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Abstract
Diabetes mellitus is a challenge to the the public, with its prevalence increasing significantly, economically, hence causing healthcare burdens. Conventional treatment strategies have mostly failed to consider each person's variability, which has necessitated a personalized strategy to improve patient therapeutic outcomes.  Erupting research has described the human gut microbiota as a peculiar determinant of metabolic health, impacting insulin sensitivity, glucose homeostasis, and inflammatory pathways.  In this review, we could delve into the interrelation between gut microbiota and diabetes, focusing on microbiome-based strategies such as probiotics, prebiotics, dietary modifications, fecal microbiota transplantation (FMT), and targeted microbiome pharmacological agents. Strides in metagenomics, artificial intelligence (AI)-driven microbiome analysis, and multi-omics integration have further improved precision medicine approaches in diabetes management. Although promising findings have been made, there are still challenges the inter-individual variability in microbiome composition, ethical concerns, and the cause for widespread involvement of human subjects in clinical trials. Leveraging microbiome-targeted therapies gives a novel avenue for improving glycemic control and alleviating diabetes progression, making the way for precision medicine in metabolic disorders.
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Introduction  
Diabetes as a Global Health Challenge
 
Diabetes mellitus has, over the years, proven to be a chronic metabolic disorder featuring hyperglycemia as a result of compromised secretion of insulin, insulin resistance, or both. Diabetes is currently a major threat to healthcare all over the world (1). The International Diabetes Federation (IDF) has estimated that   537 million adults were living with diabetes as of 2021 and is projected to reach 783 million by 2045 (2). Beyond its effects on individuals, diabetes substantially increases healthcare expenditures, reduces productivity, and burdens the economy (3).
Diabetes is grouped majorly into  Type 1 diabetes (T1D), which is an autoimmune anomaly giving rise to pancreatic β-cell destruction, and Type 2 diabetes (T2D), which arises from resistance to insulin and relative deficiency of insulin (4). Diabetes also includes gestational and monogenic diabetes. Despite the success that has been made in glucose-lowering therapies, diabetes management is still not at its best for a lot of patients due to the diversity in response to treatment (5).

 As the prevalence of diabetes increases, it gives us more reason to necessitate novel methods that go beyond the common therapies. Personalized medicine has come to stay and offers a hopeful strategy to create treatment based on individual genetic, metabolic, and environmental profile (6).  In this case, the gut microbiota, which refers to the legion of microorganisms that reside in the gastrointestinal tract, has surprisingly gained recognition as a peculiar determinant factor that can influence diabetes pathogenesis and therapeutic outcomes (7).


Emerging Role of Gut Microbiota in Metabolic Diseases

There are trillions of microorganisms in the human gut, including bacteria, viruses, fungi, and archaea, which are together called the gut microbiota. This microorganism plays an essential role they plan in digestion, immune regulation, and metabolic homeostasis (8). Over the past years,  reported evidence has demonstrated gut microbiota dysbiosis to have an imbalance in microbial composition, which constitutes metabolic disorders, such as obesity, insulin resistance, and diabetes (9).
Research comparing diabetic and non-diabetic individuals has reported distinct gut microbiota signatures, indicating a relationship between microbial diversity and glucose metabolism. For example, lower diversity and diversity in key bacterial taxonomy, such as Akkermansia muciniphila and Faecalibacterium prausnitzii, have been reported to be linked with insulin resistance and chronic inflammation (6). These may add to the defects of gut permeability, systemic inflammation, and metabolic dysfunction, subsequently leading to worsened conditions as diabetes progresses (10).
Besides, gut microbiota-derived metabolites, such as short-chain fatty acids (SCFAs) and secondary bile acids, have an impact on insulin sensitivity and energy metabolism, further representing the role of the microbiome in metabolic health (11). Owing to this compelling relationship, it is necessary to modulate the gut microbiota through personalized strategies, which include probiotics, prebiotics, diet modifications, and fecal microbiota transplantation (FMT), which has appeared as a promising therapeutic intervention for diabetes management (12).





Rationale for Personalized Approaches in Diabetes Treatment 
The current diabetes treatment follows a generic approach, often giving rise to the efficacy of therapy to vary and adverse effects. The heterogeneity of diabetes being affected by genetics, lifestyle, microbiome composition, and metabolic profile highlights the urgent need for precision medicine focused on an individual's unique characteristics (14).

Recent success in metagenomics, metabolomics, and artificial intelligence (AI)-driven data analysis has encouraged a deeper understanding of the impact of the microbiome on diabetes. (15) The invention of these technologies enhances the recognition of microbial biomarkers,  giving way to personalized interventions that can regulate glycemic control. For example, personalized dietary recommendations that rely on microbiome profiling have offered promising results in refining postprandial glucose responses (10).

By incorporating microbiome science into personalized diabetes treatment plans, healthcare professionals can improve patient therapeutic outcomes, reduce adverse effects, and develop microbiome-targeted therapies (16). This comprehensive review aims to explore the complex correlation between gut microbiota and diabetes, with an emphasis on personalized microbiome-based strategies and their potential to modernize the management of diabetes.  By extracting current literature, we will provide insights into the potential of gut microbiota modulation as the bedrock of personalized diabetes care, opening doors for microbiome-based therapeutic innovations (7).

Gut Microbiota and Its Role in Glucose Homeostasis
Composition and Function of Gut Microbiota.
Trillions of microorganisms, including bacteria, viruses, fungi, archaea, and protozoa, are found in the gut microbiota (17). These microorganisms perform various physiological functions, such as modifying the immune system, maintaining the intestinal barrier, and metabolizing nutrients.   Firmicutes and Bacteroidetes constitute the majority of the four bacterial phyla in the gut microbiota, which includes Actinobacteria, Proteobacteria, Bacteroidetes, and Firmicutes (17).
A healthy microbiome enhances proper digestion, aids in metabolite production, and helps combat pathogenic microorganisms (16). It plays a role in glucose extraction for energy, gut hormone regulation, and inflammatory pathways. Additionally, gut bacteria assist in the fermentation of dietary fibers to produce short-chain fatty acids (SCFAs) such as acetate, propionate, and butyrate, which influence insulin sensitivity and glucose metabolism (18).
However, dysbiosis refers to changes in the composition of the microbiota, which can lead to metabolic disorders such as obesity, insulin resistance, and diabetes (10). Any alteration in gut microbiota can result in high gut permeability, chronic inflammation, and altered metabolic signaling, which may further lead to glucose homeostasis impairment  (19). Explaining the relationship between gut microbiota and glucose metabolism gives a foundation for creating microbiome-based interventions for diabetes management (7).

Influence of Gut Microbiota on Insulin Sensitivity and Glucose Metabolism 
Findings have revealed a close connection between the composition of the gut microbiota and insulin sensitivity, glucose metabolism, and metabolic health. Through several mechanisms mentioned below, the gut microbiota impacts these processes (7,20).

1. Regulation of SCFA Production:  Bacteria of economic importance, such as Faecalibacterium prausnitzii and Akkermansia muciniphila, can ferment dietary fibers to give  SCFAs, which can subsequently improve the sensitivity of insulin, reduce inflammation, and normalize hepatic glucose production (21). Butyrate, especially, has proven to help mitochondrial function better in muscle and liver cells, giving rise to better glucose uptake (22).

2. Modulation of Gut Hormones: The gut microbiome is very useful in regulating gut-derived hormones like glucagon-like peptide-1 (GLP-1) and peptide YY (PYY), which enhance insulin secretion and appetite regulation. Some strains of bacteria encourage GLP-1 secretion, subsequently improving glycemic control (23).

3. Influence on Intestinal Permeability and Inflammation: An impeded gut microbiota can mediate the intestinal barrier, facilitating the entry of lipopolysaccharides  LPS and other bacterial endotoxins into the blood circulation, prompting low-grade chronic inflammation. This inflammatory state is related to insulin resistance, a trademark of Type 2 diabetes (24).

4. Metabolism of Acid: The composition of Bile acid is regularized by gut bacteria, which influences glucose metabolism through engagement of farnesoid X receptor (FXR) and Takeda G-protein receptor 5 (TGR5). Metabolic dysfunction can be a result of dysbiosis, which alters bile acid metabolism (25).
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Figure 1: Mechanisms by which gut microbiota-derived short-chain fatty acids (SCFAs) regulate gut integrity, inflammation, and metabolism. SCFAs enhance tight junction integrity, modulate immune responses, and influence ATP production and gut hormone secretion, contributing to glucose homeostasis (26).
Dysbiosis in Type 1 Diabetes

T1D is a self-destructive immune response identified by the loss of pancreatic β-cells, resulting in insulin deficiency. A lot of research has reported that people with T1D have lower microbial diversity, with fewer butyrate-producing bacteria (Faecalibacterium, Roseburia) and an elevated presence of pro-inflammatory bacteria such as Bacteroides (27). The loss of beneficial SCFA-producing bacteria may give rise to dysregulation of the immune system and β-cell destruction. Also, a disparity in the microbiota composition in early life may affect immune system development and make an individual more susceptible to T1D (28).

Dysbiosis in Type 2 Diabetes

Insulin resistance is the major driver of Type 2 Diabetes, and the disparity in gut microbiota is highly related to its pathophysiology. Diabetic patients demonstrate a high Firmicutes/Bacteroidetes ratio, giving rise to improved energy extraction from food and potential weight gain (7). They also present higher levels of bacteria that produce endotoxin, which can contribute to low-grade chronic inflammation and metabolic dysfunction. They also have lower populations of SCFA-producing bacteria, disrupting insulin sensitivity (28). All these changes can facilitate systemic inflammation, oxidative stress, and metabolic disturbances, further deteriorating glycemic control. Interestingly, some microbial signatures may serve as biomarkers for predicting diabetes, leading to advances in microbiome-based diagnostics and interventions (29).
 Recognizing the role of gut microbiota in diabetes has urged interest in microbiome-strategized therapies, including probiotics, prebiotics, fecal microbiota transplantation (FMT), and dietary modifications.  Tackling dysbiosis through personalized interventions may provide an innovative therapeutic approach to effectively manage diabetes (27).

Mechanistic insights: Gut Microbiota-derived metabolites in diabetes
The gut microbiota is home to an intricate network of microorganisms that maintain an interdependent relationship with human health.  Many studies have shown that they play a critical role in the development of some chronic diseases, such as obesity, diabetes, atherosclerosis, and non-alcoholic fatty liver disease. Recent research has also shown that metabolites produced by the gut microbiota, including short-chain fatty acids, bile acids, and lipopolysaccharides they are very essential  in diabetes pathogenesis (31).
Impact of Short-chain fatty acids on metabolic pathways
The gut microbiota ferments nondigestible carbohydrates, which produce short-chain fatty acids (SCFA) as the main end products. They are the primary end products (32). They are produced through saccharolytic fermentation of carbohydrates that escape digestion and absorption in the small intestine, and the pathways of SCFA production are well understood. Fermentation of Amino acids can also produce short-chain fatty acids, primarily acetate and propionate. This process is linked to methanogenesis and appears to be elevated in inflammatory conditions (33).
SCFA and butyrate are important for maintaining the colonic epithelium. They also appear to play a role in regulating the integrity of the epithelial barrier through coordinated regulation of tight junction proteins (TJP), which regulate the intracellular molecular highway between the lumen and hepatic portal system (32). 
SCFA plays a potential regulatory role in glucose homeostasis in an adenosine monophosphate-activated protein kinase-dependent manner, involving peroxisome proliferator-activated receptor. Evidences suggest that SCFA elicits effects on multiple tissues in a concerted action to improve intestinal, hepatic, and whole-body glucose homeostasis. (26)
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Figure 2: The potential effects of these metabolites on T2DM are shown (16). 
Bile acid metabolism and its role in glycemic control
Bile acids (BAs), one of the main components of bile, are amphipathic molecules with detergent properties known mainly for their participation in the absorption of lipids and fat-soluble vitamins in the gut, as well as cholesterol solubilization in the bile and induction of bile flow (34).
Research has shown BA's role in the treatment of diabetes, which is that bile acids act as a chelating agent in patients with type 2 diabetes. Also, bariatric surgery has demonstrated its contribution to bile acid metabolism as part of the benefits that help in glucose control in diabetic patients (35).
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Figure 3. Bile acids regulate glucose metabolism through FXR and TGR5 activation. After a meal, bile acids stimulate these receptors, influencing glycogen synthesis, gluconeogenesis, and insulin secretion. (36)

Microbial lipopolysaccharides influence inflammation and insulin resistance.
Gram-negative bacteria's lipopolysaccharides (LPS) initiate inflammation. This LPS is taken up by LPS-binding protein and transferred to the TLR4 receptor complex, activating proinflammatory pathways (37). Soluble CD14 is enhanced by LPS activation, leading to the recruitment of intracellular adaptor proteins and activation of proinflammatory kinases (38).  Nuclear factor kB (NFkB) and activator protein-1 (AP-1) transcription factors triggers the production of pro inflammatory proteins including tumor necrosis factor-a (TNFa), monocyte chemotactic protein (MCP)-1, and interleukin (IL)-6 (39). Disrupting TLR4 expression shields mice from the negative metabolic effect of a high fat diet including resistance to insulin and inflammation. These findings provide compelling evidence that the insulin signaling cascade is negatively regulated by TLR4 (40).
Personalized micro-biome-based interventions for diabetes
New research gives details of the potential of personalized micro-biome-based interventions for diabetes management. Some of these details include probiotics, prebiotics, fecal microbiota transplantation, dietary modifications, and microbiome-targeted drugs (41).
Probiotics and prebiotics: Individualized formulations and therapeutic potential
Probiotics and prebiotics have been extensively studied for their potential benefits on gut health and immune function (42). Probiotics are beneficial microorganisms that confer health benefits when administered in the right proportion. They are indigestible fibers that selectively feed beneficial bacteria in the gut, leading to increased health outcomes (43).  Despite an increase in prebiotic human studies, a comprehensive review of major databases has revealed a notable absence of meta-analyses on malnutrition and a scarcity of population-based prebiotic research (42). There have, however, been several reviews and meeting reports highlighting the ability of prebiotics to alter the gut microbiota. A lot of personalized probiotic formulations, based on people’s microbial profile, may optimize therapeutic outcomes. Prebiotics, like inulin and resistant starch, selectively stimulate SCFA-producing bacteria (44).
Some specific strains, such as Lactobacillus and Bifidobacterium, improve insulin sensitivity by reducing inflammation and enhancing gut barrier integrity (45).

Fecal microbiota transplantation: A precision approach for gut microbiota modulation
While transferring fecal matter from a healthy donor to a recipient aiming to restore microbial diversity is called Fecal Microbiota Transplantation or Fecal Infusion. It requires the introduction of a liquid healthy donor into the patient's gastrointestinal tract for the treatment of a specific disease (46). It can be done via several methods, such as the nasojejunal tube, upper endoscopy, and retention enemas, which are the preferred mode of delivery. The best route for administration depends on the features and location of the disease, as shown by successful results obtained in the treatment of metabolic diseases by the duodenal administration of feces (47).
Finally, donor selection is important and easier for FMT than for other organ transplants, but accurate evaluation is necessary to avoid disease transmission to the recipient (48).
Dietary modifications: Nutritional interventions targeting specific microbial profiles
A balanced diet is essential to maintain a symbiotic relationship between the host and gut microbiota. It provides enough energy, vitamins, proteins, and minerals to maintain optimal bodily functions (49). Proper nutrition safeguards the intestines by stimulating mucus production and activating immune cells, such as goblet and Paneth cells, to produce antimicrobial peptides (50). Proper nutrition can disrupt the intestinal epithelial cells,  resulting in enteric infections in the host.  Targeted microbiota modulation through probiotics and diet may be used to promote organism gut microbiota health (49).







Pharmacological modulation: microbiome-targeted drugs in diabetes management
The gut microbiota plays a crucial role in diabetes prevention and treatment, as it regulates various biological functions and depends on adjustable factors like diet or drugs (27). The high increase in the prevalence of type 2 diabetes could be due to environmental changes (53). Genetic and environmental factors affect the composition of gut microbiota, but unless significant ecological changes occur, it remains stable in adult individuals (54).
One specific bacterium that has been the focus of several obesity and type 2 diabetes studies is the mucus-colonising Akkermansia muciniphila. Zhang et al found A. muciniphila to be decreased in individuals with prediabetes and newly diagnosed type 2 diabetes, suggesting that low abundance of this bacterium could be a biomarker for glucose intolerance (55). More recently, A. muciniphila was observed to be decreased before the onset of type 2 diabetes in twins, while high abundance was associated with a healthier metabolic status in overweight/obese humans and greater improvements in glucose homeostasis and body composition after energy restriction (56).

 Advances in Microbiome-Based Precision Medicine 
Metagenomics Sequencing and Microbiome Profiling for Personalized Treatment
The concept of metagenomics suggests pairs of genes might be detected and analyzed in a sample.  Metagenomics has promise as a revolutionary approach that might transform diagnosis in infectious illnesses, replacing the conventional culture-based microbiology that has essentially stayed the same for decades (57). Using whole genome sequencing (WGS), metagenomics aims to analyze the functional capabilities and biodiversity of the microbial community (58). By retrieving all the genetic material from a sample, researchers can characterize the entire range of organisms present in a habitat. This includes bacteria, viruses, plasmids, eukaryotes, and archaea with their respective gene content. (58)
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Figure 4 represents the metagenomics flow diagram of patient samples undergoing nucleic acid extraction (59).
Microbial profiling has become important for understanding and identifying microbial diversity. Recent advancements in molecular biology are enhancing the ability to conduct more research on microbiomes, including those involving uncultivated species (60). These evolutions allow researchers to investigate microbial ecosystems effectively, emphasizing the roles of diverse microorganisms in their habitat (61).
 The human body houses glycomes and supports microbial habitats that initiate interactions between organs, which serve as a crucial factor in metabolic processes (62).  Personalized medicine is leveraging microbiome profiling and metagenomics. Identifying microbial populations and the effect they have on human health provides important awareness (63). The formation and roles of these microbial communities enable personalized healthcare delivery. The indication of an organized approach in medicine shows how useful the microbiome is in transforming human health (64). Concurrently, precision medicine is gaining relevance, aiming to provide adequate personalized healthcare treatments that consider the genetic makeup of individuals, lifestyle, and environmental exposures (65). This approach will change how health and disease management are observed, with the possibility of organizing approaches that are effective for each person (66). 


Machine Learning and AI-Driven Microbiome Analysis for Individualized Diabetes
Diabetes encompasses a diverse metabolic disorder that is depicted by hyperglycemia, resulting from abnormalities in the action of insulin secretion, or both. Various pathogenic mechanisms contribute to the initiation of diabetes, including factors that lead to insulin resistance and autoimmune damage to pancreatic cells, which ultimately leads to insufficient insulin production (67). This inadequacy may present either reduced insulin secretion or decreased response of tissues to insulin, alongside complex hormonal pathways, which result in a deficiency in insulin action (1). Combining artificial intelligence in managing diabetes has changed therapy and monitoring strategies. AI-powered technologies, which include machine learning and advanced algorithms, help with early evaluation, allowing for prompt intervention and customized treatment plans (68). By analyzing the patient data, AI will improve the accuracy of diabetes prognosis, facilitating personalized treatment options and improving health outcomes (69). Furthermore, AI has encouraged the development of new diabetes medications, enlarging the available therapeutic options. In Addition, the ability to make decisions by AI systems and self-management tools empowers patients, allowing them to manage their diabetes actively (68).
Recently, research has investigated the relationship between the microbiome, metabolome, and lipidome in Type 1 Diabetes, with the aid of machine learning (ML) techniques for analysis (70). The results show that models focusing on metabolite composition are more precise in predicting T1D status than those based on gut microbiota composition, which demonstrates moderate accuracy (71). Specific lipids, metabolites, and bacterial species have been identified as likely biomarkers for T1D. This shows the importance of integrating various biological layers to enhance our understanding and potential prediction of T1D (72).
Gut Microbiota Biomarkers for Predicting Therapeutic Responses
The gut of humans represents a large microbial ecosystem that houses about trillions of microorganisms.  These microorganisms interact with the host, where they aid in digestion, immunity, and overall health (62). Preserving healthy homeostasis, which includes immune system development, vitamin production, nutrient absorption, epithelial mucosa integrity, and pathogen resistance, depends on the interaction (73). Given this relationship, a term known as dysbiosis is defined as an alteration in the makeup of the microbiota and is related to several human disorders, which include both extra-digestive and digestive cancers (74).
The gut microbiome as an indicator of how well a treatment will work has become a subject of recent research. Studies have shown that a higher microbial population and an increased number of bacteria producing short-chain fatty acids are related to the fast response of anti-integrin medications in inflammatory bowel disease (IBD) (75). This indicates that the composition and benefits of the gut microbiome play a crucial role in patient outcomes and in organizing therapeutic approaches in IBD, and also in other conditions (76). This relationship could lead to efficient personalized treatment strategies that leverage the microbiome to enhance therapeutic efficacy (77). With the increased response of gut microbiota for cancer therapy, it will be a novel strategy that might pave the way for gut microbial diversities as a prognostic indicator for cancer therapies, such as immunotherapy, chemotherapy, radiation,  and surgery (78). Sequencing metagenomic shotgun and 16S rRNA of patient fecal samples has been utilized to elucidate specific pathways for digestive malignancies and other cancers (79).[image: ] 
Figure 5 shows the  usage of the gut microbiota in  the discovery of new and innovative therapeutic tools (52).
 Challenges and Future Directions
Variability in Microbiome Composition Across Populations
Microbiota can differ greatly among individuals and in their interactions with their various human hosts, which is influenced by multiple sites. Research, which includes studies from the Human Microbiome Project, revealed that formation of gut microbiomes differs among human groups and is influenced by different factors which including nutrition, lifestyle, ethnicity, and genetics (80). These differences show the advantage of including these factors when examining microbiota in other groups.  The function of gut microbiomes can be influenced by dietary practices, including the eating of a particular food, such as dairy or fermented foods (49). Specific microbial signatures, which represent past eating patterns and cultural behaviors, can also be influenced by location and ethnicity (81). As research continues to investigate these relationships, understanding the importance of microbiome composition can aid in developing targeted health interventions and treatments tailored to specific populations (82). Various population-based factors influence the variance in microbiome profiles. In a case study, Dutch individuals ingest more milk and fewer antibiotics than those in other European nations, and as such, identifying microbiome-based biomarkers for specific illnesses involves considering the population-based differences and microbial composition among healthy individuals (80). Numerous reviews of microbiome studies from different perspectives have been published recently, but a thorough overview of the findings related to changes in microbiome composition specific to geography, ethnicity, or lifestyle is long overdue (80) 

Ethical Considerations in Microbiome-Based Interventions
Microbiome research presents several ethical challenges in clinical settings, particularly regarding personal identity, privacy, and data protection (83). Since microbiome data can reveal sensitive insights about individuals, there is a risk of unintended consequences if this information is misused or disclosed improperly (84). For instance, microbiome profiles could be linked to health predispositions, raising questions about how this data should be managed and individuals' rights over their microbiome information (80).
Most microbiome research utilizes low-risk, noninvasive sampling methods, such as fecal self-collection, saliva collection, oral, vaginal, and nasal swabs, and skin brushing (85). Aside from the invasive endoscopic samples required to gather and examine gut microbiota, the risks associated with studying the human microbiome are generally minimal. Microbiome research should investigate whether current legislation is sufficient to protect the privacy of personal information, as human microbial profiles may reveal clear insights about an individual's habits and lifestyle (80). Furthermore, given the potential for personal identification from microbial samples, the privacy protections currently in place for human tissue samples and genetic information should be extended to microbiome research (83).
Significant concerns about biobanking, informed consent, and commercialization arise from the gathering and analysis of microbiome data. Participants of the investigation must be fully aware of how their microbiome data will be used, shared, and preserved, making informed consent critical (86). Because microbiome data might reveal sensitive information about an individual's health, its implications must be communicated clearly due to this complication (15). Another ethical consideration in human microbiome research is the use of biobanks as essential infrastructures. Although the goals and scope of human microbiota biobanks and the clinical data differ from those of biobanks holding human tissue samples, microbiota samples remain important medical resources with considerable promise for treating various illnesses (83). Thus, they must be handled with the same privacy protection as human tissue samples. Research institutions and clinics worldwide are organizing an increasing number of stool banks, supporting personalized medicine objectives and maximizing the therapeutic use of stool samples for procedures like fecal microbiota transplantation (FMT) (87).
Need for Large-Scale Clinical Trials to Validate Microbiome-Targeted Therapies
Studies have revealed the potential of microbiome-targeted treatments for various illnesses, which include metabolic and functional gastrointestinal disorders (FGIDs) (88). Despite this, some important obstacles remain before microbiome research can be effectively applied in therapeutic contexts (77). Successfully translating FGIDs requires a systems approach that will incorporate multiple layers of data, given the subtle diversity in microbiota formation and the need for more precise adjustments in microbial activity (89). Fecal microbiota transplantation represents a new concept for treating intestinal microbiota diseases. However, the reactions, ethical dilemmas, and mechanisms of action that are connected with FMT continue to be points of contention (90). Diverse reports about the safety and efficacy of fecal microbiota transplantation treatment largely arise from the inconsistencies in donor screening processes, the production and condition of the fecal bacterial solution, and the methods that are used for transplantation (91). This variability highlights the necessity for standardized protocols and further research to fully understand how FMT can be effectively applied in clinical settings.  Future, efficient randomized controlled clinical trials are important to handle these concerns and to provide more evidence-based medical information. This verification is crucial for confirming the efficiency of microbiome-targeted therapies and for understanding their influence on various health conditions (78). Research should be done extensively to help in understanding the relationships that are between microbiome formation, individual variability, and therapeutic outcomes, which will lead to better treatment strategies that accommodate the unique microbiome profiles of diverse populations (92). By emphasizing these rigorous trials, the medical community can more effectively harness microbiome research for personalized medicine. 
Integrating Microbiome Research with Other Omics Approaches for Holistic Precision Medicine
In complex metabolic diseases, the incorporation of multi-omics becomes a powerful tool for predicting treatment responses (93). By incorporating clinical data in genomics, transcriptomics, proteomics, and metabolomics, we can identify the predictive and diagnostic biomarkers that will facilitate personalized medicine. This holistic view of patient biology aids in the ability to approach therapies based on individual profiles and also improves the outcomes in metabolic disorders (94). The field of multi-omics combines information from many large-scale platforms, like microbiomics, metabolomics, transcriptomics, proteomics, epigenomics, and genomics. By using this approach, scientists can better understand illnesses and also develop treatment pathways and actionable biomarkers. Multi-omics gives researchers a previously unknown capacity to identify the complex relationships and underlying causes of health and illness by combining data from several molecular levels (95). Through the use of this integrated approach, multi-omics will help in understanding disease development and treatment efficacy, going beyond discrete findings.	
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Figure 6 illustrates the integration of multi-omics approaches in microbiome research, highlighting the intricate cellular processes and interactions between biological layers in response to external stimuli (96).

Conclusion
The role of gut microbiota in the pathophysiology and treatment of diabetes is rapidly increasing, enabling the room for microbiome-targeted strategies to enhance glycemic control and metabolic health. Personalized procedures utilizing microbiome profiling, AI-driven analytics, and precision nutrition offer a paradigm shift in diabetes management. Nevertheless, important challenges are still there, which include population-based variability in microbiome composition, ethical considerations in microbiome research, and the importance of robust clinical validation. Future studies should expatiate on integrating microbiome data with other omics technologies to transform precision medicine strategies and develop targeted microbiome-based therapeutics. Tackling this menace will enhance the transcribing of microbiome science into clinical settings, leading to enhanced patient outcomes and advancing the field of diabetes care.
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