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ABSTRACT 

Type 1 diabetes (T1D) is a chronic autoimmune disorder characterized by the destruction of  insulin-producing beta 
cells, necessitating innovative therapeutic strategies beyond conventional insulin therapy. Emerging evidence 
highlights the role of  gut microbiota dysbiosis in T1D pathogenesis, with fecal microbiota transplantation (FMT) 
emerging as a promising intervention to restore microbial balance and modulate immune and metabolic responses. 
This scoping review synthesized current knowledge on the role of  FMT in managing T1D, focusing on its 
mechanisms of  action, preclinical and clinical evidence, and future directions. Preclinical studies in animal models, 
such as non-obese diabetic (NOD) mice, have demonstrated that FMT delays diabetes onset and improves glucose 
tolerance. Early-phase clinical trials and case reports in humans have shown that FMT can reduce systemic 
inflammation and improve glycemic control, though its effects on beta-cell function remain modest. Challenges such 
as microbiome heterogeneity, safety concerns, and the need for standardized protocols must be addressed to optimize 
FMT’s therapeutic potential. This review employed a scoping methodology, systematically analyzing preclinical and 
clinical studies to evaluate FMT’s efficacy and safety in T1D. Future research should focus on personalized FMT 
approaches, integration with probiotics and immune-based therapies, and long-term outcomes to establish FMT as 
a viable strategy for T1D management. By addressing these challenges, FMT holds promise for improving the lives 
of  individuals with T1D and advancing toward sustainable disease management.   
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INTRODUCTION 

Type 1 diabetes (T1D) is a chronic autoimmune disorder characterized by the destruction of  insulin-producing beta 
cells in the pancreas, leading to lifelong dependence on exogenous insulin therapy [1–3]. Despite advances in insulin 
delivery systems and glucose monitoring technologies, managing T1D remains challenging, with patients facing 
significant risks of  acute and long-term complications, including hypoglycemia, diabetic ketoacidosis, and 
microvascular and macrovascular diseases. The pathogenesis of  T1D involves a complex interplay of  genetic 
predisposition, environmental triggers, and immune dysregulation, with growing evidence implicating gut 
microbiota as a key modulator of  immune responses and metabolic health [4, 5]. 
The gut microbiota, a diverse community of  microorganisms residing in the gastrointestinal tract, plays a critical 
role in maintaining immune homeostasis, regulating metabolism, and protecting against pathogenic infections [6]. 
Dysbiosis, or an imbalance in the gut microbial composition, has been observed in individuals with T1D and is 
thought to contribute to the breakdown of  immune tolerance and the progression of  autoimmunity [7]. Recent 
studies have highlighted the potential of  gut microbiota modulation as a therapeutic strategy for T1D, with fecal 
microbiota transplantation (FMT) emerging as a promising intervention. FMT involves the transfer of  fecal 
material from a healthy donor to a recipient, aiming to restore a balanced and functional gut microbiome. 
This scoping review explores the role of  FMT in managing T1D, focusing on its mechanisms of  action, preclinical 
and clinical evidence, and potential challenges. By synthesizing current knowledge, this review aims to provide a 
comprehensive understanding of  the therapeutic potential of  FMT in T1D and identify future research directions 
to optimize its application. 
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Mechanisms of  Action of  FMT in Type 1 Diabetes 
The gut microbiota influences systemic immune responses and metabolic processes through multiple mechanisms, 
making it a potential target for T1D management [6, 7]. FMT can modulate the gut microbiome by introducing a 
diverse and stable microbial community, which can outcompete pathogenic species, restore barrier integrity, and 
regulate immune function. One of  the key mechanisms by which FMT may benefit individuals with T1D is through 
the restoration of  immune homeostasis. The transplanted microbiota can promote the expansion of  regulatory T 
cells (Tregs) and the production of  anti-inflammatory cytokines, such as interleukin-10 (IL-10), while suppressing 
pro-inflammatory responses. This immunomodulatory effect may help mitigate the autoimmune destruction of  
pancreatic beta cells. 
Another important mechanism is the production of  microbial metabolites, such as short-chain fatty acids (SCFAs), 
which have been shown to enhance insulin sensitivity, reduce inflammation, and promote beta-cell survival [8]. 
SCFAs, including acetate, propionate, and butyrate, are produced through the fermentation of  dietary fibers by gut 
bacteria and play a critical role in maintaining metabolic health. FMT can increase the abundance of  SCFA-
producing bacteria, thereby improving metabolic outcomes in individuals with T1D. Additionally, FMT may enhance 
gut barrier function, reducing the translocation of  microbial products, such as lipopolysaccharide (LPS), into 
systemic circulation, which can trigger chronic inflammation and insulin resistance. 

Preclinical Evidence: Insights from Animal Models 
Preclinical studies in animal models have provided valuable insights into the potential of  FMT to modulate T1D 
progression [9, 10]. Non-obese diabetic (NOD) mice, a widely used model of  T1D, have been instrumental in 
evaluating the effects of  gut microbiota modulation on autoimmune diabetes. Studies have shown that FMT from 
healthy donors can delay the onset of  diabetes and reduce its incidence in NOD mice. These protective effects are 
associated with increased microbial diversity, enhanced SCFA production, and the induction of  Tregs. 
In addition to NOD mice, other animal models, such as streptozotocin (STZ)-induced diabetic mice, have been used 
to investigate the metabolic benefits of  FMT [11, 12]. FMT has been shown to improve glucose tolerance, increase 
insulin sensitivity, and reduce pancreatic inflammation in these models. Furthermore, FMT can modulate the gut-
brain axis, influencing neuroendocrine pathways that regulate glucose metabolism and appetite. These preclinical 
findings highlight the potential of  FMT to address both the autoimmune and metabolic aspects of  T1D, providing 
a strong rationale for clinical investigations. 

Clinical Evidence: Early-Phase Trials and Case Studies 
The clinical application of  FMT in T1D is still in its early stages, with a limited number of  studies conducted to 
date. Early-phase trials and case reports have primarily focused on assessing the safety and feasibility of  FMT in 
individuals with T1D, with secondary outcomes including changes in gut microbiome composition, immune markers, 
and metabolic parameters. One of  the pioneering studies evaluated the effects of  FMT in children with newly 
diagnosed T1D, demonstrating that FMT could increase microbial diversity and reduce markers of  systemic 
inflammation [13, 14]. However, the effects on beta-cell function and insulin requirements were modest, 
highlighting the need for further optimization of  FMT protocols. 
Another study explored the impact of  FMT on glycemic control in adults with T1D, showing improvements in 
postprandial glucose levels and insulin sensitivity. These metabolic benefits were associated with increased 
abundance of  SCFA-producing bacteria and enhanced gut barrier function. Case reports have also documented the 
potential of  FMT to induce remission of  autoimmune diabetes in individuals with concurrent conditions, such as 
inflammatory bowel disease (IBD). While these findings are promising, larger and more rigorous clinical trials are 
needed to establish the efficacy and long-term safety of  FMT in T1D. 

Challenges and Future Directions 
Despite the promising preclinical and early clinical evidence, several challenges must be addressed to realize the full 
potential of  FMT in managing T1D. One of  the primary challenges is the heterogeneity of  gut microbiome 
composition among individuals, which may influence the response to FMT [15, 16]. Personalized approaches, 
tailored to the unique microbial and immunological profiles of  individual patients, may enhance the efficacy of  FMT. 
Additionally, the optimal timing, frequency, and route of  FMT administration in T1D require further investigation. 
Another challenge is the potential for adverse effects, such as the transmission of  infectious agents, the induction of  
immune reactions, and the long-term stability of  the transplanted microbiota. Rigorous donor screening, 
standardized processing protocols, and close monitoring of  recipients are essential to mitigate these risks. 
Furthermore, the integration of  FMT with other therapeutic modalities, such as probiotics, prebiotics, and immune-
based therapies, may enhance its effects and provide a more comprehensive approach to T1D management [17, 18]. 
Future research should focus on optimizing FMT protocols, evaluating long-term efficacy and safety, and assessing 
the impact of  FMT on beta-cell function and autoimmune responses. The inclusion of  diverse patient populations, 
including children, adults, and individuals with varying disease durations, is essential to ensure equitable access to 
this innovative therapy. Advances in microbiome sequencing and metabolomics will provide deeper insights into the 
mechanisms underlying FMT and guide the development of  next-generation microbiome-based therapies. 
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                                                                         CONCLUSION 
Fecal microbiota transplantation represents a promising therapeutic strategy for managing type 1 diabetes, offering 
the potential to restore immune homeostasis, improve metabolic outcomes, and enhance gut barrier function. 
Preclinical studies in animal models have demonstrated the efficacy of  FMT in delaying diabetes onset and 
improving glucose tolerance, while early-phase clinical trials have shown promising results in reducing inflammation 
and improving glycemic control. However, significant challenges remain, including the heterogeneity of  gut 
microbiome composition, the need for standardized protocols, and the potential for adverse effects. Addressing these 
challenges will require continued innovation in FMT technology, personalized approaches, and the integration of  
FMT with other therapeutic modalities. As research progresses, FMT and other microbiome-based therapies hold 
great promise for improving the health and quality of  life of  individuals with T1D. By leveraging the unique 
strengths of  FMT and addressing its limitations, we can move closer to achieving the goal of  effective and 
sustainable T1D management, bringing hope to patients and their families.
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