflammatory or opportunistic organisms [36]. These changes promote a persistient state of 

inflammaging”, which have been associated with frailty, infection, and poor nutritional status [19]. 

The limited avability of essential nutrients over time may lead to malnutrition that further increase 

the risks for the development of a range of conditions associated with neurological muscoskeletal, 

cardiovascular, immune and skin conditions [16]. 

Taken together, these structural and functional shifts illustrate how aging transforms the gut 

into a more prone system that contributes to multimorbidity and amplifies the impact of existing 

chronic diseases. As gastrointestinal homeostasis seem to be compromised due to progressive aging, 

the immune competence and ability to defend against infections can be significantly affected.  

3. Age-Related Immunological Disturbances and Their Effect on the Gut 

Physiology  

Progressive ageing has significant impact on the gut physiology, including the mucosal 

immunity, intestinal barrier integrity and microbial ecology [35,37]. These age-induced immune 

disturbances may further promote increased intestinal permeability, dysbiosis, and impaired 

immune homeostasis [37], that all together promote systemic immune ageing along with increased 
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development of age-associated diseases [38], including obesity, diabetes, cardiovascular disease, and 

dementia that collectively contribute to increased infection risk and disease severity among older 

adults [35,39].  

Immunosenescence, characterized as the gradual deterioration of immune function associated 

with age [5,40], significantly compromises host defense against pathogens [37] and opportunistic 

microorganisms [5]. Quantitative and qualitative defects in innate and adaptive immunity, including 

reduced T- and B-cell diversity, impaired phagocytic activity, and a persistent pro-inflammatory 

environment ultimately lead to immune exhaustion, that is reflected in suboptimal vaccine responses 

and increased susceptibility to infections in aging populations [5]. In addition, immunosenescence 

frequently coexists with inflammaging, a chronic low-grade inflammatory state with increased 

sustained production of pro-inflammatory mediators such as interleukin-6 (IL-6), tumor necrosis 

factor-α (TNF-α), and C-reactive protein (CRP), that further lead to thymic involution, T-cell 

exhaustion, and reduced avability of naïve lymphocytes [40,41]. These systemic alterations impair 

immune resilience which also affect the gut-associated lymphoid tissue (GALT) involved in 

maintaining mucosal homeostasis, antigen sampling, immunoglobulin A (IgA) production, and 

localized immune surveillance at the intestinal surface [42,43]. As progressive ageing may lead to 

reduced lymphocyte repertoire diversity and dysregulated cytokine signaling, may compromise the 

effective immune responses against pathogenic and opportunistic microorganisms within GALT. 

Following alterations may have serious consequences, thus the gastrointestinal tract is continuously 

exposed to many antigens and requires tightly regulated balance between immune tolerance and 

acute responses against pathogens. Nevertheless, the persistent inflammaging and disruptions in 

redox systems attributed to progressive aging have been shown to activate innate immune pathways 

and promote the release of pro-inflammatory cytokines such as IL-6 and TNF-α through the 

senescence-associated secretory phenotype (SASP) [42,44]. Furthermore, there is growing evidence 

to demonstrate the role of ageing in disrupting intestinal morphology and function, that can 

contribute to perturbed integrity of epithelial tight junction, along with reduced mucus production, 

and lower secretion of antimicrobial peptides [41]. An increased intestinal permeability promote the 

translocation of pro-inflammatory microbial products into systemic circulation, what may promote 

systemic inflammation and accelerate thymic involution and T-cell exhaustion [45]. Notably, older 

individuals are reported with lower microbial diversity what may favors the expansion of pathogenic 

and opportunistic microorganisms and diminishing the beneficial commensals linked with SCFAs 

production and immunoregulatory bioactives. Consequently, these age-associated changes within 

the composition of gut microbiota promote establishment of inflammatory luminal environment, that 

exaggerate mucosal immune activation and inflammaging [46]. 

Taken together, the age-induced changes within immune system along with immunosenescence, 

should be considered as intestinal barrier dysfunction, and age-associated dysbiosis positions the 

gastrointestinal tract as a central therapeutic target in geriatric care. This framework supports the 

exploration of gut-centered interventions capable of modulating oxidative stress, microbial 

composition, and immune responses, thereby addressing key drivers of inflammation and 

gastrointestinial conditions in aging populations.  

4. Gut-Centered Therapeutic Strategies in Aging 

Progressive aging is accompanied by significant physiological changes within physiology 

involving multiple organs, among which immune and the gastrointestinal systems have emerged as 

one of the most vulnerable. Although many mechanisms have been implicated, the aging impact on 

the gut microbiota, that is a key regulator of metabolic homeostasis, immune function, and 

neuroendocrine signaling, seem to have the most profound impact on the susceptibility to chronic 

disease, frailty, cognitive impairment, and chornic low-grade systemic inflammation in older adults. 

Importantly, age-related alterations in gut function and microbial ecology are increasingly 

recognized not as passive consequences of aging, but as active contributors to biological aging 

trajectories.  
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Given these implications, the gut microbiome has emerged as central therapeutic target in 

geriatric care and aging prevention. Gut-centered strategies, including dietary interventions and 

microbiota-directed supplementation, lifestyle interventions offer a unique opportunity to mitigate 

inflammaging, preserve metabolic resilience, and support healthy longevity. Understanding the 

drivers of microbiota disruption in older adults is therefore essential for the development of effective, 

personalized interventions aimed at maintaining gut integrity and systemic health across the aging 

continuum. 

Research to date demonstrated that changes within the gut microbiota associated with aging can 

be induced by both intrinsic biological factors as well as by modifiable external factors, including 

dietary habits, medications, and physical activity. In particular, long-term use of multiple 

medications, such as antibiotics, proton pump inhibitors (PPIs), and laxatives prescribed for 

management of coexisting chronic conditions has been shown to significantly disrupt the gut 

homeostasis and promote dysbiosis further leading to impaired gut barrier function and immune 

dysregulation, that reinforce inflammaging and increase vulnerability to infections and systemic 

complications [47]. 

Fibre-rich dietary patterns and microbiota-centered interventions have emerged as promising 

strategies to counteract age-related dysbiosis and promote healthy ageing. Early evidence 

demonstrate that interventions with prebiotic fibre, such as inulin and resistant starch, as well as 

synbiotic formulations targeting butyrate-producing taxa including Faecalibacterium and Roseburia, 

may restore SCFAs availability, improve epithelial barrier integrity, and shift immune signaling 

toward anti-inflammatory profiles [47]. In addition, evidence from human studies further supports 

the clinical relevance of gut-focused interventions in modifying ageing-induced conditions, including 

frailty, sarcopenia, cognition, impared glycaemic control, and biological ageing markers. Among the 

most sucessful startegies, plant-based interventions with rich in fibre foods have associated with 

favorable microbial profiles and improved health outcomes within musculoskeletal, immune, 

vascular, and neurocognitive systems. Interestingly, lifestyle programs incorporating Mediterranean- 

or DASH-like dietary models through promoting favourable gut mictobiota profiles were associated 

with benefits for cognitive function and systemic inflammation reduction in older or at-risk 

populations, that is consistient with observational data suggesting such dietary patterns in later life 

with slower cognitive decline and reduced frailty, likely mediated in part through microbiome-

associated reductions in systemic inflammation [48,49]. 

Accordingly, there is evidence to support the role of gut-focused supplementation in 

management of the ageing-related outcomes. A recent study involving community-dwelling adults 

aged ≥65 years, have shown that daily intervention with a prebiotic blend composed of inulin and 

oligofructose through favorable shifts in the gut microbiota toward higher proportions of bifidogenic 

taxa and SCFAs producers may improve frailty status and physical function compared with placebo 

[50]. Similarly, the “Gut Feelings” study which involved adults with moderate psychological distress 

and low dietary prebiotic intake, a 8-week long intervention with a high-prebiotic diet, combined 

with probiotic supplementation, indicated that increasing intake of plant-based foods, such as 

legumes, whole grains, onions, garlic, leeks, and resistant starch may improve the total mood, and 

reduce anxiety, stress, and sleep disturbances compared with placebo [46]. The observed clinically 

considerable effect on mental health outcomes seem to be attributed to the increased fermentable fibre 

intake following intervention that may contribute to increased microbial diversity, and higher fecal 

SCFAs levels, resultant from regular intake of food-based fibre [51]. Furthermore, results of a recent 

meta-analysis s further support the potential role of probiotic supplementation in ageing-related 

functional outcomes. Across trials interventions with Lactobacillus and Bifidobacterium ranging from 8 

to 24 weeks at doses of approximately 10⁹–10¹¹ CFU/day, have associated with moderate 

improvements in inflammatory markers including CRP IL-6 [52]. Interestingly, supplementation 

with a probiotic-based nutritional supplement for 8 weeks, through increasing the abundance of 

beneficial taxa such as Bifidobacterium, lead to improvements in cognitive and neuromuscular 

function among individuals with early symptomatic Alzheimer’s disease [52,53]. 
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Although dietary modulation and microbiota-targeted therapies represent core components of 

gut-centered care in ageing populations, they more recently are supplemented with other 

interdisciplinary strategies capable of modulating redox balance, epithelial regeneration, immune 

signaling, and microbial ecology through non-nutritional mechanisms. Within this context, molecular 

hydrogen-based and ozone-based interventions have gained attention due to their favorable effects 

on redox status along with ability to improve mitochondrial metabolism and immune function, that 

seem to affected in older individuals. Given the promising effects of these therapeutic strategies will 

be further explored to justify their suitability for multimorbidity, chronic inflammation and infection 

management among aging populations. 

4.1. Hydrogen-Based Interventions in Gastrointestinal Health 

Building on the rationale for gut-centered strategies in ageing, molecular hydrogen has emerged 

as a promising non-nutritional intervention targeting oxidative stress, inflammation, and mucosal 

integrity within the gastrointestinal tract. Age-related dysbiosis, impaired barrier function, and 

persistent inflammaging disrupt redox homeostasis and mitochondrial function, that lead to 

microbial imbalance followed by intestinal impairment [47]. Consequently, hydrogen-based 

interventions such as hydrogen-rich water (HRW), hydrogen-saline, or inhalation have been shown 

potential to selectively neutralize ROS, modulate pro-inflammatory signaling, and protect epithelial 

cells from oxidative damage [54]. In addition, early evidence obtained from both experimental and 

clinical studies indicate that molecular hydrogen can upregulate endogenous antioxidant defenses 

through activation of the Nrf2 pathway, enhancing expression of cytoprotective enzymes such as 

heme oxygenase-1 (HO-1) and superoxide dismutase (SOD), that protect intestinal tissues from 

oxidative injury [47]. In the same time, hydrogen have been shown to downregulate pro-

inflammatory pathways, including NF-κB signalling and induce reduced production of 

proinflammatory mediators, such as TNF-α and IL-6, that were reported to be elevated in aging and 

chronic GI disorders [18]. In addition, human studies suggest that HRW may also reduce apoptosis 

in immune cells and have modulatory role on the inflammatory gene networks especially in adults 

over 30 years of age, what may indicate benefits of molecular hydrogen in mitigating age-related 

immune dysregulation [18]. 

Furthermore, interventions with molecular hydrogen demonstrate potential to confer direct gut-

specific benefits. HRW have been shown beneficial properties on intestinal tissues that may help in 

strengthening tight junction proteins, maintaining epithelial integrity, that all together improve 

permeability and protect the intestinal tissues against inflammation and barrier dysfunction [47]. 

These effects were attributed to favorable shifts within the gut microbiota composition, including 

increased abundance of Bifidobacterium, enhanced microbial diversity, and upregulation of 

butyrate-producing taxa, all of which reinforce gut and systemic health [47]. Notably, studies in older 

adults indicate that six months long intervention including daily intake of HRW can increase 

telomere length and influence DNA methylation patterns, suggesting molecular anti-aging effects 

[47]. 

Furthermore, small human trial conducted in adults with inflammatory bowel disease or 

functional gastrointestinal disorders indicated that intervention with HRW (1–2 L/day, 0.5–1.6 ppm 

H₂) has potential to improve disease activity indices, reduce CRP and oxidative stress markers, as 

well as enhance the stool frequency, abdominal comfort, and quality of life [42]. Similarly, inhaling 

hydrogen (1–4% H₂ in oxygen or air) for 30–60 minutes, 1–2 times daily has been shown to improve 

gastrointestinal symptoms and ameliorate ileus, as well as improve bowel motility, and reduce 

oxidative and inflammatory gut markers in critically ill or perioperative patients [55].  

Although the results of these studies may suggest hydrogen-based therapies as an adjunctive, 

redox-modulating therapy that may improve homeostasis of gastrointestinal mucosa, support barrier 

integrity, and mitigate low-grade inflammation, the robust clinical evidence retrieved from older 

adults being older than ≥60–65-year-old with gastrointestinal endpoints is lacking. The existing trials 
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include either wide range of age groups or focus on non-GI outcomes, thus the meaning clinical use 

in geriatrics is currently extrapolative and experimental. 

In summary, hydrogen-based interventions represent a complementary, gut-centered strategy 

capable of restoring redox homeostasis, modulating inflammation, and protecting mucosal integrity 

in older adults. When integrated with dietary and microbiota-targeted strategies, molecular 

hydrogen offers a multi-modal approach to maintaining gastrointestinal health and promoting 

healthy ageing. Despite mechanistic promise and early clinical evidence, implementation in geriatric 

practice remains limited, highlighting the need for larger, well-controlled trials to define optimal 

dosing, duration, and long-term benefits. 

4.2. Ozone-Based Therapies in GI and Infection Control 

Ozone therapy has emerged as a promising gut-centered, non-nutritional intervention for 

ageing populations, particularly in the context of dysbiosis, impaired mucosal immunity, and 

compromised gut barrier integrity, which increase susceptibility to infections and systemic 

inflammation [47]. Ozonated water administered via gaseous insufflation or rectal/colonic 

application, ozone demonstrated antimicrobial, immunomodulatory, and tissue-regenerative 

properties, while enhancing oxygenation and redox balance in intestinal tissues. Preclinical studies 

demonstrate that ozone can reduce microbial pathogenicity, stimulate epithelial repair, and modulate 

inflammatory signaling, thereby mitigating inflammaging and supporting mucosal immune 

competence. These mechanisms position ozone as a logical adjunct to dietary and microbiota-

targeted therapies, offering a multi-modal strategy to improve gastrointestinal resilience and 

systemic homeostasis in older adults. 

Ozone therapy also exerts systemic benefits relevant to geriatric care, particularly through effects 

on the vascular system. By enhancing red blood cell glycolysis and improving oxygen delivery to 

hypoxic tissues, ozone improves microcirculation, vascular elasticity, and tissue oxygenation, 

supporting the renal–cardiovascular axis and reducing thrombosis risk [56]. 

Activation of antioxidant pathways, including Nrf2-mediated upregulation of superoxide 

dismutase, catalase, and glutathione peroxidase, improves mitochondrial function, endothelial 

health, and redox homeostasis [57]. 

Ozone additionally promotes vasculogenic and angiogenesis via hypoxia-inducible factor-1α 

(HIF-1α) signaling, contributing to tissue repair and neurovascular support [42]. These properties 

have potential relevance for cognitive function and rehabilitation in older adults experiencing age-

related vascular and metabolic decline. 

Clinical evidence underscores ozone’s utility in wound and ulcer management, particularly in 

ischemic or refractory lesions. In systemic sclerosis, adjunctive oxygen–ozone therapy significantly 

increased digital ulcer healing rates (92% vs. 42%; p = 0.01) and improved disability scores compared 

with standard care alone [58]. Ozonated oil formulations reduced chronic venous ulcer surface area 

by up to 73% over 30 days, with 25% achieving complete healing, highlighting combined 

antimicrobial and pro-repair effects [59]. In diabetic foot ulcers (DFUs), ozone therapy effectively 

reduced bacterial colony counts, emphasizing its role in infection control even when structural 

healing outcomes were not significantly altered [60]. Adjunctive topical hyaluronic acid further 

supports tissue hydration and extracellular matrix integrity, enhancing healing rates in chronic ulcers 

[61]. These findings suggest broader applicability of ozone in geriatric care, offering low-risk, non-

pharmacological interventions for tissue repair and functional recovery. 

Ozone also addresses the critical challenge of infection control in geriatric chronic wounds, 

particularly given the high prevalence of multidrug-resistant organisms (MDROs) such as MRSA, 

MDR Acinetobacter, and ESBL-producing Enterobacteriaceae [6,62,63]. Chronic wounds in elderly 

populations often harbor polymicrobial biofilms that resist conventional antibiotics [39,64,65]. Ozone 

exhibits broad-spectrum antimicrobial properties, that combined with its tissue-regenerative effects, 

provide a dual benefit including reducing pathogen load while promoting epithelial and vascular 

repair. 
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Experimental studies also suggest a potential influence of ozone on the gut–brain axis. Low-dose 

ozone exposure in animal models reduced amyloid-beta accumulation and improved cognitive 

performance, consistent with a response in which mild oxidative stress activates protective cellular 

pathways [4]. Although these findings are limited to preclinical studies and have no direct clinical 

application, they indicate that ozone’s redox-modulating effects may extend beyond local 

gastrointestinal action, with systemic implications for aging tissues. 

Collectively, these data indicate that ozone-based therapies offer multifaceted benefits in older 

adults: enhancing mucosal barrier function, controlling infection, promoting tissue regeneration, 

improving vascular and microcirculatory function, and potentially supporting neuromuscular and 

cognitive outcomes. Despite promising early evidence, implementation in routine geriatric practice 

remains limited, highlighting the need for further clinical trials to establish standardized protocols, 

dosing, and long-term safety in aging populations. 

5. Economic and Accessibility Considerations of Hydrogen- and Ozone-Based 

Interventions in Geriatric Gastrointestinal Care 

Beyond clinical rationale, the practical adoption of hydrogenated and ozonated water therapies 

in older adults depends on economic accessibility, technological scalability, and consumer behavior. 

These factors are particularly relevant in geriatric care, where affordability and feasibility strongly 

influence the implementation of non-pharmacological interventions for gastrointestinal health. 

Hydrogenated water is produced by dissolving molecular hydrogen (H₂) into water via 

electrolysis or specialized cartridges. This process requires advanced equipment and energy input, 

resulting in higher retail prices that may limit widespread use in geriatric populations [66].  

In contrast, ozonated water is generated by dissolving ozone gas (O₃) into water using relatively 

simple and inexpensive ozone generators. These devices are widely available and already employed 

in hospitals, food processing, and municipal water systems [67]offering a more cost-efficient solution 

for routine application. Furthermore, ozonated water demonstrated a well-established role as a 

disinfectant and antimicrobial agent, efficiently eliminating bacteria, viruses, and other contaminants 

without chemical residues, supporting its cost-effective use in healthcare and institutional settings 

[68]. For gut-centered applications in older adults, this suggests that ozone may provide immediate, 

economically defensible benefits through infection control and mucosal protection, while hydrogen’s 

value is more speculative and likely justified only in niche, high-end wellness contexts. 

Beyond gastrointestinal health, research has explored potential relevance to age-related 

oxidative stress and inflammation, which contribute to neurodegeneration and mucosal vulnerability 

[69]. Molecular hydrogen may offer neuroprotective and anti-inflammatory effects, but evidence is 

limited to small-scale human studies and animal models [70]. Ozonated water, although primarily 

used for microbial control, may indirectly support systemic health and gut function in older adults 

by reducing microbial load and improving tissue oxygenation [71]. However, neither intervention is 

currently validated for direct treatment of cognitive decline or dementia, and further research is 

required to clarify clinical utility. 

Comparing these modalities illustrates a clear trade-off between innovation appeal and practical 

scalability. Hydrogenated water, with higher production costs and luxury positioning, targets 

consumers willing to pay a premium for potential health benefits. Ozonated water, by contrast, 

represents an accessible, affordable technology with demonstrated utility for infection control and 

mucosal protection. Its economic advantage is particularly relevant in institutional and clinical 

settings where broad adoption is required. The choice between these interventions therefore depends 

on context, as hydrogen may suit individualized wellness programs, while ozone offers measurable 

cost-effectiveness for larger-scale geriatric care focused on gut health. 

Hydrogenated and ozonated water therapies exemplify the intersection of scientific promise, 

economic feasibility, and consumer behavior. In the context of geriatric gastrointestinal care, cost, 

accessibility, and scalability are key determinants of real-world implementation. While hydrogenated 

water may serve as a high-value adjunct in personalized wellness strategies, ozonated water provides 
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a more practical, evidence-backed option for infection control, mucosal support, and systemic 

resilience in older adults. These economic considerations are critical when evaluating the integration 

of non-nutritional gut-centered interventions alongside dietary and pharmacological strategies in 

aging populations. 

6. Conclusions 

Aging is accompanied by complex, interrelated changes in gastrointestinal structure, function, 

and immunity, which collectively amplify vulnerability to infection, chronic inflammation, and 

systemic multimorbidity. Declines in gut barrier integrity, microbial diversity, and mucosal immune 

function influenced by multiple medications use, metabolic disorders, and lifestyle factors, that 

position the gastrointestinal tract as both a driver and amplifier of age-related physiological decline. 

These alterations underscore the critical need for gut-centered interventions that go beyond 

conventional dietary strategies to support immune competence, microbial homeostasis, and tissue 

resilience in older adults. 

Evidence from preclinical and early clinical studies highlights the potential of hydrogen- and 

ozone-based therapies as adjunctive, non-nutritional interventions targeting key mechanisms of 

ageing-related gut vulnerability. Molecular hydrogen exerts selective antioxidant and anti-

inflammatory effects, preserves epithelial integrity, and modulates gut microbiota, while ozone 

demonstrates broad antimicrobial, immunoregulatory, and tissue-reparative properties, with 

additional benefits for vascular function and systemic redox balance. Both modalities show promise 

in supporting mucosal health, reducing infection risk, and mitigating oxidative stress, although 

rigorous, age-specific clinical trials remain limited. 

Economic and practical considerations further differentiate these interventions. Hydrogenated water, 

though mechanistically promising, is often positioned as a premium wellness product, whereas 

ozonated water offers a more accessible, scalable, and cost-effective approach for broader geriatric 

care. In both cases, integration into routine practice requires careful evaluation of feasibility, evidence 

strength, and target populations. 

In summary, gut-centered care in aging should encompass a multimodal framework that 

combines dietary and microbiota-targeted strategies with emerging non-nutritional therapies, such 

as molecular hydrogen and medical ozone. These approaches hold potential not only to preserve 

gastrointestinal integrity and immune resilience but also to improve functional outcomes, quality of 

life, and overall health span in older adults. Future research should prioritize well-designed, age-

specific trials to clarify optimal dosing, long-term safety, and clinical efficacy, thereby translating 

mechanistic promise into practical interventions that support healthy ageing. 
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