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The Modulation of Gut Aging by Probiotics; Mechanisms and
Implications for Age-related Diseases
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(Second Clinical Medical College Affiliated to Three Gorges University, Yichang 443000, Hubei, China)

Abstract With the accelerating pace of global aging, senescence and its associated diseases have e-
merged as significant public health challenges. The gut, a crucial organ in the regulation of aging, under-
goes a process characterized by a loss of gut microbiota diversity, impaired intestinal barrier function, and
disrupted immune regulation. These changes subsequently lead to increased oxidative stress and a system-
ic inflammatory state, ultimately accelerating overall organismal aging and the onset and progression of va-
rious diseases. This review systematically summarizes the mechanisms and potential applications of probi-
otics in alleviating gut aging. Research indicates that probiotics can mitigate the intestinal aging process
via multiple pathways, including enhancing intestinal barrier function, modulating immune and antioxi-
dant activity, regulating gut-brain axis communication, and restoring gut microbiota diversity. Further-
more, this article reviews the clinical applications of probiotics in age-related diseases, such as improving
metabolic diseases (e.g. , NAFLD) via the “gut-liver axis” , alleviating digestive disorders through mi-
crobiome restoration, counteracting musculoskeletal decline via the “gut-muscle/bone axis”, delaying

age-related immunosenescence through immune modulation, ameliorating neurodegenerative diseases via
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the “gut-brain axis” , and slowing skin aging through the “gut-skin axis”. Despite the promising potential

demonstrated by existing studies, challenges remain, including strain-specific effects, individual variabil-

ity, and long-term safety concerns. Future research should integrate multi-omics technologies, personal-

ized intervention strategies, and the development of novel formulations to promote the precise application

of probiotics in the field of healthy aging. This review aims to provide a theoretical reference and future

perspectives for mechanistic research and clinical practice concerning probiotic interventions for gut aging

and related diseases.
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Fig.1 The mechanism of probiotics in intestinal aging
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Probiotics delay multi-system aging through gut-centric mechanisms.

Specific probiotics (e. g. , Lactobacillus, Bifidobacterium) counteract aging by: 1) modulating gut microbiota diversity and produ-

cing SCFAs; 2) enhancing the intestinal barrier; 3) regulating immunity and anti-oxidation; and 4) modulating the gut-brain axis.

These integrated actions create a healthy gut microenvironment, which inhibits local and systemic inflammatory aging, ultimately de-

laying decline in organs such as the brain and metabolism
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Table 1 The role of probiotics in age-related diseases

Disease category Probiotic strain(s) Mechanism References

Metabolic  diseases Lactobacillus  rhamnosus GG, Inhibits the IKK-B/NF-kB pathway to reduce hepatic TNF- (537, [ 59-

(e.g., NAFLD)

Digestive
system diseases

Motor system disea-
ses ( Sarcopenia/

Osteoporosis )

Immune system dis-
eases ( Immunose-
nescence )

Nervous system dis-
eases (e.g., AD,
PD)

Skin aging

Bifidobacterium longum, VSL#3
('multi-strain)

Akkermansia muciniphila

Akkermansia muciniphila

VSL#3 ( Multi-strain)

Lactobacillus ~ casei  1LC122,
Bifidobacterium longum BL986

Anaerostipes caccae CML199

Bifidobacterium longum

Limosilactobacillus

reutert KBL346

Lactobacillus casei CRLA431

Bifidobacterium longum NK46

Bifidobacterium breve
CCFM1067, Clostridium butyri-

cum

Engineered  Lactococcus  lactis

MG1363-pMG36e-GLP-1

Bifidobacterium breve B-3

Laciobacillus plantarum HY7714

o and IL-6 levels; enhances intestinal barrier function by
upregulating mucin and tight junction protein expression.

Improves mucin layer thickness and regulates bile acid me-
tabolism, thereby reducing liver steatosis and inflamma-
tion.

Enhances the thickness of the intestinal mucin layer,

strengthening the gut barrier and improving its function.

Modulates bile acid metabolism, significantly increasing
levels of secondary bile acids to promote gut health.

Increases SCFA production to inhibit expression of muscle
atrophy genes ( Atrogin-1, MuRF1) and reduce inflamma-
tory cytokines (TNF-a, 1L-6).

Produces butyrate to promote bone formation and inhibit
bone resorption, alleviating age-related bone loss.

Protects the intestinal barrier, inhibits systemic inflamma-
tion, and stabilizes gut microbiota to accelerate fracture
healing.

Activates the TLR-MAPK/NF-kB signaling pathway in
macrophages to enhance phagocytosis and promote secre-
tion of NO, PGE2, and cytokines ( TNF-a, IL-6, IL-
1B).

Modulates gut microbiota (e. g. , increases Lactobacillus) ,
reduces pro-inflammatory cytokines (IL-6, TNF-a ), and
increases anti-inflammatory IL-10 to restore thymic function
and T-cell populations.

Reduces LPS production from gut microbiota, inhibits NF-
kB activation, and increases tight junction protein expres-
sion to alleviate neuroinflammation and cognitive decline.

Increases SCFA (acetate, butyrate) levels, inhibits micro-
glial activation, and restores dopaminergic neuron function
in a PD model.

Secretes GLP-1 to activate the Keapl/Nrf2/GPX4 path-
way, inhibiting ferroptosis and astrocyte senescence.

Inhibits UVB-induced skin water loss (TEWL) , epidermal
thickening, and production of the inflammatory cytokine

IL-1B.

Its exopolysaccharide ( EPS) regulates intestinal tight
junction proteins ( ZO-1, Occludin-1), indirectly inhibi-
ting skin MMP activity and promoting hyaluronic acid syn-
thesis for improved skin hydration and anti-photoaging.
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