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Abstract—Obesity has been of global health concern, 

contributing to a wide range of chronic diseases such as 

cardiovascular disease, type 2 diabetes, and certain cancers. 

Recent research has illuminated the complex role of gut 

microbiota in the development and progression of obesity The 

gut microbiota tempers host metabolism through mechanisms 

like fermentation of dietary fibers, production of short-chain 

fatty acids, and regulation of appetite-related hormones. 

Addressing obesity through a microbiota-centric approach 

necessitates comprehensive strategies that integrate dietary 

modifications, lifestyle intervention and consideration of culture. 

The gut microbiota affects metabolism and immune function 

which are crucial for energy regulation and fat storage. This 

review examines the interplay between obesity and dysbiosis, 

emphasizing the critical roles of diet and lifestyle as 

understanding these dynamics informs tailored interventions for 

obesity prevention and management.  
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I. INTRODUCTION 

The occurrence of overweight and obesity have been of 
community health concern even before the 21st century. 
Overweight and obesity are primarily conditions in which one 
has surplus fat in the body, however, overweight can be 
distinguished from obesity in terms of body mass index. 
Obesity is a multifactorial and complex condition characterized 
by excessive fat accumulation, which has become a major 
global health issue, with increasing prevalence across all age 
groups [1]. It is associated with a heightened risk of several 
chronic diseases, including type 2 diabetes, cardiovascular 
diseases, and certain types of cancer, placing a significant 
burden on healthcare systems worldwide [2]. Body mass index 
(BMI) is one of the means through which body fat can be 
measured and it is calculated by sharing the weight(kg) of the 
subject by the height(m2). It is significant to note that BMI for 
infants and children are expressed in percentile [3]. Though 
overweight and obesity are effects of excess fat in the body, an 
adult is said to be overweight when his or her BMI is equal to 
or greater than 25; while obesity sets in with a BMI of 30 or 
above. Factors such as energy imbalance, lack of physical 
activity, genetics are responsible for overweight and obesity 

[4]. Obesity puts one at risk of health situations such as type 2 
diabetes, hypertension, cardiovascular diseases, psychological 
issues which may include [5] low self-esteem, depression and 
anxiety.  

W.H.O has it that as of 2022, 43% of adults (18 and above) 
were overweight and 16% of these adults were living with 
obesity, while about 37 million children under the age of 5 
were overweight. 

While diet and lifestyle are critical in the progress of 
obesity, current investigations have tangled gut microbiota and 
nutrition as a factor influencing body weight and metabolism.  

The human gut or gastrointestinal system comprises of 
millions of microbes which play vital roles in immune 
function, digestion, absorption of nutrients and metabolism. 
These microorganisms play a pivotal role in various 
physiological processes, such as digestion, immune 
modulation, and metabolism [6]. Imbalances in gut microbiota 
composition, often influenced by diet, is capable of 
contributing to obesity by disturbing energy extraction from 
food and regulating appetite hormones [7]. Disruptions in the 
microbial ecosystem, known as dysbiosis, have been associated 
with metabolic disturbances, altered energy balance, and an 
increased tendency for fat storage, all of which contribute to 
obesity [8]. Intestinal dysbiosis, characterized by an increase in 
Firmicutes bacteria and a decrease in Bacteriodetes, alters 
energy metabolism leading to a greater accumulation of 
adipose tissue [9]. The gut microbiota may influence host 
metabolism through mechanisms such as the fermentation of 
dietary fibers, production of short-chain fatty acids (SCFAs), 
modulation of appetite-regulating hormones, and regulation of 
inflammation [11, 12]. 

 

II. COMPOSITION OF GUT MICROBIOTA AND FUNCTIONS 

The gut microbiota in healthy persons is made up of diverse 
microorganisms, mainly bacteria, but also consist of archaea, 
fungi, viruses, and other microorganisms. Bacterial 
composition includes Firmicutes which is abundant in the 
human gut and is involved in the fermentation of complex 
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carbohydrates, producing short-chain fatty acids (SCFAs) such 
as acetate, propionate, and butyrate, which are vital for gut 
health and energy metabolism [13]. Bacteroidetes are also key 
players in carbohydrate fermentation. The balance between 
Firmicutes and Bacteroidetes has been associated with body 
weight regulation, with some studies suggesting an increased 
ratio of Firmicutes to Bacteroidetes in individuals with obesity 
[14]. Actinobacteria which is thought to play a crucial role in 
gut health by aiding digestion and contributing to the 
regulation of the immune system. Proteobacteria includes some 
potentially pathogenic bacteria like Escherichia coli and 
Salmonella. An overrepresentation of Proteobacteria is often 
observed in individuals with dysbiosis, which may contribute 
to inflammation and metabolic disturbances [15]. 

 Firmicutes and Bacteroidetes represents the majority of the 
bacterial population [16]. 

Although they make up a smaller portion of the microbiota, 
fungi, especially those belonging to the Ascomycota and 
Basidiomycota groups, are also found in the gut in addition to 
bacteria. These funguses have functions in immunological 
regulation, digesting, and bacterial symbiosis. Intestinal fungi 
regulate immune responses in inflammatory bowel disease 
(IBD) by enhancing oxidative phosphorylation and 
glutaminolysis [17].  

The gut microbiota performs numerous essential functions, 
many of which are fundamental to the health of the host. The 
microbiota aids in the fermentation of carbohydrates into 
SCFAs, which give the host energy and support metabolic 
health, as well as the digestion of otherwise indigestible food 
fibers [18]. It has been recognized that butyrate, has anti-
inflammatory properties and is crucial for gut integrity 
preservation [19]. 

Gut bacteria interact with the host's immune system to 
promote a healthy immunological response. Gut bacteria may 
alter the way food components are absorbed, which could 
impact energy balance. It aids in appetite management by 
modifying hormones such as ghrelin and leptin that control 
hunger and satiety [20]. The microbiome's metabolites can also 
regulate insulin sensitivity, lipid metabolism, and obesity. The 
microbiota aids in preventing harmful bacteria and endotoxins 
from entering the bloodstream by maintaining the integrity of 
the gut barrier [21]. Increased intestinal permeability, 
sometimes known as "leaky gut," [22] is commonly associated 
with dysbiosis, a microbial imbalance that can lead to 
metabolic disorders including diabetes and obesity as well as 
systemic inflammation. Overeating and weight gain may result 
from dysbiosis's interference with these hormone signals. 
Essential vitamins (such as vitamin K and B vitamins) and 
other nutrients are synthesized by specific gut bacteria and are 
vital for metabolic functions and general health [23].  

Fermentation of dietary 

fibers into SCFAs

Regulation of appetite 

hormones

Gut Microbiota 
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Fig. 1. Gut Microbiota Metabolic Functions 

 

Diet, lifestyle factors, and the genetics of the individual all 
play significant roles in determining the composition and 
diversity of the gut microbiota. Dietary habits, particularly 
fiber intake, [24] influence the abundance of certain bacterial 
species, such as those involved in fiber fermentation and the 
production of short-chain fatty acids (SCFAs). Also, the 
consumption of prebiotics, probiotics, and fermented foods can 
impact gut microbiota composition [25]. Lifestyle factors such 
as physical activity, stress levels, and sleep patterns have also 
been associated with alterations in gut microbiota composition. 
For example, exercise has shown to encourage microbial 
diversity and the abundance of beneficial bacteria, while [26] 
chronic stress can lead to dysbiosis and alterations in gut 
barrier function. 

Although the extent of genetic influence remains 
incompletely understood, host genetics also contribute to 
individual differences in gut microbiota composition. Certain 
genetic variants have been linked to specific microbial taxa, 
signifying a genetic component to microbiota composition. 

The gut microbiota plays indispensable roles in metabolic 
regulation and energy balance through various mechanisms. 
They contribute to nutrient metabolism and energy extraction 
from dietary substrates, mainly complex carbohydrates that are 
otherwise indigestible by the host. Additionally, [27] gut 
microbiota produces metabolites such as short-chain fatty acids 
(SCFAs) and secondary bile acids, which can influence host 
metabolism, adiposity, and energy expenditure. 

Gut microbiota interacts with the immune system and 
modulate inflammation, this can impact metabolic health. 
Dysbiosis which is characterized by [28] alterations in gut 
microbiota composition, has been associated with [29] obesity, 
insulin resistance, and metabolic syndrome, thereby 
highlighting the importance of a balanced and diverse gut 
microbiota for metabolic homeostasis. 

TABLE I.  HEALTHY VS. DYSBIOTIC GUT MICROBIOTA 

No Healthy Gut Microbiota Dysbiotic Gut Microbiota 

1 Diverse Reduced diversity 

2 Balanced composition Overgrowth or undergrowth of 

pathogenic microbes  

3 Promotes immune balance and 

tolerance. 

causes inflammation and 

immune system dysfunction 

4 Helps maintain gut integrity and 

prevents leaky gut 

Leads to increased gut 

permeability (leaky gut) 
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III. DYSBIOSIS AND OBESITY 

Dysbiosis is an imbalance or disruption in the composition 
and function of the gut microbiota, generally caused by 
alterations in microbial diversity, abundance, and or metabolic 
activity. This imbalance has been strongly associated with 
obesity and metabolic disorders. Individuals with obesity often 
show distinct alterations in gut microbiota composition 
compared to lean individuals [30]. Specifically, they may have 
reduced microbial diversity, changes in the relative abundance 
of specific bacterial taxa (e.g., decreased abundance of 
Bacteroidetes and increased abundance of Firmicutes), and 
alterations in the metabolic potential of the gut microbiota. 
Several potential mechanisms have been proposed to link 
dysbiosis to the development of obesity: 

1. Inflammation: Dysbiosis can lead to low-grade 
inflammation in the gut and systemic circulation, which is 
implicated in the pathogenesis of obesity and metabolic 
syndrome. Dysbiotic microbiota may encourage the release of 
pro-inflammatory cytokines and activate immune cells, 
contributing to insulin resistance and adipose tissue 
dysfunction [31].  

2. Energy Extraction: Dysbiotic gut microbiota may be 
more efficient at extracting energy from the diet, particularly 
from fermentable carbohydrates [32]. This enhanced energy 
harvest can lead to increased production of short-chain fatty 
acids (SCFAs) and other metabolites, which may promote 
adiposity and weight gain. 

3. Metabolic Dysregulation: Dysbiosis can disrupt 
metabolic homeostasis through various pathways, including 
alterations in bile acid metabolism, production of bioactive 
metabolites, and modulation of host signaling pathways 
involved in energy metabolism. These disruptions can [33] 
contribute to insulin resistance, dyslipidemia, and other 
metabolic abnormalities associated with obesity 

Imbalance in gut microbiota (Dysbiosis)

Altered energy metabolism

Increased fat storage

Intestinal permeability (Leaky gut)

Chronic inflammination

Insulin resistance and fat accumulation
 

Fig. 2. Gut Microbiota Dysbiosis and Obesity Development 

 

IV. IMPACT OF NUTRITION ON GUT MICROBIOTA 

Nutrition plays a crucial role in shaping the composition 
and function of the gut microbiota, with numerous dietary 
components exerting distinct effects on microbial communities. 
The Western diet, characterized by high intake of processed 
foods, red meat, refined sugars, and saturated fats, is connected 
with dysbiosis and an increased risk of obesity and metabolic 
disorders. This dietary pattern [34] promotes the growth of pro-
inflammatory bacteria and reduces microbial diversity. In 
contrast, the Mediterranean diet, rich in fruits, vegetables, 
whole grains, legumes, fish, and olive oil, is associated with a 
more diverse and balanced gut microbiota composition. This 
dietary pattern promotes the growth of beneficial bacteria and 
is linked to lower rates of obesity and metabolic diseases. The 
dietary Components may include; 

• Fiber: Dietary fiber, particularly non-digestible 
carbohydrates such as soluble and insoluble fibers, serves as a 
substrate for fermentation by gut bacteria. Fiber-rich diets [35] 
promote the growth of beneficial bacteria, such as 
Bifidobacteria and Lactobacilli, causing an increase in 
microbial diversity and the production of short-chain fatty 
acids (SCFAs), which have beneficial effects on metabolic 
health. 

• Fat: High-fat diets, especially those rich in saturated 
fats, have been associated with alterations in gut microbiota 
composition [36], including reductions in microbial diversity 
and changes in the relative abundance of certain bacterial taxa. 
These alterations may contribute to metabolic dysfunction and 
obesity. 

• Sugar: Excessive consumption of refined sugars and 
high-fructose corn syrup has been linked to dysbiosis, 
characterized by shifts in microbial composition and increased 
abundance of potentially harmful bacteria. This dysbiosis may 
contribute to inflammation, metabolic syndrome, and obesity 
risk. 

Prebiotics, probiotics and dietary supplements 

• Prebiotics: Prebiotics are non-digestible dietary fibers 
that selectively promote the growth of beneficial bacteria in the 
gut [37], such as Bifidobacteria and Lactobacilli. Incorporating 
prebiotic-rich foods, such as onions, garlic, leeks, and chicory 
root, into the diet can help support a healthy gut microbiota and 
mitigate obesity risk. 

• Probiotics: Probiotics are live microorganisms that 
confer health benefits when consumed in adequate amounts 
[38]. Some probiotic strains, such as [39] Lactobacillus and 
Bifidobacterium species, have been shown to improve gut 
microbiota composition, reduce inflammation, and mitigate 
obesity-related metabolic dysfunction.  

• Dietary Supplements: Some dietary supplements, 
such as polyphenols and omega-3 fatty acids, have shown to 
modulate gut microbiota composition and improve metabolic 
health [40]. These supplements may exert their effects by 
promoting the growth of beneficial bacteria and reducing 
inflammation in the gut. 
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V. GUT MICROBIOTA-HOST INTERACTION IN OBESITY 

The complex relationship between gut microbiota and host 

metabolism involves bidirectional communication mechanisms 

that play a role in maintaining metabolic homeostasis. On one 

hand, the host offers nutrients and a suitable environment for 

the growth and maintenance of gut microbiota. On the other 

hand, gut microbiota contributes to host metabolism through 

the production of several metabolites and by modulating host 

signaling pathways.  

Gut microbiota-derived metabolites, such as short-chain 

fatty acids (SCFAs), exert profound effects on host physiology 

and can influence the development of obesity. SCFAs, 

produced through the fermentation of dietary fibers by gut 

bacteria, serve as energy substrates for host cells and play a 

role in lipid metabolism [41]. SCFAs like acetate, propionate, 

and butyrate have been shown to regulate adipogenesis, insulin 

sensitivity, and energy expenditure, ultimately impacting body 

weight regulation. The gut microbiota also impacts appetite 

regulation, energy metabolism, and adipose tissue function 

through various mechanisms. Additionally, gut microbiota-

derived metabolites can signal to distant organs, including the 

brain and adipose tissue, through neural, hormonal, and 

immune pathways, thereby influencing energy balance and 

adiposity [42]. 

 

VI. CLINICAL IMPLICTIONS AND THERAPEUTIC STRATEGIES 

Microbiota-targeted interventions is an emerging and 

promising strategy for obesity management, supported by a 

growing body of evidence highlighting the intricate 

relationship between gut microbiota composition and 

metabolic health. 

1) Studies in both animal models and humans have 

demonstrated links between dysbiosis and obesity, as well as 

improvements in metabolic parameters following 

interventions aimed at modulating gut microbiota 

composition. Fecal microbiota transplantation (FMT), in 

which fecal microbiota from healthy donors are transferred to 

individuals with dysbiosis, has shown efficacy in improving 

insulin sensitivity, reducing adiposity, and ameliorating 

metabolic dysfunction in animal models and human clinical 

trials. 

2) Dietary interventions, such as increased fiber intake, 

adoption of a Mediterranean-style diet rich in fruits, 

vegetables, and whole grains, and supplementation with 

prebiotics and probiotics, have shown to promote a healthy gut 

microbiota composition and mitigate obesity risk. 

B. Strategies for modulating gut microbiota 

a) Dietary modifications, including increasing fiber 

intake, reducing consumption of processed foods and high-

fat/sugar diets, and incorporating prebiotic-rich foods and 

probiotic supplements, can help promote the growth of 

beneficial bacteria and improve gut microbiota diversity. 

b) Regular physical activity, stress management, and 

adequate sleep have been associated with a more diverse and 

balanced gut microbiota composition.  

c) Developing targeted microbial therapeutics, such as 

engineered probiotics or microbial metabolites, that 

specifically modulate gut microbiota composition and function 

holds promise for obesity management. However, more 

research is needed to optimize these approaches and ensure 

their safety and efficacy. 

C. Challenges 

a) Standardization: One of the challenges in 

incorporating microbiota-based approaches into clinical 

practice is the lack of standardization in methodologies for 

assessing gut microbiota composition and defining dysbiosis. 

Establishing standardized protocols for microbiota analysis 

and interpretation is essential for reproducibility and 

comparability of research findings. 

b) Personalized Medicine: Another challenge is the 

inherent inter-individual variability in gut microbiota 

composition and response to interventions. Developing 

personalized microbiota-based interventions tailored to 

individual microbiota profiles and metabolic phenotypes may 

enhance their efficacy. 

c) Integration into Clinical Practice: Despite the 

promising evidence, incorporating microbiota-based 

approaches into routine clinical practice for obesity prevention 

and treatment faces barriers such as limited awareness among 

healthcare providers, reimbursement issues, and the need for 

further validation in large-scale clinical trials. Overcoming 

these challenges will require collaboration between 

researchers, clinicians, policymakers, and industry 

stakeholders.  

d) Cultural practices of a community entail a wide range 

of behaviors, norms, traditions. Such practices influence 

various aspects of life which may include physical activity 

levels, dietary patterns, food preferences and cooking 

methods. The cultural practices of a group play a crucial role 

in the shaping the microbial communities residing in the gut as 

different dietary patterns contain diverse blends of bioactive 

compounds, fiber, micro and macro nutrients. These 

components modulate the growth and activity of gut bacteria. 

Traditional rich diets are associated with greater microbial 

diversity while western diets characterized by processed foods 

and saturated fats are linked to dysbiosis and inflammation.  

The dietary pattern and lifestyles practiced as a culture can 

either reduce or increase obesity through its effects on energy 

balance, inflammation and metabolic regulations. A culture 

that promotes consumption of energy dense foods, processed 

foods with little or no physical activity will increase the risks 

of obesity. 

VII. CONCLUSION 

Microbiota-targeted interventions offer exciting 
opportunities for obesity management, but their translation into 
clinical practice necessitates addressing challenges related to 
standardization, personalized medicine, and integration into 
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healthcare systems. Continued research efforts and 
interdisciplinary partnership are important for realizing the full 
potential of microbiota-based approaches in fighting the global 
obesity epidemic.  

 

REFERENCES 

[1] Ryan, D., Barquera, S., Barata Cavalcanti, O., & Ralston, J. (2021). The 
global pandemic of overweight and obesity: addressing a twenty-first 
century multifactorial disease. In Handbook of global health (pp. 739-
773). Cham: Springer International Publishing. 

[2] Mohajan, D., & Mohajan, H. (2023). Obesity and Its Related Diseases: 
A New Escalating Alarming in Global Health. Journal of Innovations in 
Medical Research. https://doi.org/10.56397/jimr/2023.03.04. 

[3] Freedman, D.S., Goodwin Davies, A.J., Phan, T.L.T., Cole, F.S., Pajor, 
N., Rao, S., Eneli, I., Kompaniyets, L., Lange, S.J., Christakis, D.A. and 
Forrest, C.B., 2022. Measuring BMI change among children and 
adolescents. Pediatric obesity, 17(6), p.e12889. 

[4] Switala, K. and Leonska-Duniec, A., 2021. Physical activity and gene 
association with human obesity. Baltic Journal of Health and Physical 
Activity, 13(4), p.10. 

[5] Moradi, M., Mozaffari, H., Askari, M. and Azadbakht, L., 2021. 
Association between overweight/obesity with depression, anxiety, low 
self-esteem, and body dissatisfaction in children and adolescents: a 
systematic review and meta-analysis of observational studies. Critical 
Reviews in Food Science and Nutrition, 62(2), pp.555-570. 

[6] Yoon, J., , J., Velankanni, P., Lee, C., & Kwon, H. (2023). Gut 
Microbial Metabolites on Host Immune Responses in Health and 
Disease. Immune Network, 23. https://doi.org/10.4110/in.2023.23.e6. 

[7] Amabebe, E., Robert, F.O., Agbalalah, T. and Orubu, E.S., 2020. 
Microbial dysbiosis-induced obesity: role of gut microbiota in 
homoeostasis of energy metabolism. British Journal of Nutrition, 
123(10), pp.1127-1137. 

[8] Breton, J., Galmiche, M., & Déchelotte, P. (2022). Dysbiotic Gut 
Bacteria in Obesity: An Overview of the Metabolic Mechanisms and 
Therapeutic Perspectives of Next-Generation Probiotics. 
Microorganisms, 10. https://doi.org/10.3390/microorganisms10020452. 

[9] Pinto, A., Cavalcante, D., Araújo, E., Cabral, F., Santos, J., & Costa, K. 
(2021). Dysbiosis and obesity: implications of the gut microbiota. 
International Journal of Nutrology. https://doi.org/10.54448/ijn2135. 

[10] Magne, F., Gotteland, M., Gauthier, L., Zazueta, A., Pesoa, S., 
Navarrete, P., & Balamurugan, R. (2020). The firmicutes/bacteroidetes 
ratio: a relevant marker of gut dysbiosis in obese patients?. Nutrients, 
12(5), 147 

[11] Tian, S., Chu, Q., , S., , H., & Song, H. (2023). Dietary Fiber and Its 
Potential Role in Obesity: A Focus on Modulating the Gut Microbiota.. 
Journal of agricultural and food chemistry. 
https://doi.org/10.1021/acs.jafc.3c03923. 

[12] Peredo-Lovillo, A., Romero-Luna, H., & Jiménez‐ Fernández, M. 
(2020). Health promoting microbial metabolites produced by gut 
microbiota after prebiotics metabolism. Food research international, 
136, 109473 . https://doi.org/10.1016/j.foodres.2020.109473. 

[13] Singh, V., Lee, G., Son, H., Koh, H., Kim, E., Unno, T., & Shin, J. 
(2023). Butyrate producers, “The Sentinel of Gut”: Their intestinal 
significance with and beyond butyrate, and prospective use as microbial 
therapeutics. Frontiers in Microbiology, 13. 
https://doi.org/10.3389/fmicb.2022.1103836. 

[14] Qadir, R., & Assafi, M. (2021). The association between body mass 
index and the oral Firmicutes and Bacteroidetes profiles of healthy 
individuals.. Malaysian family physician : the official journal of the 
Academy of Family Physicians of Malaysia, 16 3, 36-43 . 
https://doi.org/10.51866/oa1129. 

[15] Katz-Agranov, N., & Zandman-Goddard, G. (2021). The microbiome 
links between aging and lupus.. Autoimmunity reviews, 102765 . 
https://doi.org/10.1016/j.autrev.2021.102765. 

[16] Oliver, A., Chase, A. B., Weihe, C., Orchanian, S. B., Riedel, S. F., 
Hendrickson, C. L., ... & Whiteson, K. (2021). High-fiber, whole-food 

dietary intervention alters the human gut microbiome but not fecal short-
chain fatty acids. Msystems, 6(2), 10-1128   

[17] Yu, M., Ding, H., Gong, S., Luo, Y., Lin, H., Mu, Y., Li, H., Li, X., & 
Zhong, M. (2023). Fungal dysbiosis facilitates inflammatory bowel 
disease by enhancing CD4+ T cell glutaminolysis. Frontiers in Cellular 
and Infection Microbiology, 13. 
https://doi.org/10.3389/fcimb.2023.1140757.   

[18] Nogal, A., Valdes, A., & Menni, C. (2021). The role of short-chain fatty 
acids in the interplay between gut microbiota and diet in cardio-
metabolic health. Gut Microbes, 13. 
https://doi.org/10.1080/19490976.2021.1897212. 

[19] Recharla, N., Geesala, R., & Shi, X. (2023). Gut Microbial Metabolite 
Butyrate and Its Therapeutic Role in Inflammatory Bowel Disease: A 
Literature Review. Nutrients, 15. https://doi.org/10.3390/nu15102275. 

[20] Schalla, M., & Stengel, A. (2020). Effects of microbiome changes on 
endocrine ghrelin signaling – A systematic review. Peptides, 133. 
https://doi.org/10.1016/j.peptides.2020.170388. 

[21] Serek, P., & Oleksy-Wawrzyniak, M. (2021). The Effect of Bacterial 
Infections, Probiotics and Zonulin on Intestinal Barrier Integrity. 
International Journal of Molecular Sciences, 22. 
https://doi.org/10.3390/ijms222111359. 

[22] Chancharoenthana, W., Kamolratanakul, S., Schultz, M., & 
Leelahavanichkul, A. (2023). The leaky gut and the gut microbiome in 
sepsis – targets in research and treatment. Clinical Science (London, 
England : 1979), 137, 645 - 662. https://doi.org/10.1042/CS20220777. 

[23] Uebanso, T., Shimohata, T., Mawatari, K., & Takahashi, A. (2020). 
Functional Roles of B-Vitamins in the Gut and Gut Microbiome.. 
Molecular nutrition & food research, e2000426 . 
https://doi.org/10.1002/mnfr.202000426. 

[24] Dimidi, E., Cox, S. R., Rossi, M., & Whelan, K. (2019). Fermented 
foods: definitions and characteristics, impact on the gut microbiota and 
effects on gastrointestinal health and disease. Nutrients, 11(8), 1806. 

[25] Martel, J., Chang, S. H., Ko, Y. F., Hwang, T. L., Young, J. D., & 
Ojcius, D. M. (2022). Gut barrier disruption and chronic disease. Trends 
in Endocrinology & Metabolism, 33(4), 247-265 

[26] Lin, K., Zhu, L., & Yang, L. (2022). Gut and obesity/metabolic disease: 
focus on microbiota metabolites. MedComm, 3(3), e171. 

[27] Huang, Y., Wang, Z., Ma, H., Ji, S., Chen, Z., Cui, Z., Chen, J. and 
Tang, S., 2021. Dysbiosis and implication of the gut microbiota in 
diabetic retinopathy. Frontiers in Cellular and Infection Microbiology, 
11, p.646348. 

[28] Amabebe, E., Robert, F.O., Agbalalah, T. and Orubu, E.S., 2020. 
Microbial dysbiosis-induced obesity: role of gut microbiota in 
homoeostasis of energy metabolism. British Journal of Nutrition, 
123(10), pp.1127-1137. 

[29] Milano, W., Carizzone, F., Foia, M., Marchese, M., Milano, M., Saetta, 
B., & Capasso, A. (2022). Obesity and Its Multiple Clinical Implications 
between Inflammatory States and Gut Microbiotic Alterations. Diseases, 
11(1), 7.  

[30] Crovesy, L., Masterson, D., & Rosado, E. (2020). Profile of the gut 
microbiota of adults with obesity: a systematic review. European Journal 
of Clinical Nutrition, 1-12. https://doi.org/10.1038/s41430-020-0607-6. 

[31] Breton, J., Galmiche, M., & Déchelotte, P. (2022). Dysbiotic gut 
bacteria in obesity: an overview of the metabolic mechanisms and 
therapeutic perspectives of next-generation probiotics. Microorganisms, 
10(2), 452. 

[32] Mora-Flores, L., Casildo, R., Fuentes-Cabrera, J., Pérez-Vicente, H., De 
Anda-Jáuregui, G., & Neri-Torres, E. (2023). The Role of Carbohydrate 
Intake on the Gut Microbiome: A Weight of Evidence Systematic 
Review. Microorganisms, 11. 
https://doi.org/10.3390/microorganisms11071728. 

[33] Malesza, I. J., Malesza, M., Walkowiak, J., Mussin, N., Walkowiak, D., 
Aringazina, R., ... & Mądry, E. (2021). High-fat, western-style diet, 
systemic inflammation, and gut microbiota: a narrative review. Cells, 
10(11), 3164. 

[34] Rezende, E. S. V., Lima, G. C., & Naves, M. M. V. (2021). Dietary 
fibers as beneficial microbiota modulators: A proposed classification by 
prebiotic categories. Nutrition, 89, 111217.  



  

6 

 

[35] Liu, H., Zhu, H., Xia, H., Yang, X., Yang, L., Wang, S., ... & Sun, G. 
(2021). Different effects of high-fat diets rich in different oils on lipids 
metabolism, oxidative stress and gut microbiota. Food research 
international, 141, 110078. 

[36] Portincasa, P., Bonfrate, L., Vacca, M., De Angelis, M., Farella, I., 
Lanza, E., ... & Di Ciaula, A. (2022). Gut microbiota and short chain 
fatty acids: implications in glucose homeostasis. International journal of 
molecular sciences, 23(3), 1105.  

[37] Yoo, S., Jung, S., Kwak, K., & Kim, J. (2024). The Role of Prebiotics in 
Modulating Gut Microbiota: Implications for Human Health. 
International Journal of Molecular Sciences, 25. 
https://doi.org/10.3390/ijms25094834. 

[38] Das, T. K., Pradhan, S., Chakrabarti, S., Mondal, K. C., & Ghosh, K. 
(2022). Current status of probiotic and related health benefits. Applied 
Food Research, 2(2), 100185. 

[39] Geng, J., Ni, Q., Sun, W., Li, L., & Feng, X. (2022). The links between 
gut microbiota and obesity and obesity related diseases. Biomedicine & 
Pharmacotherapy, 147, 112678. 

[40] Vetrani, C., Maukonen, J., Bozzetto, L., Della Pepa, G., Vitale, M., 
Costabile, G., Riccardi, G., Rivellese, A., Saarela, M., & Annuzzi, G. 
(2020). Diets naturally rich in polyphenols and/or long-chain n-3 
polyunsaturated fatty acids differently affect microbiota composition in 
high-cardiometabolic-risk individuals. Acta Diabetologica, 57, 853-860. 
https://doi.org/10.1007/s00592-020-01494-9. 

[41] Martin, A. M., Sun, E. W., & Keating, D. J. (2020). Mechanisms 
controlling hormone secretion in human gut and its relevance to 
metabolism. Journal of Endocrinology, 244(1), R1-R15.  

[42] Liu, W., Yang, G., Liu, P., Jiang, X., & Xin, Y. (2022). Modulation of 
adipose tissue metabolism by microbial-derived metabolites. Frontiers in 
Microbiology, 13. https://doi.org/10.3389/fmicb.2022.1031498. 

 


