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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-
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