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ABSTRACT 

The gut microbiome plays a pivotal role in maintaining host metabolic homeostasis, immune function, and 
intestinal integrity. Dysbiosis being an imbalance in the microbial ecosystem, has been implicated in the 
pathogenesis of metabolic diseases such as obesity and type 2 diabetes mellitus (T2DM), as well as colorectal 
cancer (CRC). Emerging evidence reveals intricate crosstalk among these conditions, suggesting that 
microbiome alterations act as a shared mechanistic link. In obesity and T2DM, gut microbial changes promote 
chronic inflammation, insulin resistance, and metabolic endotoxemia through increased production of 
lipopolysaccharide (LPS) and decreased short-chain fatty acids (SCFAs). These same alterations influence 
colorectal carcinogenesis by disrupting epithelial barrier function, modulating oncogenic signaling, and altering 
bile acid metabolism. Moreover, gut microbial-derived metabolites can affect epigenetic regulation and immune 
responses, fostering a tumor-promoting microenvironment. Understanding these interrelationships offers novel 
insights into disease pathophysiology and highlights the therapeutic potential of microbiota-targeted 
interventions, including probiotics, prebiotics, dietary modulation, and fecal microbiota transplantation (FMT). 
This review explores the current evidence linking gut microbiome dysbiosis to the obesity-diabetes-CRC axis 
and discusses future directions for research and therapy. 
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INTRODUCTION 

The human gastrointestinal tract is home to a vast and complex community of microorganisms collectively 
known as the gut microbiota[1–4]. This diverse microbial population includes bacteria, archaea, viruses, fungi, 
and protozoa, with bacteria forming the dominant component. Far from being mere passengers in the human 
body, these microorganisms contribute significantly to various physiological processes[5–8]. They play a 
pivotal role in nutrient metabolism, synthesis of essential vitamins, protection against pathogenic organisms, 
maintenance of gut barrier function, and regulation of the host immune system. The intricate interactions 
between these microbes and their human host are essential for maintaining health and homeostasis[5]. 
In healthy individuals, the gut microbiota displays a relatively stable composition dominated by beneficial 
microbes such as Faecalibacterium prausnitzii, Bifidobacterium, and Lactobacillus. However, this equilibrium can be 
disrupted by several factors, including poor dietary habits, sedentary lifestyle, stress, infections, aging, and the 
use of medications—especially antibiotics[5, 9]. This disruption leads to a state known as gut dysbiosis, 
characterized by reduced microbial diversity, loss of beneficial bacteria, and overgrowth of potentially harmful 
microorganisms[10, 11]. Dysbiosis has been implicated in the pathogenesis of various chronic diseases, 
including metabolic syndrome, autoimmune disorders, and cancer[11]. 
Obesity and type 2 diabetes mellitus (T2DM) represent two of the most significant public health challenges of 
the 21st century[12–15]. Both conditions are increasing at alarming rates globally, largely driven by dietary 
excesses, physical inactivity, and other lifestyle changes associated with urbanization and economic 
development. These metabolic disorders are marked by insulin resistance, chronic low-grade inflammation, and 
altered energy homeostasis [16, 17]. Interestingly, growing evidence has highlighted profound changes in the 
gut microbiota in individuals with obesity and T2DM, suggesting that microbial imbalances may contribute 
directly to metabolic dysregulation[12]. 
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Colorectal cancer (CRC) is another major health burden, ranking among the most prevalent malignancies and 
leading causes of cancer-related deaths worldwide[18–20]. While genetic predisposition and environmental 
exposures are well-established risk factors, recent studies have increasingly recognized the role of the gut 
microbiome in CRC development. Certain bacterial species, such as Fusobacterium nucleatum and Bacteroides 
fragilis, have been shown to promote colorectal carcinogenesis through various mechanisms, including 
inflammation, genotoxicity, and modulation of host signaling pathways[21]. 
Remarkably, obesity, T2DM, and CRC are often interconnected not only epidemiologically but also 
mechanistically[22, 23]. Individuals with obesity and diabetes have a significantly increased risk of developing 
CRC, and these associations appear to be mediated, at least in part, by common pathways involving gut microbial 
dysbiosis. Inflammation, immune dysregulation, altered metabolite production, and impaired gut barrier 
function are central features that link these three conditions[24, 25]. 
Recent scientific advances suggest that dysbiosis acts as a key driver in this interconnected disease network[10, 
11]. The gut microbiota may serve as a common etiological factor that simultaneously affects metabolic and 
oncogenic pathways. This realization opens up new avenues for understanding the pathogenesis of these 
conditions from a microbial perspective and also suggests that microbiome-targeted strategies such as dietary 
interventions, probiotics, prebiotics, and fecal microbiota transplantation could serve as novel preventive and 
therapeutic approaches. In this review, we aim to unravel the complex relationship between gut microbiome 
dysbiosis, metabolic disorders (obesity and T2DM), and colorectal cancer. We will explore the compositional 
and functional changes in the gut microbiota associated with these conditions, elucidate the mechanisms through 
which these microbial shifts contribute to disease development and progression, and discuss the clinical 
implications of these findings. By understanding the shared microbial underpinnings of these diseases, we can 
pave the way for more integrated and personalized medical approaches that target the microbiome to enhance 
health and prevent chronic disease. 

2. Gut Microbiome in Health and Dysbiosis in Disease 
In its healthy state, the human gut microbiome performs a multitude of vital functions. It facilitates digestion 
by fermenting indigestible carbohydrates and synthesizing essential nutrients and bioactive metabolites, such 
as short-chain fatty acids (SCFAs), namely butyrate, propionate, and acetate[26, 27]. These SCFAs are crucial 
for maintaining intestinal homeostasis. Butyrate, for example, serves as the primary energy source for 
colonocytes and has potent anti-inflammatory and anti-carcinogenic properties. Propionate and acetate, on the 
other hand, influence lipid metabolism, glucose homeostasis, and satiety signaling by acting on peripheral tissues 
and the central nervous system[28, 29]. 
Beyond its metabolic roles, the microbiome also supports the structural integrity of the intestinal barrier[30]. 
A robust epithelial barrier ensures that gut contents remain confined within the lumen, preventing the 
translocation of harmful substances into the systemic circulation. Moreover, the gut microbiota educates and 
modulates the immune system, fostering tolerance to non-pathogenic microbes and food antigens while 
mounting effective responses against pathogens[30]. When this balanced microbial community is disrupted, a 
condition referred to as dysbiosis, the consequences can be far-reaching. Dysbiosis often manifests as a reduction 
in microbial diversity and the depletion of beneficial bacteria such as Faecalibacterium prausnitzii[10]. 
Concurrently, there is an overgrowth of opportunistic pathogens, including Escherichia coli and Fusobacterium 
nucleatum. This shift in microbial composition results in a significant decline in SCFA production, especially 
butyrate, which weakens the epithelial barrier and diminishes its anti-inflammatory defense mechanisms[11]. 
As the intestinal barrier becomes compromised, it becomes more permeable, a condition often referred to as 
“leaky gut.” This allows microbial-derived toxins and components such as lipopolysaccharide (LPS) to enter the 
bloodstream[31]. LPS is a potent endotoxin found in the outer membrane of Gram-negative bacteria and a 
known activator of the immune system. Its presence in systemic circulation leads to the activation of Toll-like 
receptor 4 (TLR4) on immune cells, initiating a cascade of inflammatory responses. This low-grade chronic 
inflammation is a central feature in the pathophysiology of obesity and T2DM, contributing to insulin resistance 
and further metabolic dysfunction[32]. 
Dysbiosis also alters bile acid metabolism and impairs the production of incretins like glucagon-like peptide-1 
(GLP-1), which regulate insulin secretion and appetite. These disruptions exacerbate weight gain, glucose 
intolerance, and lipid abnormalities[33]. The increased energy harvest capacity observed in dysbiotic 
microbiota further compounds obesity risk by extracting more calories from the diet than a healthy microbiome 
would. In the case of colorectal cancer, gut dysbiosis contributes to carcinogenesis through multiple overlapping 
mechanisms[18, 22]. Certain bacterial strains, such as Fusobacterium nucleatum, have been found to infiltrate 
colorectal tumors and directly interact with host cells, promoting proliferation and resistance to immune 
clearance. Others, like enterotoxigenic Bacteroides fragilis and Escherichia coli strains harboring the pks island, 
produce genotoxins such as colibactin that induce DNA damage in epithelial cells. Chronic inflammation partly 
fueled by microbial products further accelerates tumor initiation and progression by creating a 
microenvironment that favors neoplastic transformation[34, 35]. 
Additionally, dysbiosis disrupts immune regulation within the tumor microenvironment. It skews the balance 
between regulatory T cells and pro-inflammatory Th17 cells, enhances tumor angiogenesis, and affects the 
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recruitment and function of immune surveillance cells such as cytotoxic T lymphocytes and natural killer 
cells[11, 36]. This immunological imbalance supports tumor growth and evasion from immune destruction. 
Overall, the transition from a balanced to a dysbiotic gut microbiome sets off a cascade of detrimental effects 
that span metabolic and oncogenic pathways. By compromising intestinal integrity, promoting systemic 
inflammation, altering host metabolism, and fostering carcinogenesis, dysbiosis becomes a shared underlying 
factor in obesity, T2DM, and colorectal cancer. Understanding these processes offers valuable insights for 
developing microbiome-targeted interventions to restore gut health and prevent chronic disease. 

3. Gut Microbiome and Obesity 

Obesity is increasingly recognized as a condition intricately linked to gut microbiota dysbiosis, characterized by 
significant alterations in microbial composition and function. One of the most consistent findings in obese 
individuals is an increased Firmicutes-to-Bacteroidetes ratio, which is believed to enhance the capacity for 
energy harvest from the diet[37]. This microbial shift facilitates the breakdown of otherwise indigestible 
polysaccharides into short-chain fatty acids (SCFAs), which can be absorbed and stored by the host, contributing 
to increased caloric availability and fat deposition. Additionally, obese individuals tend to have reduced microbial 
diversity, a feature associated with metabolic dysfunction and chronic disease risk[37, 38]. 
Another critical component of obesity-related dysbiosis involves increased intestinal permeability, commonly 
referred to as a "leaky gut." This phenomenon allows gut-derived endotoxins such as lipopolysaccharide (LPS) 
to translocate from the intestinal lumen into the systemic circulation[39]. The result is a condition known as 
metabolic endotoxemia, characterized by chronic low-grade inflammation that contributes to the development 
of insulin resistance and adipose tissue dysfunction[39]. Adipocytes exposed to this inflammatory milieu become 

hypertrophic and dysfunctional, secreting pro-inflammatory cytokines such as TNF-α and IL-6, which further 
impair insulin signaling pathways. 
Furthermore, the gut microbiota influences bile acid metabolism, which is markedly altered in obesity. Bile acids 
are not only important for lipid emulsification and absorption but also act as signaling molecules that regulate 
glucose and lipid homeostasis via nuclear receptors like FXR and TGR5[40]. In obesity, the shift in microbial 
composition disrupts bile acid deconjugation and transformation, leading to impaired signaling and metabolic 
regulation. This disruption contributes to systemic metabolic imbalances that exacerbate weight gain and 
insulin resistance[40]. 
Collectively, these alterations microbial composition shifts, enhanced energy harvest, increased gut 
permeability, inflammation, and disrupted bile acid metabolism—create a complex interplay between the gut 
microbiome and host metabolism. This complex relationship makes the gut microbiota a potential target for 
therapeutic intervention in obesity. Modulation of the gut microbiota through prebiotics, probiotics, dietary 
interventions, and even fecal microbiota transplantation (FMT) holds promise in reshaping the microbial 
landscape to restore metabolic balance and aid in the prevention or treatment of obesity and its associated 
complications. 

4. Gut Microbiome and Type 2 Diabetes Mellitus 

Type 2 diabetes mellitus (T2DM) is a multifactorial metabolic disorder characterized by insulin resistance and 
hyperglycemia, both of which have been increasingly linked to alterations in the gut microbiome[41]. Dysbiosis 
in T2DM involves a shift in microbial composition that contributes to systemic inflammation, impaired glucose 
homeostasis, and altered lipid metabolism[41]. One key feature observed in diabetic individuals is the reduced 
production of short-chain fatty acids (SCFAs), particularly butyrate, which plays an essential role in maintaining 
intestinal barrier integrity and regulating glucose and insulin sensitivity. Lower levels of SCFA-producing 
bacteria such as Roseburia and Faecalibacterium prausnitzii have been consistently reported in individuals with 
T2DM, leading to impaired gut function and metabolic control[42]. 
In addition, T2DM-associated dysbiosis is characterized by an increased abundance of bacteria that produce 
branched-chain amino acids (BCAAs), such as Prevotella and Bacteroides species. Elevated BCAA levels are 
strongly correlated with insulin resistance and have been implicated in the disruption of insulin signaling 
pathways[43]. These metabolites, alongside microbial-derived endotoxins like LPS, contribute to systemic low-

grade inflammation, a major driver of insulin resistance and pancreatic β-cell dysfunction. The gut microbiome 
also affects bile acid metabolism in T2DM. Dysregulated microbial conversion of primary to secondary bile acids 
interferes with receptor-mediated signaling pathways such as FXR and TGR5, which are vital in regulating 
glucose and lipid metabolism[43]. Impaired bile acid signaling further contributes to metabolic disturbances 
and insulin resistance. Moreover, microbial imbalance affects gut-derived hormones like GLP-1 and PYY, both 
of which influence insulin secretion, satiety, and energy expenditure. 
Metagenomic and metabolomic studies have revealed unique microbial signatures in T2DM patients. For 
example, an increase in opportunistic pathogens such as Ruminococcus species and a decrease in beneficial 
microbes like Akkermansia muciniphila have been observed. These findings suggest that specific microbial 
profiles may serve as diagnostic markers or therapeutic targets in diabetes management[44]. The cumulative 
effect of these microbial disruptions is a hostile metabolic environment that exacerbates insulin resistance and 
hyperglycemia[44]. As such, therapeutic strategies aimed at restoring microbial balance, including dietary 
modification, prebiotics, probiotics, synbiotics, and FMT, are being explored as adjuncts in the prevention and 
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treatment of T2DM. Understanding and manipulating the gut microbiome represents a promising avenue for 
controlling the progression of this global epidemic. 

5. Gut Microbiome and Colorectal Cancer 
Colorectal cancer (CRC) is a complex disease influenced by genetic, dietary, environmental, and increasingly, 
microbial factors[45]. The gut microbiome plays a crucial role in colorectal carcinogenesis through its impact 
on inflammation, immune regulation, and genotoxicity. Dysbiosis, or imbalance in the gut microbial community, 
is frequently observed in CRC patients and is believed to contribute to tumor initiation, promotion, and 
progression. One of the key mechanisms through which the microbiota influences CRC is inflammation[45]. 
Certain pathobionts, such as Fusobacterium nucleatum, have been shown to activate oncogenic pathways like NF-

κB and β-catenin signaling, leading to a pro-inflammatory and proliferative environment conducive to tumor 
growth[46]. Moreover, specific microbial species such as genotoxic strains of Escherichia coli produce toxins 
like colibactin that directly damage host DNA, initiating mutations that drive tumorigenesis[46]. These 
bacterial genotoxins impair DNA repair mechanisms and enhance genomic instability, key features of cancer 
development. In addition to promoting DNA damage, dysbiotic microbiota contribute to immune evasion. 
Microbiota-derived metabolites such as secondary bile acids and polyamines can suppress antitumor immune 
responses by modulating regulatory T cells, dendritic cells, and tumor-associated macrophages, creating an 
immune-suppressive microenvironment that facilitates tumor survival and growth[46, 47]. 
The influence of microbial metabolites extends to epigenetic regulation. SCFAs like butyrate and propionate 
can affect histone acetylation and methylation, thereby altering gene expression in epithelial cells. While 
butyrate is generally considered protective due to its anti-inflammatory and apoptotic properties in colonocytes, 
its effects may be context-dependent and influenced by local microbial ecology and host metabolism[48]. 
Furthermore, CRC development is often accelerated in the presence of metabolic disorders such as obesity and 
T2DM, which are themselves associated with microbial dysbiosis. Chronic inflammation, insulin resistance, and 
altered bile acid metabolism in these conditions create a tumor-promoting milieu. The convergence of these 
factors illustrates how the gut microbiome serves not just as a passive player but as an active modulator of 
colorectal cancer risk [48]. 
Targeting the gut microbiota is an emerging strategy in CRC prevention and therapy. Interventions such as 
dietary modulation, probiotics, and microbiome-based diagnostics are being developed to identify and mitigate 
CRC risk by restoring microbial balance and enhancing antitumor immunity. 

6. Shared Mechanistic Links Across Obesity, T2DM, and CRC 

The gut microbiome serves as a central hub connecting obesity, type 2 diabetes mellitus (T2DM), and colorectal 
cancer (CRC), orchestrating a series of overlapping pathophysiological processes that contribute to the 
development and progression of these conditions. One of the most significant shared mechanisms is chronic low-
grade inflammation[49, 50]. Gut dysbiosis, characterized by an increased presence of endotoxin-producing 
gram-negative bacteria, results in elevated systemic levels of lipopolysaccharide (LPS). This triggers toll-like 
receptor 4 (TLR4)-mediated activation of pro-inflammatory signaling pathways, leading to increased production 

of cytokines such as interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α). These inflammatory 
mediators are key contributors to insulin resistance, adipose tissue dysfunction, and tumor-promoting 
microenvironments[50]. 
In parallel, dysbiosis compromises the integrity of the intestinal epithelial barrier. Reduced expression of tight 
junction proteins such as occludin and claudin facilitates increased intestinal permeability or "leaky gut," 
allowing microbial antigens and toxins to enter circulation. This further exacerbates systemic inflammation and 
immune dysregulation, hallmarks of metabolic diseases and cancer[50, 51]. The altered gut microbiome also 
influences immune homeostasis by impairing regulatory T-cell function and shifting macrophage populations 
toward pro-inflammatory phenotypes, thereby reducing effective immune surveillance and promoting 
oncogenesis[51]. 
Metabolic alterations represent another critical shared mechanism. SCFAs, especially butyrate, play key roles 
in maintaining colonic health, regulating appetite, and improving insulin sensitivity. However, dysbiosis leads 
to diminished SCFA production, undermining these protective effects[52]. Concurrently, disrupted bile acid 
metabolism, driven by microbial imbalance, impairs FXR and TGR5 receptor signaling, thereby promoting 
dyslipidemia, insulin resistance, and carcinogenic pathways. At the molecular level, microbial metabolites and 
toxins can activate oncogenic signaling cascades such as STAT3, PI3K/Akt, and MAPK pathways. These 
pathways contribute to increased cell proliferation, angiogenesis, and inhibition of apoptosis in epithelial tissues, 
particularly in the colon. Moreover, epigenetic modifications mediated by microbial-derived compounds 
influence gene expression patterns that are common in both metabolic syndrome and cancer[52]. 
Collectively, the interplay between microbial dysbiosis, immune dysfunction, metabolic imbalance, and 
epigenetic regulation underscores the gut microbiome's pivotal role in linking obesity, T2DM, and CRC. 
Understanding these shared mechanisms opens avenues for microbiota-targeted interventions that may prevent 
or attenuate the burden of these interrelated diseases. 
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7. Therapeutic Implications and Microbiome-Targeted Strategies 
Targeting the gut microbiota has emerged as a promising therapeutic avenue to disrupt the interconnected axis 
of obesity, type 2 diabetes (T2DM), and colorectal cancer (CRC). A growing body of evidence supports that 
restoring microbial balance also known as eubiosis can improve metabolic health and reduce cancer risk[53]. 
Among the most widely studied interventions are probiotics, which involve the administration of beneficial 
bacterial strains such as Lactobacillus and Bifidobacterium. These probiotics have been shown to restore microbial 
diversity, enhance gut barrier integrity, modulate immune responses, and reduce systemic inflammation, all of 
which are crucial in countering the chronic low-grade inflammation associated with obesity and T2DM and 
implicated in CRC development[32, 53]. 
In addition to probiotics, prebiotics a non-digestible dietary fibers that selectively promote the growth of short-
chain fatty acid (SCFA)-producing microbes, play a crucial role in maintaining gut health. SCFAs like butyrate 
not only serve as an energy source for colonocytes but also exert anti-inflammatory and anti-tumorigenic effects. 
High-fiber diets, particularly those rich in whole grains, fruits, and vegetables, are known to enhance the 
abundance of these beneficial microbes, leading to improved glucose metabolism, reduced adiposity, and lowered 
CRC risk[54]. Dietary modulation through the reduction of saturated fats and processed foods further 
complements microbiota-friendly interventions, as such diets reduce the proliferation of pro-inflammatory and 
carcinogenic microbial species[54]. Another innovative approach is fecal microbiota transplantation (FMT), 
which involves transferring stool from healthy donors into patients with dysbiosis[55]. FMT has shown 
promising results in restoring microbial balance and improving metabolic parameters, with emerging data 
suggesting its potential benefits in cancer prevention and therapy. While still in early stages of application for 
obesity and CRC, FMT represents a compelling strategy to reset the gut ecosystem and improve host-microbe 
interactions[55]. 
Furthermore, advancements in precision microbiome therapeutics are paving the way for more targeted 
interventions. These include engineered probiotics designed to deliver specific metabolic or immunological 
functions and postbiotics, which are microbial-derived metabolites or components that confer health benefits 
without requiring live organisms. As the field progresses, future clinical trials will be essential to validate the 
efficacy of these microbiome-targeted therapies, refine administration protocols, and identify specific microbial 
biomarkers that predict therapeutic response. Ultimately, integrating microbiome modulation into clinical 
practice could revolutionize the prevention and management of obesity, diabetes, and colorectal cancer. 

CONCLUSION 
Gut microbiome dysbiosis is a central mediator at the crossroads of obesity, T2DM, and colorectal cancer. By 
promoting inflammation, metabolic dysfunction, and tumorigenesis, an altered gut microbial ecosystem 
contributes to the initiation and progression of these interrelated conditions. Targeting the microbiome through 
diet, probiotics, or microbiota-based therapies represents a promising avenue for integrated prevention and 
treatment strategies. A deeper understanding of host-microbiome interactions, coupled with personalized 
medicine approaches, will be critical to translating these insights into clinical practice. 

REFERENCES 
1.  Archana, Gupta, A.K., Noumani, A., Panday, D.K., Zaidi, F., Sahu, G.K., Joshi, G., Yadav, M., Borah, S.J., 

Susmitha, V., Mohan, A., Kumar, A., Solanki, P.R.: Gut microbiota derived short-chain fatty acids in 
physiology and pathology: An update. Cell Biochemistry and Function. 42, e4108 (2024). 
https://doi.org/10.1002/cbf.4108 

2.  Bié, J., Sepodes, B., Fernandes, P.C.B., Ribeiro, M.H.L.: Polyphenols in Health and Disease: Gut 
Microbiota, Bioaccessibility, and Bioavailability. Compounds. 3, 40–72 (2023). 
https://doi.org/10.3390/compounds3010005 

3.  Cai, J., Sun, L., Gonzalez, F.J.: Gut microbiota-derived bile acids in intestinal immunity, inflammation, and 
tumorigenesis. Cell Host Microbe. 30, 289–300 (2022). https://doi.org/10.1016/j.chom.2022.02.004 

4.  Ugwu, O.P.-C., Alum, E.U., Okon, M.B., Obeagu, E.I.: Mechanisms of microbiota modulation: 
Implications for health, disease, and therapeutic interventions. Medicine. 103, e38088 (2024). 
https://doi.org/10.1097/MD.0000000000038088 

5.  Lin, K., Zhu, L., Yang, L.: Gut and obesity/metabolic disease: Focus on microbiota metabolites. 
MedComm (2020). 3, e171 (2022). https://doi.org/10.1002/mco2.171 

6.  Alum, E.U., Uti, D.E., Ugwu, O.P.-C., Alum, B.N., Edeh, F.O., Ainebyoona, C.: Unveiling the microbial 
orchestra: exploring the role of microbiota in cancer development and treatment. Discov Oncol. 16, 646 
(2025). https://doi.org/10.1007/s12672-025-02352-2 

7.  Nóbrega, R., Costa, CarolinaF.F.A., Cerqueira, Ó., Inês, A., Carrola, J., Gonçalves, C.: Association between 
gut microbiota and pediatric obesity – a systematic review. Nutrition. 112875 (2025). 
https://doi.org/10.1016/j.nut.2025.112875 

8.  Luo, B., Wen, Y., Ye, F., Wu, Y., Li, N., Farid, M.S., Chen, Z., El-Seedi, H.R., Zhao, C.: Bioactive 
phytochemicals and their potential roles in modulating gut microbiota. Journal of Agriculture and Food 
Research. 12, 100583 (2023). https://doi.org/10.1016/j.jafr.2023.100583 



 

This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited 

 
 

Page | 114 

9.  Gulumbe, B.H., Izah, S.C., Uti, D.E., Aja, P.M., Igwenyi, I.O., Offor, C.E.: Natural product-based inhibitors 
of quorum sensing: A novel approach to combat antibiotic resistance. Biochemistry and Biophysics 
Reports. 43, 102111 (2025). https://doi.org/10.1016/j.bbrep.2025.102111 

10.  Patra, D., Banerjee, D., Ramprasad, P., Roy, S., Pal, D., Dasgupta, S.: Recent insights of obesity-induced 
gut and adipose tissue dysbiosis in type 2 diabetes. Front Mol Biosci. 10, 1224982 (2023). 
https://doi.org/10.3389/fmolb.2023.1224982 

11.  Shen, Y., Fan, N., Ma, S., Cheng, X., Yang, X., Wang, G.: Gut Microbiota Dysbiosis: Pathogenesis, 
Diseases, Prevention, and Therapy. MedComm (2020). 6, e70168 (2025). 
https://doi.org/10.1002/mco2.70168 

12.  Chandrasekaran, P., Weiskirchen, R.: The Role of Obesity in Type 2 Diabetes Mellitus—An Overview. 
International Journal of Molecular Sciences. 25, 1882 (2024). https://doi.org/10.3390/ijms25031882 

13.  Fernandez, C.J., George, A.S., Subrahmanyan, N.A., Pappachan, J.M.: Epidemiological link between 
obesity, type 2 diabetes mellitus and cancer. World Journal of Methodology. 11, 23–45 (2021). 
https://doi.org/10.5662/wjm.v11.i3.23 

14.  Umoru, G.U., Atangwho, I.J., David‐Oku, E., Uti, D.E., Agwupuye, E.I., Obeten, U.N., Maitra, S., 
Subramaniyan, V., Wong, L.S., Aljarba, N.H., Kumarasamy, V.: Tetracarpidium conophorum nuts (African 

walnuts) up‐regulated adiponectin and PPAR‐γ expressions with reciprocal suppression of TNF‐α gene 
in obesity. J Cell Mol Med. 28, e70086 (2024). https://doi.org/10.1111/jcmm.70086 

15.  Umoru, G.U., Atangwho, I.J., David-Oku, E., Uti, D.E., De Campos, O.C., Udeozor, P.A., Nfona, S.O., 
Lawal, B., Alum, E.U.: Modulation of Lipogenesis by Tetracarpidium conophorum Nuts via SREBP-
1/ACCA-1/FASN Inhibition in Monosodium-Glutamate-Induced Obesity in Rats. Natural Product 
Communications. 20, 1934578X251344035 (2025). https://doi.org/10.1177/1934578X251344035 

16.  Alum, E.U.: Metabolic memory in obesity: Can early-life interventions reverse lifelong risks? Obesity 
Medicine. 55, 100610 (2025). https://doi.org/10.1016/j.obmed.2025.100610 

17.  Obasi, D.C., Abba, J.N., Aniokete, U.C., Okoroh, P.N., Akwari, A.Ak.: Evolving Paradigms in Nutrition 
Therapy for Diabetes: From Carbohydrate Counting to Precision Diets. Obesity Medicine. 100622 (2025). 
https://doi.org/10.1016/j.obmed.2025.100622 

18.  Ashique, S., Bhowmick, M., Pal, R., Khatoon, H., Kumar, P., Sharma, H., Garg, A., Kumar, S., Das, U.: 
Multi drug resistance in Colorectal Cancer- approaches to overcome, advancements and future success. 
Advances in Cancer Biology - Metastasis. 10, 100114 (2024). 
https://doi.org/10.1016/j.adcanc.2024.100114 

19.  Bener, A., Öztürk, A.E., Dasdelen, M.F., Barisik, C.C., Dasdelen, Z.B., Agan, A.F., De La Rosette, J., Day, 
A.S.: Colorectal cancer and associated genetic, lifestyle, cigarette, nargileh-hookah use and alcohol 
consumption risk factors: a comprehensive case-control study. Oncol Rev. 18, 1449709 (2024). 
https://doi.org/10.3389/or.2024.1449709 

20.  Alum, E.U.: AI-driven biomarker discovery: enhancing precision in cancer diagnosis and prognosis. 
Discov Onc. 16, 313 (2025). https://doi.org/10.1007/s12672-025-02064-7 

21.  Liu, Y., Lau, H.C.-H., Yu, J.: Microbial metabolites in colorectal tumorigenesis and cancer therapy. Gut 
Microbes. 15, 2203968. https://doi.org/10.1080/19490976.2023.2203968 

22.  Ye, P., Xi, Y., Huang, Z., Xu, P.: Linking Obesity with Colorectal Cancer: Epidemiology and Mechanistic 
Insights. Cancers (Basel). 12, 1408 (2020). https://doi.org/10.3390/cancers12061408 

23.  Brown, K.A.: Metabolic pathways in obesity-related breast cancer. Nat Rev Endocrinol. 17, 350–363 
(2021). https://doi.org/10.1038/s41574-021-00487-0 

24.  Abdulla, A., Sadida, H.Q., Jerobin, J., Elfaki, I., Mir, R., Mirza, S., Singh, M., Macha, M.A., Uddin, S., 
Fakhro, K., Bhat, A.A., Akil, A.S.A.-S.: Unraveling molecular interconnections and identifying potential 
therapeutic targets of significance in obesity-cancer link. Journal of the National Cancer Center. 5, 8–27 
(2025). https://doi.org/10.1016/j.jncc.2024.11.001 

25.  Chakraborty, S., Verma, A., Garg, R., Singh, J., Verma, H.: Cardiometabolic Risk Factors Associated With 
Type 2 Diabetes Mellitus: A Mechanistic Insight. Clin Med Insights Endocrinol Diabetes. 16, 
11795514231220780 (2023). https://doi.org/10.1177/11795514231220780 

26.  Portincasa, P., Bonfrate, L., Vacca, M., De Angelis, M., Farella, I., Lanza, E., Khalil, M., Wang, D.Q.-H., 
Sperandio, M., Di Ciaula, A.: Gut Microbiota and Short Chain Fatty Acids: Implications in Glucose 
Homeostasis. Int J Mol Sci. 23, 1105 (2022). https://doi.org/10.3390/ijms23031105 

27.  Hul, M.V., Cani, P.D., Petitfils, C., Vos, W.M.D., Tilg, H., El-Omar, E.M.: What defines a healthy gut 
microbiome? Gut. 73, 1893–1908 (2024). https://doi.org/10.1136/gutjnl-2024-333378 

28.  Sankarganesh, P., Bhunia, A., Ganesh Kumar, A., Babu, A.S., Gopukumar, S.T., Lokesh, E.: Short-chain 
fatty acids (SCFAs) in gut health: Implications for drug metabolism and therapeutics. Medicine in 
Microecology. 25, 100139 (2025). https://doi.org/10.1016/j.medmic.2025.100139 

29.  Valencia, S., Zuluaga, M., Florian Pérez, M.C., Montoya-Quintero, K.F., Candamil-Cortés, M.S., Robledo, 
S.: Human Gut Microbiome: A Connecting Organ Between Nutrition, Metabolism, and Health. 
International Journal of Molecular Sciences. 26, 4112 (2025). https://doi.org/10.3390/ijms26094112 



 

This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited 

 
 

Page | 115 

30.  Fu, Y., Lyu, J., Wang, S.: The role of intestinal microbes on intestinal barrier function and host immunity 
from a metabolite perspective. Front Immunol. 14, 1277102 (2023). 
https://doi.org/10.3389/fimmu.2023.1277102 

31.  Dmytriv, T.R., Storey, K.B., Lushchak, V.I.: Intestinal barrier permeability: the influence of gut 
microbiota, nutrition, and exercise. Front Physiol. 15, 1380713 (2024). 
https://doi.org/10.3389/fphys.2024.1380713 

32.  Uti, D.E., Atangwho, I.J., Omang, W.A., Alum, E.U., Obeten, U.N., Udeozor, P.A., Agada, S.A., Bawa, I., 
Ogbu, C.O.: Cytokines as key players in obesity low grade inflammation and related complications. 
Obesity Medicine. 54, 100585 (2025). https://doi.org/10.1016/j.obmed.2025.100585 

33.  Gérard, C., Vidal, H.: Impact of Gut Microbiota on Host Glycemic Control. Front Endocrinol (Lausanne). 
10, 29 (2019). https://doi.org/10.3389/fendo.2019.00029 

34.  Dougherty, M.W., Jobin, C.: Intestinal bacteria and colorectal cancer: etiology and treatment. Gut 
Microbes. 15, 2185028. https://doi.org/10.1080/19490976.2023.2185028 

35.  Li, J., Zhu, Y., Yang, L., Wang, Z.: Effect of gut microbiota in the colorectal cancer and potential target 
therapy. Discover. Oncology. 13, 51 (2022). https://doi.org/10.1007/s12672-022-00517-x 

36.  Petersen, C., Round, J.L.: Defining dysbiosis and its influence on host immunity and disease. Cell 
Microbiol. 16, 1024–1033 (2014). https://doi.org/10.1111/cmi.12308 

37.  Menafra, D., Proganò, M., Tecce, N., Pivonello, R., Colao, A.: Diet and gut microbiome: Impact of each 
factor and mutual interactions on prevention and treatment of type 1, type 2, and gestational diabetes 
mellitus. Human Nutrition & Metabolism. 38, 200286 (2024). 
https://doi.org/10.1016/j.hnm.2024.200286 

38.  Ejemot-Nwadiaro, R.I., Betiang, P.A., Basajja, M., Uti, D.E.: Obesity and Climate Change: A Two-way 
Street with Global Health Implications. Obesity Medicine. 100623 (2025). 
https://doi.org/10.1016/j.obmed.2025.100623 

39.  Di Vincenzo, F., Del Gaudio, A., Petito, V., Lopetuso, L.R., Scaldaferri, F.: Gut microbiota, intestinal 
permeability, and systemic inflammation: a narrative review. Intern Emerg Med. 19, 275–293 (2024). 
https://doi.org/10.1007/s11739-023-03374-w 

40.  Poland, J.C., Flynn, C.R.: Bile Acids, Their Receptors, and the Gut Microbiota. Physiology (Bethesda). 36, 
235–245 (2021). https://doi.org/10.1152/physiol.00028.2020 

41.  Wu, J., Yang, K., Fan, H., Wei, M., Xiong, Q.: Targeting the gut microbiota and its metabolites for type 
2 diabetes mellitus. Front Endocrinol (Lausanne). 14, 1114424 (2023). 
https://doi.org/10.3389/fendo.2023.1114424 

42.  Cunningham, A.L., Stephens, J.W., Harris, D.A.: Gut microbiota influence in type 2 diabetes mellitus 
(T2DM). Gut Pathogens. 13, 50 (2021). https://doi.org/10.1186/s13099-021-00446-0 

43.  Yu, Y., Ding, Y., Wang, S., Jiang, L.: Gut Microbiota Dysbiosis and Its Impact on Type 2 Diabetes: From 
Pathogenesis to Therapeutic Strategies. Metabolites. 15, 397 (2025). 
https://doi.org/10.3390/metabo15060397 

44.  Crudele, L., Gadaleta, R.M., Cariello, M., Moschetta, A.: Gut microbiota in the pathogenesis and 
therapeutic approaches of diabetes. eBioMedicine. 97, 104821 (2023). 
https://doi.org/10.1016/j.ebiom.2023.104821 

45.  Modeel, S., Siwach, S., Dolkar, P., Chaurasia, M., Yadav, P., Atri, A., Yadav, A., Negi, T., Negi, R.K.: 
Emerging Risk Factors and the Role of Gut Microbiota in Immunomodulation and Therapeutic 
Implications in Colorectal Cancer. Cancer Pathogenesis and Therapy. (2025). 
https://doi.org/10.1016/j.cpt.2025.06.007 

46.  Cavallucci, V., Palucci, I., Fidaleo, M., Mercuri, A., Masi, L., Emoli, V., Bianchetti, G., Fiori, M.E., 
Bachrach, G., Scaldaferri, F., Maulucci, G., Delogu, G., Pani, G.: Proinflammatory and Cancer-Promoting 
Pathobiont Fusobacterium nucleatum Directly Targets Colorectal Cancer Stem Cells. Biomolecules. 12, 
1256 (2022). https://doi.org/10.3390/biom12091256 

47.  Martin-Gallausiaux, C., Salesse, L., Garcia-Weber, D., Marinelli, L., Beguet-Crespel, F., Brochard, V., Le 
Gléau, C., Jamet, A., Doré, J., Blottière, H.M., Arrieumerlou, C., Lapaque, N.: Fusobacterium nucleatum 
promotes inflammatory and anti-apoptotic responses in colorectal cancer cells via ADP-heptose release 
and ALPK1/TIFA axis activation. Gut Microbes. 16, 2295384. 
https://doi.org/10.1080/19490976.2023.2295384 

48.  Kopczyńska, J., Kowalczyk, M.: The potential of short-chain fatty acid epigenetic regulation in chronic 
low-grade inflammation and obesity. Front Immunol. 15, 1380476 (2024). 
https://doi.org/10.3389/fimmu.2024.1380476 

49.  Grega, T., Vojtechova, G., Gregova, M., Zavoral, M., Suchanek, S.: Pathophysiological Characteristics 
Linking Type 2 Diabetes Mellitus and Colorectal Neoplasia. Physiol Res. 70, 509–522 (2021). 
https://doi.org/10.33549/physiolres.934631 



 

This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited 

 
 

Page | 116 

50.  Noureldein, M., Nawfal, R., Bitar, S., Maxwell, S.S., Khurana, I., Kassouf, H.K., Khuri, F.R., El-Osta, A., 

Eid, A.A.: Intestinal microbiota regulates diabetes and cancer progression by IL-1β and NOX4 dependent 
signaling cascades. Cell Mol Life Sci. 79, 502 (2022). https://doi.org/10.1007/s00018-022-04485-x 

51.  Fu, L., Baranova, A., Cao, H., Zhang, F.: Gut microbiome links obesity to type 2 diabetes: insights from 
Mendelian randomization. BMC Microbiology. 25, 253 (2025). https://doi.org/10.1186/s12866-025-
03968-8 

52.  Yu, W., Sun, S., Yan, Y., Zhou, H., Liu, Z., Fu, Q.: The role of short-chain fatty acid in metabolic syndrome 
and its complications: focusing on immunity and inflammation. Front Immunol. 16, 1519925 (2025). 
https://doi.org/10.3389/fimmu.2025.1519925 

53.  Wu, J., Yang, K., Fan, H., Wei, M., Xiong, Q.: Targeting the gut microbiota and its metabolites for type 
2 diabetes mellitus. Front. Endocrinol. 14, (2023). https://doi.org/10.3389/fendo.2023.1114424 

54.  Facchin, S., Bertin, L., Bonazzi, E., Lorenzon, G., De Barba, C., Barberio, B., Zingone, F., Maniero, D., 
Scarpa, M., Ruffolo, C., Angriman, I., Savarino, E.V.: Short-Chain Fatty Acids and Human Health: From 
Metabolic Pathways to Current Therapeutic Implications. Life (Basel). 14, 559 (2024). 
https://doi.org/10.3390/life14050559 

55.  Sahle, Z., Engidaye, G., Shenkute Gebreyes, D., Adenew, B., Abebe, T.A.: Fecal microbiota transplantation 
and next-generation therapies: A review on targeting dysbiosis in metabolic disorders and beyond. SAGE 
Open Med. 12, 20503121241257486 (2024). https://doi.org/10.1177/20503121241257486 

 
 

CITE AS: Ernest Nsubuga (2025). Gut Microbiome Dysbiosis at the Intersection of Obesity, Diabetes, 

and Colorectal Cancer NEWPORT INTERNATIONAL   JOURNAL OF SCIENTIFIC AND   

EXPERIMENTAL SCIENCES 6(3):109-116 https://doi.org/10.59298/NIJSES/2025/63.109116 

 

https://doi.org/10.59298/NIJSES/2025/63.109116

