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ABSTRACT 

The global rise in obesity and diabetes has spotlighted the gut 

microbiome as a potential link between these conditions. Emerging 

evidence suggests that gut microbiota-mediated immune responses 

play a pivotal role in driving chronic inflammation and metabolic 

dysfunction, which are central to the progression of obesity and 

diabetes. This review aims to explore the mechanisms by which gut 

microbiota influences immune responses in obesity and diabetes 

progression, discuss the current evidence connecting gut dysbiosis with 

metabolic inflammation, and evaluate therapeutic interventions 

targeting the gut microbiome. We conducted a narrative review of 

recent studies on gut microbiome composition in obesity, its role in 

modulating immune responses, and its downstream effects on insulin 

resistance and glucose metabolism. Both preclinical and clinical 

findings were assessed. This article is expected to provide a 

comprehensive understanding of the gut microbiome’s role in obesity  
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and diabetes, highlighting its contribution to immune-mediated chronic inflammation and 

metabolic dysfunction. It will also outline promising therapeutic strategies and identify gaps 

for future research, paving the way for microbiome-targeted interventions in managing 

metabolic diseases. 

 

1. INTRODUCTION 

Obesity, Diabetes, and the Gut Microbiome 

The global burden of obesity and diabetes is rising at an alarming rate, significantly 

contributing to morbidity and mortality across populations. Obesity is a key risk factor for the 

development of type 2 diabetes mellitus (T2DM), and together these conditions are major 

public health concerns. Effective approaches must integrate lifestyle changes, 

pharmacotherapy, and public health interventions to mitigate the escalating incidence of 

obesity-related diabetes. 

 

The escalating global burden of obesity and diabetes presents significant health challenges 

that vary geographically and demographically. Recent systematic reviews and meta-analyses 

underscore the alarming prevalence of obesity as a principal contributor to the development 

of type 2 diabetes mellitus (T2DM). For instance, two meta-analyses have provided 

compelling data indicating that the prevalence of obesity has reached epidemic levels, 

impacting over 1.9 billion adults globally, with associated diabetes prevalence estimated at 

approximately 415 million individuals, primarily characterized as T2DM, which accounts for 

over 90% of diagnosed cases of diabetes worldwide.
[1,2]

 

 

Obesity, defined by a body mass index (BMI) ≥30, leads to a cascade of metabolic 

dysfunctions, primarily through insulin resistance and inflammation, factors intricately linked 

to the pathogenesis of T2DM.
[1,2] 

Klein et al.
[3]

 elucidate the complex cellular mechanisms 

wherein excessive adipose tissue disrupts metabolic homeostasis—resulting in impaired 

insulin signaling and beta-cell dysfunction. The connection is so profound that obesity is now 

recognized as a critical factor exacerbating T2DM progression, emphasizing the need for 

targeted interventions focusing on weight management. 

 

Geographic variations pertain to obesity and diabetes prevalence; for instance, recent data 

reveals that regions with higher socio-economic statuses exhibit differing incidences of 

diabetes-related complications, heavily influenced by lifestyle factors rooted in dietary habits 

and physical activity levels.
[4,5]

 In the United States, the increase in obesity-related diseases 
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prompts reconsideration of public health strategies, where lifestyle interventions historically 

have garnered mixed results regarding long-term efficacy.
[5,6]

 The difficulty in maintaining 

weight loss through lifestyle modifications alone necessitates the exploration of 

pharmacological solutions. Semaglutide, a glucagon-like peptide-1 (GLP-1) receptor agonist, 

has emerged as an effective pharmacotherapy for reducing weight in obese patients and has 

also shown promise in improving glycemic control among patients with T2DM, 

demonstrating a significant 20% reduction in major cardiovascular events when used in 

conjunction with lifestyle modification.
[7]

 

 

As the evidence accumulates, there exists a pressing need to reframe obesity not merely as a 

consequence of individual lifestyle choices but as a public health priority mandating multi-

faceted interventions. Barriers such as socio-economic disparities and healthcare access 

require targeted policies focused on promoting healthier environments conducive to lifestyle 

transformations. Additionally, public education campaigns emphasizing nutrition, physical 

activity, and the significance of timely diabetes screening present pivotal elements in 

addressing the dual burden of obesity and diabetes.
[8,9]

 

 

The systemic nature of obesity-comorbidities necessitates coordinated efforts involving 

nutrition, behavioral health, and medical leadership. The intersection of diabetes and obesity 

illustrates that addressing one entails an urgent response to the other. Multifactorial strategies, 

including community-level interventions that modify the socio-ecological framework 

influencing obesity, will be critical in reversing the trends contributing to the rising burden of 

metabolic diseases globally.
[10]

 

 

Obesity and Type 2 Diabetes (T2DM) are linked, with obesity causing both precursors and 

exacerbators of diabetes-related complications. With over 2 billion overweight adults and 650 

million obese, lifestyle modifications and medical management are crucial. Emerging 

therapies like semaglutide offer promising treatments. Addressing obesity and diabetes 

requires a shift in public health strategy, community engagement, and a holistic 

understanding of lifestyle, metabolism, and environmental influences. 

 

Interplay between gut microbiota and immunity  

The gut microbiota composition significantly influences immune responses in metabolic 

diseases, with specific taxa being associated with inflammation, insulin resistance, and 
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metabolic dysfunctions. Studies indicate that alterations in gut microbiota can lead to 

dysbiosis, exacerbating conditions such as obesity, diabetes, and other metabolic disorders. 

The interplay between gut microbiota and immune responses in metabolic diseases has 

garnered considerable attention over recent years. The dysbiotic state of gut microbiota has 

been implicated in various metabolic conditions, evidenced by the systematic reviews 

examined. 

 

Notably, Salles et al. (2020) conducted a systematic review of 27 interventions involving 

probiotics' effects on insulin resistance. They highlighted that while animal studies generally 

showed significant improvements in insulin resistance, human trials yielded mixed results, 

with only five of seven randomized clinical trials showing beneficial effects. This variation 

underscores the complexity of gut microbiota interactions in metabolic regulation; significant 

differences were observed in the response based on the individual’s baseline microbiome 

composition and dietary habits.
[11]

 

 

In a systematic review by Cortijo-Alfonso et al. (2024), 16 randomized controlled trials, with 

a total of 1,091 individuals, assessed the effects of barley and oat consumption on immune 

responses and gut microbiota. The analysis found that whole grains positively influenced gut 

microbiota composition and exhibited anti-inflammatory effects particularly in metabolically 

at-risk populations, further substantiating the connection between dietary fiber intake, gut 

microbiota, and immune modulation.
[12]

 

 

Chibuye et al. (2024) explored the associations between gut microbiome composition and 

stunting in children under five, synthesizing data from 14 studies across various low- and 

middle-income countries. They found that children with stunting exhibited a dysbiotic 

microbiota profile characterized by high levels of pathobionts and reduced butyrate-

producing bacteria, which are crucial for immune regulation and health.
[13]

 This suggests that 

malnutrition's influence on gut microbiota composition may exacerbate developmental 

immune deficiencies. 

 

The role of short-chain fatty acids (SCFAs) produced by gut microbes in mediating gut-brain 

interactions is further stressed by Moțățăianu et al. (2023), linking SCFAs to various 

physiological processes including inflammation and insulin sensitivity. They indicated that 

dietary components fostering diverse microbial populations could potentially mitigate 

neurodegenerative and metabolic disorders through SCFA production.
[14]
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A growing body of evidence suggests that certain microbial taxa, specifically Akkermansia 

muciniphila and Faecalibacterium prausnitzii, are associated with healthier metabolic 

outcomes. Studies have shown that these taxa can regulate intestinal barrier function and 

modulate inflammatory responses, thus playing protective roles against metabolic diseases. 

For instance, Badal et al. (2020) highlighted that age-associated alterations in microbiota 

included increased levels of beneficial microbes producing SCFAs, which could potentially 

offset metabolic deterioration.
[15]

 

 

Calero-Medina et al. (2023) illustrated how endocrine disruptors could induce microbiota 

dysbiosis, further impairing metabolic health via immune modulation. Their systematic 

review underscored the link between environmental exposures and gut health, emphasizing 

the potential for these chemicals to exacerbate existing metabolic disorders.
[16]

 

 

Haneishi et al. (2023) noted the critical nature of gut microbiota in the pathogenesis of 

inflammatory bowel diseases, which often overlap with metabolic disorders, highlighting the 

need for a nuanced understanding of microbiota contributions to metabolic dysregulations.
[17]

 

 

The current literature collectively suggests that gut microbiota influence immune responses 

that can either mitigate or exacerbate metabolic diseases. The dysbiosis observed across 

various studies implies a multifaceted interaction between diet, microbial communities, and 

host immune function, warranting further investigation into potential therapeutic strategies 

targeting the gut microbiome to ameliorate metabolic diseases. 

 

In summary, the relationship between gut microbiota composition and immune responses in 

metabolic diseases is complex and multifactorial. Emerging evidence suggests that microbial 

diversity and specific taxa play critical roles in modulating immunity and metabolic 

functions. Dysbiosis can lead to persistent inflammation and metabolic dysfunctions, 

indicating potential therapeutic avenues for dietary and probiotic interventions. Future 

research must focus on elucidating the causative mechanisms and longitudinal effects of 

microbiome modulation in diverse populations to develop tailored strategies for metabolic 

disease management. 

 

1. Gut Microbiome Dysbiosis in Obesity 

Gut dysbiosis in obesity is characterized by reduced microbial diversity and altered 

composition, particularly a decrease in beneficial taxa such as Firmicutes and 
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Bifidobacterium, alongside an increase in potentially harmful taxa like Proteobacteria. 

Evidence suggests links between gut dysbiosis, inflammation, and metabolic dysfunction, 

necessitating further investigation into therapeutic strategies that target microbial imbalances. 

 

The investigation of gut dysbiosis in obesity is crucial given its implications for metabolic 

health. The examined literature delineates clear associations between obesity and specific 

shifts in gut microbiota composition, predominantly characterized by reduced diversity and 

alterations in dominant microbial populations. A notable systematic review reported a 

significant decrease in microbial diversity (α-diversity) among obese individuals compared to 

their healthy counterparts.
[18]

 This is pivotal since lower diversity is often correlationally 

linked to obesity-related disorders, including metabolic syndrome and type 2 diabetes 

mellitus. 

 

The systematic review by Seganfredo et al. provided a comprehensive analysis of 43 studies 

investigating various weight-loss interventions, such as dietary modifications and bariatric 

surgery. The analysis revealed that restrictive dietary practices often led to a decline in 

beneficial phyla, particularly the butyrate-producing Firmicutes, which are crucial for 

maintaining gut health.
[19]

 In contrast, post-bariatric surgery observations pointed towards 

increased microbial diversity and a shift towards a healthier gut microbiome profile, 

underscoring the potential reversibility of dysbiosis through surgical interventions.
[18]

 

 

Further, specific bacterial taxa were implicated in metabolic health outcomes in an extensive 

review concerning the gut microbiota and physical exercise in obesity and diabetes.
[20,21]

 This 

review corroborated findings of increased Bifidobacteria and Akkermansia genera post-

exercise, which were associated with improved metabolic profiles, thereby linking physical 

activity directly to microbial health modifications. 

 

The meta-analysis by Ojo et al. noted the importance of dietary fiber, revealing that increased 

consumption leads to higher populations of beneficial microbes like Bifidobacterium, 

highlighting the integral role of diet in modulating dysbiosis.
[22]

 The strong statistical 

difference (p < 0.01) between dietary fiber and placebo groups emphasizes the potential of 

dietary strategies in correcting dysbiosis. 

 

Emerging evidence has also pointed towards the role of food additives as disruptors of gut 

microbiota equilibrium, which may exacerbate the conditions leading to dysbiosis.
[23]

 The 
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systematic review by Singh et al. suggested that specific additives could instigate 

inflammation and interfere with microbial diversity, implicating a dietary quality aspect in 

the dysbiotic state associated with obesity. 

 

Moreover, several studies have highlighted metabolic consequences stemming from 

dysbiosis, with alterations in short-chain fatty acid (SCFA) production as a common 

biochemical consequence of pathological gut microbiota compositions. SCFAs like butyrate 

are considered protective against obesity-related metabolic disorders, as they play integral 

roles in regulating inflammation and glucose metabolism.
[24,25]

 

 

In critically assessing the quality of the evidence, the systematic reviews displayed high 

levels of evidence (Level I and II) due to their extensive data collection and methodological 

rigor, primarily utilizing PRISMA guidelines for systematic searches. However, some 

individual studies still lack the depth of longitudinal data, raising concerns regarding the 

causality between dysbiosis and weight gain. 

 

The integration of findings from the examined literature elucidates a cohesive understanding 

of gut dysbiosis in obesity, marked by diminished microbial diversity and shifts towards 

pathogenic taxa. The substantial evidence correlating lower diversity with obesity-related 

health issues signals a pressing need for interventions targeting gut microbiota rebalancing. 

Strategies such as dietary modifications emphasizing fiber intake, physical activity 

engagement, and possibly the implementation of prebiotics and probiotics could provide 

avenues for therapeutic interventions. 

 

Moreover, the acknowledgement of the negative influences of processed food additives on 

gut microbiota diversity necessitates public health initiatives focused on improving dietary 

choices among populations at risk for obesity. The dynamic interplay between diet, physical 

activity, and microbial health warrants continued research to uncover precise mechanisms 

underlying these relationships. 

 

Understanding how therapeutic strategies could not only mitigate the dysbiotic state but also 

offer protection against weight gain and metabolic disturbances could pave the way for novel 

interventions in obesity management. Future research needs to focus on robust clinical trials 

that explore the efficacy of microbiota-targeted therapies in treating obesity and its comorbid 

conditions. 
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2. Immune Responses Mediated by Gut Microbiota 

The relationship between gut microbiota and immune responses has garnered increased 

attention, particularly in light of the findings regarding the gut-microbiota-brain axis and its 

implications for both physical and mental health.
[26,27]

 For instance, the recent systematic 

review by Fan et al. (2023) establishes a robust link between dietary nutrients, gut microbiota 

composition, and host immune function. Their investigation presents compelling evidence 

that alterations in dietary intake can significantly modulate gut microbiota diversity and, in 

turn, influence disease patterns related to immune-mediated conditions.
[26]

 They highlight that 

a more diverse microbiota is generally associated with improved immune responses, 

suggesting that diet should be considered as a primary intervention point for enhancing gut 

microbiota health. 

 

Further, the systematic review by Qiu et al. (2022) provides insight into the mechanisms 

through which gut microbiota dysfunction contributes to chronic conditions such as 

inflammatory bowel disease (IBD). IBD is characterized by dysregulation of the immune 

response, leading to inflammation and damage in the gastrointestinal tract. The authors 

synthesize evidence indicating that dysbiosis—characterized by an imbalance of microbial 

populations—can exacerbate disease via increased intestinal permeability and enhanced 

immune activation.
[28]

 The review includes data from over 26 studies, underscoring the 

importance of this relationship in IBD pathogenesis. 

 

The role of exercise-induced stress on gut microbiota and the associated psychobiotic effects 

is explored in Clark and Mach’s 2016 systematic review, which outlines the significant 

interaction between physical stress, dietary influences, and gut microbiota alterations, 

demonstrating a clear feedback loop affecting immune responses.
[27]

 The psychological 

impact of dysbiosis, including its potential to influence mood and behavior through 

inflammatory pathways, is reinforced in the findings of Barrio et al. (2022), who discuss the 

gut-brain axis and its implication in neuropsychiatric disorders, thereby indicating a bi-

directional relationship between gut health and systemic immunity.
[29]

 

 

Moreover, the implications of investigating prebiotics, probiotics, and dietary fiber are 

emphasized as potential therapeutic strategies for restoring microbiota balance and enhancing 

immune response. For example, studies demonstrate that probiotics can alter gut microbiota 

composition favorably and lead to improved clinical outcomes in conditions such as 

anxiety.
[30]
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Taken together, the current body of evidence from systematic reviews demonstrates that gut 

microbiota not only reflects individual health status but plays an intrinsic role in modulating 

immune responses across a spectrum of diseases, including metabolic syndrome, 

neurodegeneration, and autoimmune disorders. 

 

The synthesis of remaining literature underscores the pivotal role gut microbiota plays in 

regulating immune responses and maintaining homeostasis. Dysbiosis is consistently 

associated with a myriad of immune-related health issues, highlighting the need for 

interventions that can restore microbial balance. Both dietary adjustments and targeted 

therapeutic interventions, such as fecal microbiota transplantation, are proposed as viable 

strategies for mitigating dysbiosis and enhancing host immunity. Moving forward, the 

integration of microbiome-focused approaches into conventional treatment modalities could 

revolutionize the management of immune-mediated diseases. 

 

3. Linking Gut Microbiome to Insulin Resistance and Diabetes Progression 

The gut microbiome, which consists of trillions of microorganisms residing in our intestines, 

plays a crucial role in human health, particularly in metabolic processes. Recent research has 

increasingly focused on the link between the gut microbiome and the development of insulin 

resistance and type 2 diabetes mellitus (T2DM). Insulin resistance is a state in which the 

body’s cells do not respond well to insulin, resulting in elevated blood glucose levels, which 

is a hallmark of T2DM. The interplay between gut microbiota and diabetes offers potential 

insights into novel therapeutic strategies for managing and preventing T2DM. 

 

Emerging evidence suggests that dysbiosis, or an imbalance in the gut microbial community, 

is closely associated with insulin resistance and T2DM. Studies have documented that the 

composition of gut microbiota differs significantly between individuals with T2DM and those 

with normal glucose tolerance. For instance, individuals with T2DM often show reduced 

diversity in their gut microbiota, alongside higher levels of certain bacterial taxa such as 

Firmicutes and a decrease in beneficial species like Bacteroidetes and Faecalibacterium 

prausnitzii.
[31,32]

 This dysbiosis may contribute to chronic inflammation and impaired 

metabolism, reinforcing the cycle of insulin resistance.
[33,34]

 

 

Notably, specific gut bacteria have been implicated in modulating the metabolism of short-

chain fatty acids (SCFAs), which are pivotal in maintaining insulin sensitivity. Increased 

SCFA production, often linked to higher dietary fiber intake, can enhance the secretion of 
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hormones like glucagon-like peptide-1 (GLP-1) that improve glucose metabolism.
[35,36]

 

Furthermore, certain strains such as Bifidobacterium and Akkermansia muciniphila have 

demonstrated protective effects against insulin resistance, suggesting that probiotics could be 

a viable strategy for T2DM management.
[37,38]

 

 

The impact of diet on gut microbiota composition is also significant. Diets high in fiber and 

low in sugars and fats have promoted beneficial changes in the gut flora, leading to improved 

metabolic health outcomes.
[39,40]

 For example, systematic reviews have confirmed that dietary 

interventions increasing fiber intake can foster a gut microbiome that supports better glucose 

control and lower insulin resistance.
[41]

 Additionally, emerging studies suggest the potential 

role of dietary patterns, such as the Mediterranean diet, in positively influencing gut health 

and metabolic parameters in individuals with T2DM.
[42]

 

 

Moreover, the relationship between gut microbiota and T2DM is bidirectional. While 

dysbiosis can promote the onset of T2DM, diabetes itself can further alter the gut 

microbiome. Insulin resistance may lead to metabolic changes that affect the composition and 

function of gut bacteria, creating a self-perpetuating cycle of worsening metabolic health.
[43]

 

This complex relationship underlines the need for interventions targeting both microbial 

health and metabolic function. 

 

Overall, gut microbiota offers a promising area for research aimed at understanding the 

pathogenesis of T2DM and developing targeted treatments. Future studies and clinical trials 

focused on manipulating the gut microbiome through dietary changes, prebiotics, probiotics, 

and possibly fecal microbiota transplantation are needed to validate these findings and 

explore their therapeutic potential.
[44,45]

 

 

While progress has been made in characterizing the links between gut microbiota and insulin 

resistance, significant gaps remain in our understanding of the specific mechanisms involved. 

Further research is required to elucidate the networks between different microbial taxa, their 

metabolic pathways, and their impact on human physiology under varying dietary and health 

conditions. As knowledge in this area expands, it may facilitate the development of 

innovative preventive and treatment strategies for T2DM. 
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Future Directions 

The relationship between gut microbiota composition and metabolic diseases is complex, 

with the exact mechanisms being unclear. Future research should focus on understanding the 

specific microbial metabolites and immune pathways contributing to insulin resistance and 

chronic inflammation. Long-term cohort studies are essential to establish temporal 

relationships and causative links, which could inform the development of predictive 

biomarkers for disease onset and progression. Personalized therapeutic approaches targeting 

the microbiome may enhance treatment efficacy, such as dietary modifications, probiotics, or 

microbiota transplants tailored to a person's unique microbiome. Integrating genomics, 

transcriptomics, metabolomics, and metagenomics data can provide a holistic understanding 

of host-microbiome interactions, potentially identifying novel therapeutic targets and 

biomarkers for metabolic diseases. Additionally, exploring gut-brain axis interactions could 

reveal new intervention points for obesity and diabetes. Overall, understanding the complex 

relationship between gut microbiota and metabolic diseases is crucial for effective 

management strategies. 

 

Limitations 

1. Complexity of Microbiome Composition: The vast diversity and dynamic nature of the 

gut microbiome pose challenges in identifying specific microbial species or communities 

responsible for metabolic effects. Standardizing methodologies for microbiome analysis 

and interpretation is crucial to advance the field. 

2. Inter-Individual Variability: Differences in genetics, diet, environment, and lifestyle 

among individuals lead to significant variability in gut microbiota composition and 

function. This heterogeneity complicates the development of universal therapeutic 

strategies and underscores the need for personalized approaches. 

3. Translational Challenges: Findings from animal models may not always be directly 

applicable to humans due to species-specific differences in microbiota and immune 

system interactions. Bridging this gap requires well-designed human studies to validate 

preclinical results. 

4. Potential Confounding Factors: Factors such as diet, medication use (e.g., antibiotics), 

and comorbid conditions can influence both gut microbiota composition and metabolic 

health, making it challenging to isolate the effects of the microbiome itself. Careful study 

design and control of confounding variables are essential in research. 
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Addressing these future directions and limitations will enhance our understanding of the gut 

microbiome's role in obesity and diabetes, paving the way for innovative and effective 

therapeutic strategies. 

 

CONCLUSION 

The intricate interplay between the gut microbiome, immune responses, and metabolic health 

highlights the pivotal role of gut-immune-metabolic crosstalk in the progression of obesity to 

type 2 diabetes. Alterations in the gut microbiome associated with obesity lead to immune 

dysregulation, low-grade systemic inflammation, and metabolic dysfunction, all of which 

contribute to insulin resistance and β-cell impairment. Microbial metabolites, such as short-

chain fatty acids and lipopolysaccharides, act as key mediators in these processes, either 

exacerbating or mitigating inflammation and metabolic disturbances. 

 

Understanding these mechanisms not only deepens our knowledge of diabetes pathogenesis 

but also opens avenues for innovative therapeutic interventions. Strategies such as 

modulating the gut microbiome with probiotics, prebiotics, dietary changes, and fecal 

microbiota transplantation hold promise in restoring microbial balance and improving 

metabolic outcomes. However, significant challenges remain, including the complexity of 

individual microbiomes, the need for personalized interventions, and the translation of 

findings from research to clinical practice. 

 

Future studies should aim to unravel the precise molecular pathways linking the gut 

microbiome to immune and metabolic dysfunction, develop predictive biomarkers for 

diabetes progression, and design targeted therapies tailored to individual microbiome profiles. 

By addressing these gaps, we can harness the therapeutic potential of the gut microbiome to 

combat the global burden of obesity and diabetes effectively. 
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