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Quality assessment

The quality of included studies was evaluated using appropriate 
tools such as the Cochrane Risk of Bias tool for randomized controlled 
trials (RCTs) and the Newcastle-Ottawa Scale for observational studies. 
Studies were assessed for bias in selection, performance, detection, 
attrition, reporting, and other sources of bias where applicable.

Data synthesis and analysis

A narrative synthesis approach was employed due to the 
heterogeneity in study designs and outcomes. Results were categorized 
according to the type of probiotic or prebiotic used, microbiome 
alterations observed, and associated health outcomes. Meta-analysis 
was considered where appropriate to quantify effects on microbiome 
parameters.

Results
Impact of probiotics on the human microbiome

Numerous studies have demonstrated that probiotics can influence 
the composition and diversity of the human microbiome. Specifically, 
interventions with Lactobacillus and Bifidobacterium species have 
shown to increase the abundance of beneficial bacteria in the gut, 
such as Bifidobacteria and Lactobacilli. These probiotics often lead to 
a reduction in potentially pathogenic microbes, promoting microbial 
balance and resilience. Probiotic supplementation has also been 
associated with improvements in gut barrier function, evidenced by 
increased mucin production and tighter junctions between epithelial 
cells. Moreover, probiotics can modulate immune responses, 
promoting anti-inflammatory cytokine production and enhancing 
immune tolerance.

Effects of prebiotics on microbial ecology

Prebiotics, such as inulin and oligosaccharides, act as substrates 
for beneficial bacteria in the gut, particularly Bifidobacteria and 
Faecalibacterium prausnitzii. Studies have consistently shown that 
prebiotic supplementation leads to an increase in these beneficial 
microbial populations, accompanied by higher production of short-



Citation: Lianliang J (2024) The Impact of Probiotics and Prebiotics on the Human Microbiome: Current Insights and Future Directions. Biochem 
Physiol 13: 468.

 Volume 13 • Issue 3 • 1000468Biochem Physiol, an open access journal

Page 3 of 3

References
1.	 Aravinthan A (2014) The senescent hepatocyte gene signature in chronic liver 

disease. Exp Gerontol 60: 37-45.

2.	 Sebastian C (2009)  Telomere shortening and oxidative stress in aged 
macrophages results in impaired STAT5a phosphorylation. J Immunol 183: 
2356-2364.

3.	 Jun JI, Lau LF (2017) CCN2 induces cellular senescence in fibroblasts. J Cell 
Commun Signal 11: 15-23.

4.	 Rodier F (2009)  Persistent DNA damage signalling triggers senescence-
associated inflammatory cytokine secretion. Nat Cell Biol 11: 973-979.

5.	 Liu D, Xu Y (2011) p53, oxidative stress, and aging. Antioxid Redox Signal 15: 
1669-1678.

6.	 Soto-Gamez A, Demaria M (2017) 

https://www.google.com/search?q=The+senescent+hepatocyte+gene+signature+in+chronic+liver+disease&sca_esv=559959589&sxsrf=AB5stBhzV8aSloidv7edhoJYGMjHRGSV3A%3A1692946087411&ei=p07oZI_eGPHd1e8Pgs25oAk&ved=0ahUKEwjPzafRm_eAAxXxbvUHHYJmDpQQ4dUDCA8&uact=5&oq=The+senescent+hepatocyte+gene+signature+in+chronic+liver+disease&gs_lp=Egxnd3Mtd2l6LXNlcnAiQFRoZSBzZW5lc2NlbnQgaGVwYXRvY3l0ZSBnZW5lIHNpZ25hdHVyZSBpbiBjaHJvbmljIGxpdmVyIGRpc2Vhc2VI4wZQAFgAcAB4AJABAJgB_gOgAf4DqgEDNS0xuAEDyAEA-AEC-AEB4gMEGAAgQYgGAQ&sclient=gws-FILENAME
https://www.google.com/search?q=The+senescent+hepatocyte+gene+signature+in+chronic+liver+disease&sca_esv=559959589&sxsrf=AB5stBhzV8aSloidv7edhoJYGMjHRGSV3A%3A1692946087411&ei=p07oZI_eGPHd1e8Pgs25oAk&ved=0ahUKEwjPzafRm_eAAxXxbvUHHYJmDpQQ4dUDCA8&uact=5&oq=The+senescent+hepatocyte+gene+signature+in+chronic+liver+disease&gs_lp=Egxnd3Mtd2l6LXNlcnAiQFRoZSBzZW5lc2NlbnQgaGVwYXRvY3l0ZSBnZW5lIHNpZ25hdHVyZSBpbiBjaHJvbmljIGxpdmVyIGRpc2Vhc2VI4wZQAFgAcAB4AJABAJgB_gOgAf4DqgEDNS0xuAEDyAEA-AEC-AEB4gMEGAAgQYgGAQ&sclient=gws-FILENAME
https://www.google.com/search?q=Telomere+shortening+and+oxidative+stress+in+aged+macrophages+results+in+impaired+STAT5a+phosphorylation&sca_esv=559959589&sxsrf=AB5stBijb9DHPQVo156UOyh0bz3WUbVr_w%3A1692946207276&ei=H0_oZIeyEPSs4-EPif-z-A8&ved=0ahUKEwjHvbuKnPeAAxV01jgGHYn_DP8Q4dUDCA8&uact=5&oq=Telomere+shortening+and+oxidative+stress+in+aged+macrophages+results+in+impaired+STAT5a+phosphorylation&gs_lp=Egxnd3Mtd2l6LXNlcnAiZ1RlbG9tZXJlIHNob3J0ZW5pbmcgYW5kIG94aWRhdGl2ZSBzdHJlc3MgaW4gYWdlZCBtYWNyb3BoYWdlcyByZXN1bFILENAME
https://www.google.com/search?q=Telomere+shortening+and+oxidative+stress+in+aged+macrophages+results+in+impaired+STAT5a+phosphorylation&sca_esv=559959589&sxsrf=AB5stBijb9DHPQVo156UOyh0bz3WUbVr_w%3A1692946207276&ei=H0_oZIeyEPSs4-EPif-z-A8&ved=0ahUKEwjHvbuKnPeAAxV01jgGHYn_DP8Q4dUDCA8&uact=5&oq=Telomere+shortening+and+oxidative+stress+in+aged+macrophages+results+in+impaired+STAT5a+phosphorylation&gs_lp=Egxnd3Mtd2l6LXNlcnAiZ1RlbG9tZXJlIHNob3J0ZW5pbmcgYW5kIG94aWRhdGl2ZSBzdHJlc3MgaW4gYWdlZCBtYWNyb3BoYWdlcyByZXN1bFILENAME
https://www.google.com/search?q=CCN2+induces+cellular+senescence+in+fibroblasts&sca_esv=559959589&sxsrf=AB5stBgneV8dFyRrXVcR6N4tyt6HwQVXxA%3A1692948871145&ei=h1noZKS9CN_D4-EPiL-_8A8&ved=0ahUKEwjknNmApveAAxXf4TgGHYjfD_4Q4dUDCA8&uact=5&oq=CCN2+induces+cellular+senescence+in+fibroblasts&gs_lp=Egxnd3Mtd2l6LXNlcnAiL0NDTjIgaW5kdWNlcyBjZWxsdWxhciBzZW5lc2NlbmNlIGluIGZpYnJvYmxhc3RzMgUQIRigATIFECEYoAFIvAZQAFgAcAB4AJABAJgBggKgAYICqgEDMi0xuAEDyAEA-AEC-AEB4gMEGAAgQYgGAQ&sclient=gws-wiz-serp
https://www.google.com/search?q=Persistent+DNA+damage+signalling+triggers+senescence-associated+inflammatory+cytokine+secretion&sca_esv=559959589&sxsrf=AB5stBiaicbvirXQcUJbixnDxn8G512ACA%3A1692948979724&ei=81noZKfpK9W74-EPjI20-A8&ved=0ahUKEwjnrry0pveAAxXV3TgGHYwGDf8Q4dUDCA8&uact=5&oq=Persistent+DNA+damage+signalling+triggers+senescence-associated+inflammatory+cytokine+secretion&gs_lp=Egxnd3Mtd2l6LXNlcnAiX1BlcnNpc3RlbnQgRE5BIGRhbWFnZSBzaWduYWxsaW5nIHRyaWdnZXJzIHNlbmVzY2VuY2UtYXNzb2NpYXRlZCBpbmZsYW1tYXRvcnkgYFILENAME
https://www.google.com/search?q=Persistent+DNA+damage+signalling+triggers+senescence-associated+inflammatory+cytokine+secretion&sca_esv=559959589&sxsrf=AB5stBiaicbvirXQcUJbixnDxn8G512ACA%3A1692948979724&ei=81noZKfpK9W74-EPjI20-A8&ved=0ahUKEwjnrry0pveAAxXV3TgGHYwGDf8Q4dUDCA8&uact=5&oq=Persistent+DNA+damage+signalling+triggers+senescence-associated+inflammatory+cytokine+secretion&gs_lp=Egxnd3Mtd2l6LXNlcnAiX1BlcnNpc3RlbnQgRE5BIGRhbWFnZSBzaWduYWxsaW5nIHRyaWdnZXJzIHNlbmVzY2VuY2UtYXNzb2NpYXRlZCBpbmZsYW1tYXRvcnkgYFILENAME
https://www.google.com/search?q=p53%2C+oxidative+stress%2C+and+aging&sca_esv=559959589&sxsrf=AB5stBi2g0Ce20gXhVMnax7fvGdI_SvhPA%3A1692949050610&ei=OlroZN_eJKL04-EPrI-O6A8&ved=0ahUKEwjf46LWpveAAxUi-jgGHayHA_0Q4dUDCA8&uact=5&oq=p53%2C+oxidative+stress%2C+and+aging&gs_lp=Egxnd3Mtd2l6LXNlcnAiIHA1Mywgb3hpZGF0aXZlIHN0cmVzcywgYW5kIGFnaW5nMgYQABgWGB4yCBAAGIoFGIYDMggQABiKBRiGAzIIEAAYigUYhgNI6AZQAFgAcAB4AJABAJgBugGgAboBqgEDMC4xuAEDyAEA-AEC-AEB4gMEGAAgQYgGAQ&sclient=gws-wiz-serp
https://www.google.com/search?q=Therapeutic+interventions+for+aging%3A+the+case+of+cellular+senescence&sca_esv=559959589&sxsrf=AB5stBhphVlQHVqIiAO95dLgp3a1sREy1w%3A1692949128737&ei=iFroZPW_LJX24-EPwdSK-A8&ved=0ahUKEwj1o8P7pveAAxUV-zgGHUGqAv8Q4dUDCA8&uact=5&oq=Therapeutic+interventions+for+aging%3A+the+case+of+cellular+senescence&gs_lp=Egxnd3Mtd2l6LXNlcnAiRFRoZXJhcGV1dGljIGludGVydmVudGlvbnMgZm9yIGFnaW5nOiB0aGUgY2FzZSBvZiBjZWxsdWxhciBzZW5lc2NlbmNlSLIHUABYAHAAeACQAQCYAacBoAGnAaoBAzAuMbgBA8gBAPgBAvgBAeIDBBgAIEGFILENAME
https://www.google.com/search?q=Therapeutic+interventions+for+aging%3A+the+case+of+cellular+senescence&sca_esv=559959589&sxsrf=AB5stBhphVlQHVqIiAO95dLgp3a1sREy1w%3A1692949128737&ei=iFroZPW_LJX24-EPwdSK-A8&ved=0ahUKEwj1o8P7pveAAxUV-zgGHUGqAv8Q4dUDCA8&uact=5&oq=Therapeutic+interventions+for+aging%3A+the+case+of+cellular+senescence&gs_lp=Egxnd3Mtd2l6LXNlcnAiRFRoZXJhcGV1dGljIGludGVydmVudGlvbnMgZm9yIGFnaW5nOiB0aGUgY2FzZSBvZiBjZWxsdWxhciBzZW5lc2NlbmNlSLIHUABYAHAAeACQAQCYAacBoAGnAaoBAzAuMbgBA8gBAPgBAvgBAeIDBBgAIEGFILENAME
https://www.google.com/search?q=The+Clinical+Potential+of+Senolytic+Drugs&sca_esv=559959589&sxsrf=AB5stBhUf0WGIVnFp2EwoM-QUbbBEqIDiQ%3A1692949251652&ei=A1voZKC6J4mF4-EPvY63-A8&ved=0ahUKEwjgx5G2p_eAAxWJwjgGHT3HDf8Q4dUDCA8&uact=5&oq=The+Clinical+Potential+of+Senolytic+Drugs&gs_lp=Egxnd3Mtd2l6LXNlcnAiKVRoZSBDbGluaWNhbCBQb3RlbnRpYWwgb2YgU2Vub2x5dGljIERydWdzMgYQABgWGB4yCBAAGIoFGIYDMggQABiKBRiGAzIIEAAYigUYhgNI4wVQAFgAcAB4AJABAJgBtAGgAbQBqgEDMC4xuAEDyAEA-AEC-AEB4gMEGAAgQYgGAQ&sclient=gws-wiz-serp
https://www.google.com/search?q=Roles+of+Apoptosis+and+Cellular+Senescence+in+Cancer+and+Aging&sca_esv=559959589&sxsrf=AB5stBirvafjoV_h7D7Lone-rfcsCU3onA%3A1692942626849&ei=IkHoZLSPM6q64-EPkNmj-A8&ved=0ahUKEwi0qJffjveAAxUq3TgGHZDsCP8Q4dUDCA8&uact=5&oq=Roles+of+Apoptosis+and+Cellular+Senescence+in+Cancer+and+Aging&gs_lp=Egxnd3Mtd2l6LXNlcnAiPlJvbGVzIG9mIEFwb3B0b3NpcyBhbmQgQ2VsbHVsYXIgU2VuZXNjZW5jZSBpbiBDYW5jZXIgYW5kIEFnaW5nSJk6UKYGWKYGcAF4AJABAJgBeKABeKoBAzAuMbgBA8gBAPgBAfgBAqgCFMICBxAjGOoCGCfCAgcQLhjqAhgnwgIFILENAME
https://www.google.com/search?q=Roles+of+Apoptosis+and+Cellular+Senescence+in+Cancer+and+Aging&sca_esv=559959589&sxsrf=AB5stBirvafjoV_h7D7Lone-rfcsCU3onA%3A1692942626849&ei=IkHoZLSPM6q64-EPkNmj-A8&ved=0ahUKEwi0qJffjveAAxUq3TgGHZDsCP8Q4dUDCA8&uact=5&oq=Roles+of+Apoptosis+and+Cellular+Senescence+in+Cancer+and+Aging&gs_lp=Egxnd3Mtd2l6LXNlcnAiPlJvbGVzIG9mIEFwb3B0b3NpcyBhbmQgQ2VsbHVsYXIgU2VuZXNjZW5jZSBpbiBDYW5jZXIgYW5kIEFnaW5nSJk6UKYGWKYGcAF4AJABAJgBeKABeKoBAzAuMbgBA8gBAPgBAfgBAqgCFMICBxAjGOoCGCfCAgcQLhjqAhgnwgIFILENAME
https://www.google.com/search?q=A+Comprehensive+Overview+of+the+Complex+Role+of+Oxidative+Stress+in+Aging%2C+The+Contributing+Environmental+Stressors+and+Emerging+Antioxidant+Therapeutic+Interventions&sca_esv=559959589&sxsrf=AB5stBhSnYwmWtTPWO7lsszcr5CQoWUcHA%3A1692943024037&ei=sELoZJnwAeaP4-EP25eh8A8&ved=0ahUKEwiZiMqckPeAAxXmxzgGHdtLCP4Q4dUDCA8&uact=5&oq=A+Comprehensive+Overview+of+the+Complex+Role+of+Oxidative+Stress+in+Aging%2C+The+Contributing+Environmental+Stressors+and+Emerging+Antioxidant+TherapeuticFILENAME
https://www.google.com/search?q=A+Comprehensive+Overview+of+the+Complex+Role+of+Oxidative+Stress+in+Aging%2C+The+Contributing+Environmental+Stressors+and+Emerging+Antioxidant+Therapeutic+Interventions&sca_esv=559959589&sxsrf=AB5stBhSnYwmWtTPWO7lsszcr5CQoWUcHA%3A1692943024037&ei=sELoZJnwAeaP4-EP25eh8A8&ved=0ahUKEwiZiMqckPeAAxXmxzgGHdtLCP4Q4dUDCA8&uact=5&oq=A+Comprehensive+Overview+of+the+Complex+Role+of+Oxidative+Stress+in+Aging%2C+The+Contributing+Environmental+Stressors+and+Emerging+Antioxidant+TherapeuticFILENAME
https://www.google.com/search?q=A+Comprehensive+Overview+of+the+Complex+Role+of+Oxidative+Stress+in+Aging%2C+The+Contributing+Environmental+Stressors+and+Emerging+Antioxidant+Therapeutic+Interventions&sca_esv=559959589&sxsrf=AB5stBhSnYwmWtTPWO7lsszcr5CQoWUcHA%3A1692943024037&ei=sELoZJnwAeaP4-EP25eh8A8&ved=0ahUKEwiZiMqckPeAAxXmxzgGHdtLCP4Q4dUDCA8&uact=5&oq=A+Comprehensive+Overview+of+the+Complex+Role+of+Oxidative+Stress+in+Aging%2C+The+Contributing+Environmental+Stressors+and+Emerging+Antioxidant+TherapeuticFILENAME
https://www.google.com/search?q=Involvement+of+reactive+oxygen+species+in+a+feed-forward+mechanism+of+Na%2FK-ATPase-mediated+signaling+transduction&sca_esv=559959589&sxsrf=AB5stBiGQBEVfW3CbS7yWHdzgBzpDyiLUg%3A1692943622472&ei=BkXoZLO8HO6K4-EP-qaN8A8&ved=0ahUKEwiz1_e5kveAAxVuxTgGHXpTA_4Q4dUDCA8&uact=5&oq=Involvement+of+reactive+oxygen+species+in+a+feed-forward+mechanism+of+Na%2FK-ATPase-mediated+signaling+transduction&gs_lp=Egxnd3Mtd2l6LXNlcnAicUludm9sdmVtZW50IG9mIHJlYWN0aXZlIG94eWdlbiBzcGVjaWVzIGluIGEgZmVlZFILENAME
https://www.google.com/search?q=Involvement+of+reactive+oxygen+species+in+a+feed-forward+mechanism+of+Na%2FK-ATPase-mediated+signaling+transduction&sca_esv=559959589&sxsrf=AB5stBiGQBEVfW3CbS7yWHdzgBzpDyiLUg%3A1692943622472&ei=BkXoZLO8HO6K4-EP-qaN8A8&ved=0ahUKEwiz1_e5kveAAxVuxTgGHXpTA_4Q4dUDCA8&uact=5&oq=Involvement+of+reactive+oxygen+species+in+a+feed-forward+mechanism+of+Na%2FK-ATPase-mediated+signaling+transduction&gs_lp=Egxnd3Mtd2l6LXNlcnAicUludm9sdmVtZW50IG9mIHJlYWN0aXZlIG94eWdlbiBzcGVjaWVzIGluIGEgZmVlZFILENAME

	Corresponding author
	Abstract 

