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Abstract 
The human gut microbiota is a diverse and dynamic 

community of microorganisms, including bacteria, 

archaea, fungi, and viruses, that inhabit the 

gastrointestinal tract and play a vital role in 

maintaining human health. These microorganisms 

contribute to digestion, nutrient metabolism, vitamin 

synthesis, immune system development, 

maintenance of intestinal barrier integrity, and 

protection against pathogenic microorganisms. 

Advances in next-generation sequencing and 

metagenomic technologies have significantly 

enhanced our understanding of the complex 

interactions between the gut microbiota and the host. 

Increasing evidence indicates that alterations in the 

composition and function of the gut microbiota, 

known as dysbiosis, are associated with the 

development of several chronic and infectious 

diseases, including obesity, type 2 diabetes mellitus, 

inflammatory bowel disease, colorectal cancer, 

cardiovascular diseases, and neurological disorders. 

The gut microbiota also communicates with distant 

organs through pathways such as the gut–brain axis 

and gut–immune axis, highlighting its broad 

influence on human physiology. In recent years, 

microbiota-based therapeutic strategies, including 

probiotics, prebiotics, synbiotics, postbiotics, dietary 

interventions, and fecal microbiota transplantation, 

have shown promising potential in restoring 

microbial balance and improving clinical outcomes. 

However, further research is needed to establish 

standardized treatment protocols and evaluate their 

long-term safety and efficacy. This review 

summarizes the composition and physiological 

functions of the gut microbiota, its role in 

maintaining human health, its involvement in disease 

pathogenesis, and current therapeutic approaches. It 

also highlights future perspectives in microbiome 

research, emphasizing the potential of personalized 

microbiome-based interventions and precision 

medicine to improve disease prevention, diagnosis, 

and treatment. 
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I. Introduction 
The human gastrointestinal (GI) tract 

harbors a complex and dynamic community of 

microorganisms collectively known as the gut 

microbiota. This microbial ecosystem consists 

primarily of bacteria, along with archaea, viruses, 

fungi, and protozoa, that coexist in a mutually 

beneficial relationship with the host. The gut 

microbiota plays a fundamental role in maintaining 

human health by regulating digestion, nutrient 

metabolism, immune system development, and 

protection against pathogenic microorganisms. 

Advances in next-generation sequencing 

and metagenomic technologies have transformed our 

understanding of the gut microbiota and its influence 

on human physiology. Rather than being passive 

inhabitants of the intestine, gut microorganisms 

actively participate in the production of essential 

vitamins, fermentation of dietary fibers into short-

chain fatty acids (SCFAs), maintenance of intestinal 

barrier integrity, and modulation of host immune 

responses. These functions contribute significantly to 

metabolic homeostasis and overall health. 

The composition of the gut microbiota is 

influenced by numerous factors, including mode of 

birth, age, diet, genetics, antibiotic exposure, 

lifestyle, geographical location, and environmental 

conditions. A healthy gut microbiota is characterized 

by high microbial diversity and a balanced interaction 

between beneficial and potentially pathogenic 

microorganisms. Disturbances in this balance, 

commonly referred to as dysbiosis, have been 

associated with the development of a wide range of 

diseases. 

Accumulating evidence has linked gut 

microbial dysbiosis with gastrointestinal disorders 

such as inflammatory bowel disease (IBD), irritable 

bowel syndrome (IBS), and colorectal cancer, as well 

as extra-intestinal diseases including obesity, type 2 

diabetes mellitus, cardiovascular diseases, 

autoimmune disorders, allergies, and neurological 
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conditions such as Alzheimer’s disease and 

Parkinson’s disease. The bidirectional 

communication between the gut microbiota and 

distant organs, particularly through the gut–brain axis 

and gut–immune axis, has become an important area 

of biomedical research. 

In addition to understanding disease 

mechanisms, growing interest has focused on 

microbiota-targeted therapeutic approaches. 

Interventions such as probiotics, prebiotics, 

synbiotics, postbiotics, dietary modification, and 

fecal microbiota transplantation (FMT) have shown 

promise in restoring microbial balance and 

improving clinical outcomes in selected diseases. 

Furthermore, advances in microbiome research are 

paving the way for personalized medicine, where 

individual microbial profiles may guide disease 

prevention and treatment strategies. 

The objective of this review is to summarize 

the current understanding of the composition and 

physiological functions of the human gut microbiota, 

discuss its role in maintaining health and its 

involvement in various diseases, and highlight 

emerging microbiota-based therapeutic strategies and 

future research directions. A better understanding of 

host–microbiota interactions may contribute to the 

development of innovative diagnostic tools and 

personalized therapeutic approaches for improving 

human health. 

 

II. Review Methodology 
 

2.1 Study Design 

This review was conducted using a structured 

literature search to summarize the current evidence 

on the role of the gut microbiota in human health and 

disease. The methodology was based on the 

principles of the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA 

2020) to ensure transparency in the identification and 

selection of relevant studies. 

 

2.2 Literature Search Strategy 

A comprehensive literature search was performed 

using the following electronic databases: 

 

- PubMed/MEDLINE 

- Scopus 

- Web of Science 

- Google Scholar 

The search included articles published between 2015 

and 2025, with priority given to recent studies (2020–

2025). The following keywords and Boolean 

operators were used: 

«(“Gut microbiota” OR “Gut microbiome”) AND 

(“Human health” OR “Disease”) AND (“Dysbiosis” 

OR “Probiotics” OR “Prebiotics” OR “Fecal 

microbiota transplantation”)» 

Reference lists of selected articles were also screened 

to identify additional relevant publications. 

2.3 Inclusion and Exclusion Criteria 

Inclusion Criteria 

- Peer-reviewed articles published in English. 

- Original research articles, systematic reviews, meta-

analyses, and review articles. 

- Studies focusing on gut microbiota, dysbiosis, and 

their association with human health or diseases. 

- Articles discussing microbiota-based therapeutic 

approaches. 

Exclusion Criteria 

- Conference abstracts, editorials, and letters. 

- Duplicate publications. 

- Non-English articles. 

- Studies lacking sufficient scientific data or 

relevance to the review topic. 

 

2.3 Study Selection and Data Extraction 

Retrieved articles were screened based on titles and 

abstracts. Full-text articles meeting the inclusion 

criteria were assessed, and relevant information was 

extracted, including study objectives, methodology, 

major findings, and clinical significance. The 

collected evidence was then organized into thematic 

sections covering the composition and functions of 

the gut microbiota, its role in health, disease 

associations, and therapeutic interventions. 

 

2.4 Data Synthesis 

Due to differences in study designs and reported 

outcomes, a qualitative narrative synthesis was 

performed instead of a meta-analysis. Findings from 

high-quality and recent publications were critically 

summarized to provide an updated overview of the 

relationship between the gut microbiota and human 

health, while highlighting current therapeutic 

strategies and future research directions. 

 

III. Composition and Functions of the Gut 

Microbiota 
3.1 Composition of the Gut Microbiota 

The human gut microbiota comprises trillions of 

microorganisms that inhabit the gastrointestinal tract. 

Although bacteria are the dominant members, the gut 

ecosystem also contains archaea, fungi, viruses 

(mainly bacteriophages), and protozoa. The majority 

of gut bacteria belong to the phyla Firmicutes and 

Bacteroidetes, followed by Actinobacteria, 

Proteobacteria, Verrucomicrobia, and Fusobacteria. 
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The composition of the gut microbiota varies among 

individuals and is influenced by age, diet, genetics, 

mode of birth, antibiotic use, lifestyle, and 

environmental factors. 

A healthy gut microbiota is characterized by high 

microbial diversity and a balanced interaction 

between beneficial and opportunistic 

microorganisms. This balance is essential for 

maintaining  intestinal and systemic health. 

 

3.2 Functions of the Gut Microbiota 

The gut microbiota performs several important 

physiological functions that contribute to human 

health. 

Digestion and Nutrient Metabolism 

Gut microorganisms assist in the breakdown of 

complex carbohydrates and dietary fibers that cannot 

be digested by human enzymes. Fermentation of 

these substrates produces short-chain fatty acids 

(SCFAs), including acetate, propionate, and butyrate, 

which serve as energy sources for intestinal epithelial 

cells and help maintain gut health. 

Vitamin Synthesis 

Several gut bacteria synthesize essential vitamins, 

including vitamin K and B-group vitamins such as 

biotin, folate, riboflavin, and vitamin B12, thereby 

contributing to the nutritional status of the host. 

Immune System Regulation 

The gut microbiota plays a crucial role in the 

development and regulation of both innate and 

adaptive immunity. It promotes the maturation of 

immune cells, stimulates the production of 

immunoglobulin A (IgA), and helps maintain 

immune tolerance while preventing excessive 

inflammatory responses. 

Protection Against Pathogens 

Beneficial gut microorganisms protect the host by 

competing with pathogenic microbes for nutrients 

and attachment sites, producing antimicrobial 

compounds, and strengthening the intestinal barrier. 

This process, known as colonization resistance, 

reduces the risk of gastrointestinal infections. 

Maintenance of Intestinal Barrier Integrity 

The gut microbiota supports the integrity of the 

intestinal epithelial barrier by promoting mucus 

production, maintaining tight junction proteins, and 

reducing intestinal permeability. A healthy intestinal 

barrier prevents the entry of harmful microorganisms 

and toxins into the bloodstream. 

 

IV. Gut Microbiota in Human Health 
The gut microbiota plays an essential role in 

maintaining overall health through its influence on 

metabolism, immunity, neurological function, and 

intestinal homeostasis. Balanced microbial 

communities contribute to normal physiological 

processes, whereas alterations in microbial 

composition may impair health and increase disease 

susceptibility. 

 

4.1 Gut–Brain Axis 

The gut microbiota communicates with the central 

nervous system through the gut–brain axis, a 

bidirectional network involving neural, endocrine, 

immune, and metabolic pathways. Microbial 

metabolites such as short-chain fatty acids and 

neurotransmitter precursors influence brain function, 

behavior, stress responses, learning, and memory. 

 

4.2 Immune System Development 

Early colonization of the gastrointestinal tract is 

essential for proper immune system development. 

Gut microorganisms regulate immune cell 

maturation, cytokine production, and inflammatory 

responses, thereby helping maintain immune 

tolerance and protecting against infections. 

 

 

4.3 Nutrient Metabolism 

The gut microbiota contributes to the metabolism of 

carbohydrates, lipids, and proteins, influencing 

energy balance and nutrient absorption. It also 

regulates bile acid metabolism and participates in the 

synthesis of bioactive metabolites that affect host 

physiology. 

 

4.3 Maintenance of Intestinal Homeostasis 

A balanced gut microbiota preserves intestinal 

homeostasis by maintaining epithelial barrier 

function, regulating mucus secretion, and preventing 

colonization by pathogenic microorganisms. These 

activities reduce intestinal inflammation and support 

normal digestive function. 

 

4.4 Role in Healthy Aging 

The composition of the gut microbiota changes with 

age. A diverse and balanced microbial community 

has been associated with healthy aging, improved 

immune function, and reduced chronic inflammation. 

In contrast, age-related dysbiosis may contribute to 

frailty, metabolic disorders, and cognitive decline. 

Overall, the gut microbiota is now recognized as a 

key regulator of human physiology. Maintaining 

microbial balance through a healthy diet, lifestyle 

modifications, and microbiota-targeted therapies may 

promote health and reduce the risk of chronic 

diseases. 
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V. Gut Microbiota and Human Diseases 
Alterations in the composition and function of the gut 

microbiota, commonly known as dysbiosis, have 

been associated with the development of several 

chronic and infectious diseases. Dysbiosis disrupts 

intestinal homeostasis, increases gut permeability, 

promotes chronic inflammation, and alters metabolic 

and immune functions. 

5.1 Obesity 

Gut microbiota influences energy harvest, fat storage, 

and metabolism. Individuals with obesity often show 

an altered balance between Firmicutes and 

Bacteroidetes, which may increase energy extraction 

from the diet. Dysbiosis also promotes low-grade 

inflammation and insulin resistance, contributing to 

weight gain and metabolic dysfunction. 

5.2 Type 2 Diabetes Mellitus 

Changes in gut microbial composition have been 

linked to impaired glucose metabolism and insulin 

resistance. Reduced populations of beneficial 

bacteria that produce short-chain fatty acids (SCFAs) 

may impair intestinal barrier function and increase 

systemic inflammation, thereby contributing to the 

development of type 2 diabetes mellitus. 

5.3 Inflammatory Bowel Disease 

Inflammatory bowel disease (IBD), including 

Crohn’s disease and ulcerative colitis, is associated 

with decreased microbial diversity and an imbalance 

between beneficial and harmful bacteria. Dysbiosis 

contributes to abnormal immune activation, chronic 

intestinal inflammation, and damage to the intestinal 

mucosa. 

5.4Colorectal Cancer 

Several studies have demonstrated an association 

between gut microbial dysbiosis and colorectal 

cancer. Certain bacterial species, such as 

Fusobacterium nucleatum, promote chronic 

inflammation, DNA damage, and tumor progression. 

Conversely, beneficial bacteria producing SCFAs 

may protect against colorectal carcinogenesis. 

5.5 Cardiovascular Diseases 

The gut microbiota influences cardiovascular health 

through the production of metabolites such as 

trimethylamine N-oxide (TMAO), which has been 

associated with atherosclerosis and an increased risk 

of cardiovascular disease. Dysbiosis may also 

contribute to hypertension and vascular 

inflammation. 

5.6 Neurological Disorders 

The gut–brain axis provides communication between 

the gastrointestinal tract and the central nervous 

system. Alterations in gut microbiota have been 

associated with neurological disorders including 

Alzheimer’s disease, Parkinson’s disease, autism 

spectrum disorder, depression, and anxiety. Microbial 

metabolites, inflammatory mediators, and neural 

signaling pathways are believed to contribute to these 

associations. 

Overall, increasing evidence suggests that 

maintaining a healthy gut microbiota may reduce the 

risk of several chronic diseases and improve overall 

health. 

 

VI. Therapeutic Approaches 
Growing knowledge of the gut microbiota has led to 

the development of therapeutic strategies aimed at 

restoring microbial balance and improving health 

outcomes. 

6.1 Probiotics 

Probiotics are live microorganisms that provide 

health benefits when administered in adequate 

amounts. Common probiotic genera include 

Lactobacillus, Bifidobacterium, and Saccharomyces. 

They help restore microbial balance, strengthen the 

intestinal barrier, enhance immune responses, and 

reduce the growth of pathogenic microorganisms. 

6.2 Prebiotics 

Prebiotics are non-digestible food components that 

selectively stimulate the growth and activity of 

beneficial gut bacteria. Common prebiotics include 

inulin, fructooligosaccharides (FOS), and 

galactooligosaccharides (GOS). They promote the 

production of SCFAs and support intestinal health. 

6.3 Synbiotics 

Synbiotics are combinations of probiotics and 

prebiotics that work together to improve the survival 

and activity of beneficial microorganisms. They have 

shown potential in improving gastrointestinal health, 

enhancing immunity, and reducing inflammation. 

 

6.4 Postbiotics 

Postbiotics are bioactive compounds produced by 

probiotic microorganisms during fermentation. These 

include short-chain fatty acids, enzymes, peptides, 

and cell wall components that contribute to immune 

regulation, antimicrobial activity, and maintenance of 

intestinal barrier integrity. 

6.5 Fecal Microbiota Transplantation (FMT) 

Fecal microbiota transplantation involves 

transferring processed stool from a healthy donor into 

the gastrointestinal tract of a recipient to restore 

normal microbial diversity. FMT has shown high 

success in treating recurrent Clostridioides difficile 

infection and is being investigated for inflammatory 

bowel disease, metabolic disorders, and other 

conditions. 

 

Summary 
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Microbiota-based therapies represent a 

promising approach for preventing and treating 

diseases associated with gut dysbiosis. Although 

probiotics, prebiotics, synbiotics, postbiotics, and 

FMT have demonstrated encouraging results, further 

large-scale clinical studies are required to establish 

their long-term safety, efficacy, and optimal clinical 

applications. 

 

VII. Future Perspectives 
Research on the human gut microbiota has 

expanded rapidly in recent years, providing new 

insights into its role in health and disease. Advances 

in next-generation sequencing, metagenomics, 

metabolomics, and artificial intelligence (AI) are 

improving our understanding of host–microbiota 

interactions and enabling the identification of 

disease-specific microbial signatures. These 

technologies are expected to facilitate the 

development of personalized diagnostic and 

therapeutic strategies. 

One promising area of research is 

personalized microbiome medicine, where an 

individual’s gut microbial profile may guide disease 

prevention, diagnosis, and treatment. Microbiome-

based biomarkers could help predict disease risk and 

monitor treatment response. In addition, the 

development of next-generation probiotics, 

engineered beneficial bacteria, and targeted 

microbial therapies offers new opportunities for 

managing chronic diseases. 

Fecal microbiota transplantation (FMT) and 

postbiotic therapies continue to show potential for 

treating recurrent intestinal infections and other 

microbiota-related disorders. However, further large-

scale clinical trials are needed to establish their long-

term safety, efficacy, and standardized treatment 

protocols. 

Despite significant progress, several 

challenges remain, including individual variation in 

gut microbiota composition, limited understanding of 

microbial interactions, lack of standardized analytical 

methods, and regulatory concerns regarding 

microbiome-based therapies. Future 

multidisciplinary research integrating microbiology, 

genomics, immunology, nutrition, and computational 

biology will be essential for translating microbiome 

research into routine clinical practice. 

Overall, continued advances in gut 

microbiota research are expected to contribute 

significantly to precision medicine and improve the 

prevention, diagnosis, and treatment of numerous 

human diseases. 

 

VIII. Conclusion 
The human gut microbiota is a complex and 

dynamic microbial community that plays a vital role 

in maintaining human health. It contributes to 

digestion, nutrient metabolism, immune system 

development, maintenance of intestinal barrier 

integrity, and protection against pathogenic 

microorganisms. A balanced gut microbiota supports 

normal physiological functions, whereas disruption 

of microbial homeostasis (dysbiosis) has been 

associated with a wide range of diseases, including 

obesity, type 2 diabetes mellitus, inflammatory bowel 

disease, colorectal cancer, cardiovascular diseases, 

and neurological disorders. 

Recent advances in sequencing technologies 

have significantly improved our understanding of 

host–microbiota interactions and their influence on 

disease development. Microbiota-targeted 

interventions such as probiotics, prebiotics, 

synbiotics, postbiotics, dietary modification, and 

fecal microbiota transplantation have shown 

promising therapeutic potential, although further 

clinical evidence is required to optimize their 

application. 

In conclusion, maintaining a healthy gut 

microbiota is essential for overall well-being. 

Continued research into microbiome biology and 

therapeutic strategies will enhance our understanding 

of disease mechanisms and support the development 

of personalized approaches for disease prevention 

and treatment. The gut microbiota is expected to 

remain a key focus of biomedical research and 

precision medicine in the coming years. 

 

References 
[1]. Thursby E, Juge N. Introduction to the human 

gut microbiota. Biochem J. 

2017;474(11):1823–1836. 

[2]. Valdes AM, Walter J, Segal E, Spector TD. 

Role of the gut microbiota in nutrition and 

health. BMJ. 2018;361:k2179. 

[3]. Fan Y, Pedersen O. Gut microbiota in human 

metabolic health and disease. Nat Rev 

Microbiol. 2021;19(1):55–71. 

[4]. Cryan JF, O’Riordan KJ, Cowan CSM, et al. 

The microbiota–gut–brain axis. Physiol Rev. 

2019;99(4):1877–2013. 

[5]. Lynch SV, Pedersen O. The human intestinal 

microbiome in health and disease. N Engl J 

Med. 2016;375(24):2369–2379. 

[6]. Sender R, Fuchs S, Milo R. Revised estimates 

for the number of human and bacterial cells in 

the body. PLoS Biol. 2016;14(8):e1002533. 



 
 

  

International Journal of Pharmaceutical research and Applications 

Volume 11, Issue 4, Jul.-Aug. 2026, pp:599-603 www.ijprajournal.com ISSN:2456-4494 

                                      

 

 

 

DOI: 10.35629/4494-1104598603     | Impact Factor value 7.429  ISO 9001: 2008 Certified Journal      Page 603 

[7]. Sommer F, Bäckhed F. The gut microbiota—

masters of host development and physiology. 

Nat Rev Microbiol. 2013;11(4):227–238. 

[8]. Gilbert JA, Blaser MJ, Caporaso JG, et al. 

Current understanding of the human 

microbiome. Nat Med. 2018;24(4):392–400. 

[9]. Tilg H, Zmora N, Adolph TE, Elinav E. The 

intestinal microbiota in disease. Nat Rev 

Gastroenterol Hepatol. 2020;17(5):279–294. 

[10]. Kho ZY, Lal SK. The human gut microbiome 

– A potential controller of wellness and 

disease. Front Microbiol. 2018;9:1835. 

[11]. Rinninella E, Raoul P, Cintoni M, et al. What 

is the healthy gut microbiota composition? 

Microorganisms. 2019;7(1):14. 

[12]. Makki K, Deehan EC, Walter J, Bäckhed F. 

The impact of dietary fiber on gut microbiota 

in host health and disease. Cell Host Microbe. 

2018;23(6):705–715. 

[13]. O’Toole PW, Jeffery IB. Gut microbiota and 

aging. Science. 2015;350(6265):1214–1215. 

[14]. Turnbaugh PJ, Ley RE, Hamady M, et al. The 

human microbiome project. Nature. 

2007;449(7164):804–810. 

[15]. Huttenhower C, Gevers D, Knight R, et al. 

Structure, function and diversity of the healthy 

human microbiome. Nature. 

2012;486(7402):207–214. 

[16]. Zmora N, Suez J, Elinav E. You are what you 

eat: Diet, health and the gut microbiota. Nat 

Rev Gastroenterol Hepatol. 2019;16(1):35–

56. 

[17]. Marchesi JR, Adams DH, Fava F, et al. The gut 

microbiota and host health. Gut. 

2016;65(2):330–339. 

[18]. Hill C, Guarner F, Reid G, et al. Expert 

consensus document: The International 

Scientific Association for Probiotics and 

Prebiotics (ISAPP) consensus statement on 

probiotics. Nat Rev Gastroenterol Hepatol. 

2014;11(8):506–514. 

[19]. Sanders ME, Merenstein DJ, Reid G, et al. 

Probiotics and prebiotics in intestinal health 

and disease. Gut. 2019;68(6):1126–1138. 

[20]. Kundu P, Blacher E, Elinav E, Pettersson S. 

Our gut microbiome: The evolving inner self. 

Cell. 2017;171(7):1481–1493. 

 


