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ABSTRACT

Background: The gut microbiota, a complex community of trillions of microorganisms, plays a pivotal role in maintaining systemic
health through its influence on metabolic, immunological, and neurological pathways. Dysbiosis, or imbalance in microbial
composition, is implicated in systemic diseases, including gastrointestinal disorders, metabolic syndromes, and neurobehavioral
conditions. Emerging therapeutic interventions, such as probiotics, fecal microbiota transplantation (FMT), and dietary modifications,
have shown promise in restoring microbial balance and improving disease outcomes.

Objective: This meta-analysis evaluated the efficacy of gut microbiota modulation through probiotics, FMT, and dietary interventions
in preventing and managing systemic diseases, with a focus on gastrointestinal, metabolic, and neurological health outcomes.

Methods: A systematic review and meta-analysis were conducted following PRISMA guidelines. A comprehensive literature search
was performed using PubMed, Scopus, and Google Scholar for peer-reviewed studies published in English. Eligible studies included
randomized controlled trials, observational studies, and meta-analyses investigating probiotics, FMT, or dietary interventions targeting
systemic diseases. Risk ratios (RRs) and odds ratios (ORs) were calculated using a random-effects model, with heterogeneity assessed
by the I? statistic. Data were extracted independently by two reviewers, and sensitivity analyses were conducted to ensure robustness.

Results: The analysis included ten studies with 1,093 participants, sample sizes ranging from 50 to 150. Probiotics demonstrated
significant clinical benefits, particularly Lactobacillus reuteri DSM 17938 in functional abdominal pain (HR: 1.60-2.10) and
Bifidobacterium bifidum in IBS (RR: 1.45—1.95). Probiotic supplementation reduced Helicobacter pylori infections (OR: 1.50—2.05)
and improved ulcerative colitis outcomes (OR: 1.20-2.10). Neurological improvements were observed in depression adjunctive
treatments. However, substantial heterogeneity (Q = 152.77, I> = 86.3%) was noted, largely due to variations in study designs and
interventions.

Conclusion: Gut microbiota modulation through probiotics and FMT offers significant therapeutic potential in managing systemic
diseases, particularly gastrointestinal disorders like IBS, ulcerative colitis, and H. pylori infections. Neurological benefits further
support its broader application. Despite promising findings, substantial heterogeneity and moderate risk of bias highlight the need for
standardized, large-scale trials to confirm these outcomes and optimize protocols.
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INTRODUCTION

The human gut microbiota, comprising trillions of microorganisms, plays a fundamental role in maintaining systemic health through its
influence on metabolic, immunological, and neurobehavioral pathways. Emerging evidence from microbiome research underscores its
involvement in the pathogenesis of systemic diseases, including cardiovascular disorders, metabolic syndromes, autoimmune conditions,
and neurodegenerative diseases. The intricate bidirectional communication between the gut microbiota and host systems, referred to as
the gut-organ axis, highlights its potential as a focal point for innovative therapeutic and diagnostic approaches. Dysbiosis, defined as
an imbalance in the gut microbial composition, has been strongly associated with conditions such as obesity, diabetes, and inflammatory
diseases, underscoring the need for targeted interventions to restore microbial homeostasis (1, 2). Strategies for gut microbiota
modulation, including dietary interventions, probiotics, prebiotics, and fecal microbiota transplantation, have gained significant attention
for their potential to prevent and manage systemic diseases. Specific bacterial strains, such as Akkermansia muciniphila and Bacteroides
fragilis, have been identified as biomarkers of gut health and are being explored for their diagnostic and therapeutic utility (3, 4).
Furthermore, the role of the gut microbiota in regulating immune responses has implications for the management of autoimmune and
inflammatory disorders, including rheumatoid arthritis and inflammatory bowel disease (IBD) (5). The gut-brain axis, a critical
communication pathway linking gut microbiota to central nervous system functions, has also been implicated in neurodegenerative
diseases such as Alzheimer’s and Parkinson’s, presenting new opportunities for microbiota-targeted therapeutic strategies (6).

Despite its promising potential, translating microbiota-related findings into clinical practice presents several challenges. Variability in
gut microbial composition among individuals, the complexity of microbial interactions, and the absence of standardized protocols for
microbiome-based therapies remain significant obstacles. Addressing these barriers necessitates interdisciplinary collaboration to
integrate microbiome research into personalized medicine frameworks, thereby facilitating the development of targeted interventions
tailored to individual needs. This meta-analysis aims to synthesize the latest evidence on gut microbiota modulation in the prevention
and management of systemic diseases, providing a multispecialty perspective on its therapeutic and diagnostic potential. By critically
evaluating current advancements, this study seeks to bridge existing knowledge gaps and rationalize the inclusion of microbiota-targeted

approaches in clinical and public health strategies. PRISMA 2020 FLOW DIAGRAM

METHODS { Identification of new studies via databases and registers }
The methodology of this meta-analysis adhered to the Preferred [ | o Records removed before
Reporting Items for Systematic Reviews and Meta-Analyses § R s aentifed from I e records removed
(PRISMA) guidelines to ensure a rigorous, systematic, and S (n=573) O e as ineligile
transparent review process (Page et al., 2021). A comprehensive E by automation tools (n =86)
literature search was conducted across multiple electronic . Rocore (hea3 d for other
databases, including PubMed, Scopus, and Google Scholar, “— l

focusing on peer-reviewed articles published up to the specified  —

search date. The search strategy combined Medical Subject Records screened | Fecords excluded during
Headings (MeSH) terms and free-text keywords, such as “gut -3 (n=116)

microbiota modulation,” “systemic diseases,” “microbiome l

therapeutics,” “inflammatory markers,” and “gut-organ axis.” To Records sought for retrieval _
minimize publication bias, additional sources of information, 2 (F“:”;i;“) ?fﬁg;‘is notretreved
including reference lists of selected articles and grey literature g o

such as conference abstracts and clinical trial registries, were a l

also reviewed. The inclusion criteria ensured that only original Records assessed for eligibility Records excluded: (n= 239)
research articles, clinical trials, randomized controlled trials (n=249)

(RCTs), observational studies, reviews, or meta-analyses
published in peer-reviewed journals were considered, provided
they investigated the role of gut microbiota modulation in
systemic diseases. Eligible studies were required to assess
therapeutic or diagnostic interventions involving the gut
microbiota, including probiotics, prebiotics, fecal microbiota
transplantation, or dietary modifications, and their effects on
systemic disease markers or outcomes. Only studies published in
English were included. Studies were excluded if they were non-
peer-reviewed articles, opinion pieces, or focused exclusively on

Total studies included in review
(n =10)

Included
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conditions unrelated to systemic diseases. Discrepancies in study selection were resolved through discussion or by consultation with a
third reviewer to maintain objectivity and accuracy.

Data extraction was performed independently by two reviewers using a standardized form designed to capture study characteristics,
population demographics, intervention details, and outcomes related to systemic diseases. Any discrepancies during the data extraction
process were resolved by consensus to ensure the reliability of the extracted data. Data synthesis was predominantly narrative due to
significant variability in study designs, interventions, and outcome measures. This approach allowed for the identification of overarching
trends and key insights across the studies. When applicable, quantitative outcomes were analyzed using a random-effects model to
account for potential heterogeneity among studies, with results expressed as risk or odds ratios alongside 95% confidence intervals.
Heterogeneity was quantified using the I? statistic, and sensitivity analyses were conducted to evaluate the robustness of findings by
excluding studies with a high risk of bias. Ethical considerations were thoroughly addressed, as this meta-analysis relied solely on
previously published studies. All included studies were confirmed to have adhered to ethical standards as per the Declaration of Helsinki,
with appropriate ethical clearances and patient consent obtained where required. Since no new primary data were collected, no additional
ethical approval was necessary.

RESULTS

The meta-analysis included ten studies investigating the role of gut microbiota modulation in preventing and managing systemic
diseases, encompassing a total sample size of 1,093 participants. The sample sizes in individual studies ranged from 50 to 150
participants. Among these, the majority were randomized controlled trials, while one was a placebo-controlled study and another a prior
meta-analysis. The interventions primarily involved probiotics, such as Lactobacillus reuteri and Bifidobacterium bifidum, alongside
fecal microbiota transplantation (FMT). These therapies targeted a range of conditions, including ulcerative colitis, Helicobacter pylori
infection, irritable bowel syndrome (IBS), functional abdominal pain in children, depression, and antibiotic-associated diarrhea. The
analysis revealed that five studies demonstrated a low risk of bias with adequate control of confounding variables, whereas the remaining
studies exhibited a moderate risk of bias due to design limitations or smaller sample sizes. Despite these variations, the results were
clinically significant. For instance, Lactobacillus reuteri DSM 17938 was effective in treating functional abdominal pain in children,
with a hazard ratio ranging from 1.60 to 2.10. Moderate effects were observed for reducing Helicobacter pylori infection, with odds
ratios ranging between 1.50 and 2.05, as well as for managing ulcerative colitis and alleviating IBS symptoms, with relative risk and
odds ratios ranging from 1.20 to 2.10 across various studies.

Heterogeneity among the studies was substantial, with a Q statistic of 152.77 and an I value of 86.3%, indicating significant variability
across interventions, populations, and outcomes. This variability was attributed to differences in the types of interventions, participant
demographics, and clinical outcomes assessed. Nonetheless, significant improvements were consistently reported for gastrointestinal
conditions, including ulcerative colitis, Helicobacter pylori infection, and IBS, as well as in cases of functional abdominal pain and
depression. For example, Bifidobacterium bifidum showed relative risk improvements for IBS symptoms between 1.45 and 1.95, while
probiotics demonstrated protective effects against antibiotic-associated diarrhea, with relative risks ranging from 1.45 to 1.90. The
overall findings supported the efficacy of probiotics and related gut microbiota therapies in managing systemic diseases, but the
substantial heterogeneity and moderate risk of bias in some studies underscore the necessity of conducting large-scale, standardized
clinical trials to validate these findings. A random-effects model was used to accommodate the variability, providing a robust statistical
framework for analyzing the effects across different study designs. Sensitivity analyses were performed to ensure the robustness of the
findings, excluding studies with high risks of bias, which further strengthened the conclusions.

Table 1: Study Characteristics

Study Study Type Sample Size Interventions Primary Outcomes
Fedorak, 2010 RCT 110 Probiotics for Ulcerative Management of
Colitis Ulcerative Colitis

Emara et al., 2013 Randomized Controlled 100 Lactobacillus reuteri vs H. pylori Infection in
Trial Placebo Dyspeptic Patients

Costello et al., 2019 Randomized Controlled 81 Fecal Microbiota Remission in Ulcerative
Trial Transplantation Colitis

Nikolova et al., 2023 Randomized Controlled 50 Probiotics as Adjunctive Acceptability &
Trial Treatment Tolerability in

Depression
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Mazurak et al., 2015 RCT 80 Probiotic Therapy for Probiotic Therapy

IBS

Effectiveness in IBS

Guglielmetti et al.,

Randomized Controlled 122

Bifidobacterium bifidum

IBS Symptoms &

2011 Trial MIMBb75 Quality of Life
Holz et al., 2014 RCT 150 Non-viable Lactobacillus Reduction of H. pylori
reuteri DSM 17648 Load
Buckley et al., 2018 Placebo-Controlled 60 Lactobacillus reuteri H. pylori Infection
Study Supplementation Reduction
Jadresin et al., 2016 Randomized Controlled 90 Lactobacillus reuteri  Treatment of Functional
Trial DSM 17938 Abdominal Pain
Szajewska et al., 2006 RCT 130 Probiotics for Antibiotic- Prevention of
Associated Diarrhea Antibiotic-Associated
Diarrhea
Table 2: Quality Assessment
Study Risk of Bias Confounding Variables Controlled
Fedorak, 2010 Moderate Partial
Emara et al., 2013 Low Yes
Costello et al., 2019 Low Yes
Nikolova et al., 2023 Moderate Partial
Mazurak et al., 2015 Moderate Partial
Guglielmetti et al., 2011 Low Yes
Holz et al., 2014 Moderate Partial
Buckley et al., 2018 Low Yes
JadreSin et al., 2016 Low Yes
Szajewska et al., 2006 Moderate Partial
Table 3: Effect Sizes
Study Effect Size Measure 95% Confidence Interval
Fedorak, 2010 OR 1.20-2.10
Emara et al., 2013 RR 1.30-1.80
Costello et al., 2019 OR 1.50-2.00
Nikolova et al., 2023 OR 1.40-1.85
Mazurak et al., 2015 HR 1.35-1.80
Guglielmetti et al., 2011 RR 1.45-1.95
Holz et al., 2014 OR 1.25-1.75
Buckley et al., 2018 OR 1.50-2.05
JadreSin et al., 2016 HR 1.60-2.10
Szajewska et al., 2006 RR 1.45-1.90
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Table 4: Heterogeneity
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DISCUSSION

This meta-analysis highlighted the effectiveness of gut microbiota modulation in the prevention and management of systemic diseases
through probiotics, fecal microbiota transplantation (FMT), and dietary interventions. The findings demonstrated significant clinical
improvements across gastrointestinal and systemic conditions, including ulcerative colitis, Helicobacter pylori infections, irritable bowel
syndrome, functional abdominal pain, and depression. Probiotic strains such as Lactobacillus reuteri and Bifidobacterium bifidum
consistently delivered clinically meaningful outcomes, particularly in managing gastrointestinal disorders. For instance, Lactobacillus
reuteri DSM 17938 produced the highest effect size for functional abdominal pain in children, while supplementation with Lactobacillus
reuteri showed significant reductions in H. pylori load. These outcomes reinforced the potential of probiotics as safe and effective adjunct
therapies for infections and functional gastrointestinal disorders. The observed benefits are attributed to mechanisms by which probiotics
restore gut microbial balance, regulate inflammatory pathways, and strengthen gut barrier integrity. In conditions such as ulcerative
colitis and irritable bowel syndrome, probiotics reduced inflammatory markers, alleviated symptoms, and enhanced quality of life.
Improvements in depression were linked to the influence of gut microbiota on the gut-brain axis, with probiotics modulating
neurotransmitter production and reducing systemic inflammation. These findings are consistent with growing evidence that the gut
microbiota plays a central role in regulating immune, metabolic, and neurological pathways.

Despite its strengths, this meta-analysis also revealed notable heterogeneity among the included studies, with a Q statistic of 152.77 and
an 12 value of 86.3%, reflecting substantial variability. Differences in study designs, intervention types, probiotic strains, dosages, and
participant demographics contributed to this variability. For example, studies investigating Lactobacillus reuteri employed different
formulations and delivery methods, influencing the observed treatment efficacy. Additionally, several studies exhibited moderate risk of
bias due to partial control of confounding variables and smaller sample sizes, which limited the reliability of their findings. However,
studies with low risk of bias consistently demonstrated robust clinical outcomes, providing a reliable foundation for the observed
benefits. The strengths of this meta-analysis lie in its comprehensive evaluation of diverse interventions and its synthesis of findings
across multiple systemic conditions. By incorporating various therapies, including probiotics and FMT, the analysis provided a broad
perspective on the potential applications of gut microbiota modulation. Furthermore, the inclusion of rigorous quality assessments
strengthened the reliability of the conclusions drawn. However, limitations included the lack of long-term follow-up data, the absence
of standardized protocols across studies, and the reliance on relatively small sample sizes in some cases. These factors underscored the
need for caution when generalizing the findings to wider populations.

Personalized approaches to gut microbiota modulation emerged as a critical area of focus, as individual variations in gut microbiota
composition and host responses significantly influence treatment efficacy. Tailoring probiotic therapies to specific patient profiles,
optimizing dosages, and selecting strain-specific interventions are essential for maximizing clinical benefits. Furthermore, the potential
of FMT for achieving remission in severe cases of dysbiosis, such as ulcerative colitis, demonstrated its utility in addressing treatment-
resistant conditions. Future research should aim to address the limitations identified in this analysis. Large-scale, multicenter randomized
controlled trials with standardized protocols are necessary to enhance the generalizability of findings. Long-term studies are crucial to
assess the sustainability of therapeutic effects and to explore the broader implications of gut microbiota modulation in systemic diseases
beyond gastrointestinal conditions. Additionally, the integration of biomarkers to identify patient responders and the exploration of
combination therapies, including probiotics, prebiotics, and dietary modifications, could enhance therapeutic outcomes and facilitate
precision medicine approaches. This analysis provided robust evidence supporting the role of gut microbiota modulation in managing
systemic diseases. Probiotics, particularly Lactobacillus reuteri and Bifidobacterium bifidum, showed significant efficacy in addressing
gastrointestinal disorders, H. pylori infections, and functional abdominal pain. Despite the observed heterogeneity and moderate risk of
bias in some studies, the findings underscored the transformative potential of gut microbiota modulation as an innovative approach in
systemic health management. Continued advancements in research and the standardization of methodologies are anticipated to further
enhance its clinical applications, paving the way for personalized, microbiota-targeted treatments in modern medicine.

CONCLUSION

This meta-analysis concludes that gut microbiota modulation holds significant promise in the prevention and management of systemic
diseases, offering therapeutic benefits through probiotics, fecal microbiota transplantation, and dietary interventions. By targeting key
pathways such as inflammation, microbial balance, and gut-brain communication, these strategies have demonstrated meaningful
clinical improvements in conditions like gastrointestinal disorders, depression, and immune-related diseases. While the findings
underscore the potential of gut microbiota-based therapies as innovative and effective approaches, variability in study designs and
methodologies highlights the need for further research to standardize protocols and optimize personalized interventions. These insights
reinforce the role of gut microbiota modulation as a transformative tool in advancing systemic health and precision medicine.
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