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Fecal Microbiota Transplantation (FMT) for 
Metabolic Disorders Current Insights and 

Therapeutic Potential

Abstract
Fecal microbiota transplantation (FMT) has emerged as a novel therapeutic approach 
for a variety of gastrointestinal and systemic conditions by restoring microbial diversity 
and modulating gut microbiota composition. Increasing evidence suggests that the gut 
microbiota plays a pivotal role in the pathogenesis of metabolic disorders, including obesity, 
type 2 diabetes (T2D), and non-alcoholic fatty liver disease (NAFLD). FMT, which involves 
transferring fecal matter from a healthy donor to a recipient, has been shown to influence 
metabolic homeostasis by altering gut microbiota composition, improving insulin sensitivity, 
and modulating inflammatory pathways. This review explores the mechanisms underlying 
the impact of FMT on metabolic health, summarizes the current clinical evidence on its 
efficacy in treating metabolic disorders, and discusses the challenges and future directions 
for FMT as a therapeutic strategy for metabolic diseases.
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Introduction
Metabolic disorders such as obesity, type 2 diabetes (T2D), and 
non-alcoholic fatty liver disease (NAFLD) have reached epidemic 
proportions globally and are major contributors to morbidity 
and mortality. Despite advancements in pharmacological and 
lifestyle interventions, a significant proportion of patients with 
metabolic disorders do not achieve optimal long-term control, 
highlighting the need for novel therapeutic strategies. Recent 
research has increasingly pointed to the gut microbiota as a 
key player in the regulation of metabolic health. Dysbiosis, 
or an imbalance in the gut microbial composition, has been 
implicated in the pathogenesis of obesity, insulin resistance, 
and associated comorbidities. Fecal microbiota transplantation 
(FMT), a procedure that involves the transfer of microbiota from 
a healthy donor into the gastrointestinal tract of a recipient, has 
gained attention as a potential treatment for metabolic disorders 
[1]. FMT has shown promise in restoring microbial balance and 
improving metabolic parameters, offering a potential therapeutic 
approach for patients with otherwise intractable conditions. This 
review explores the mechanisms by which FMT may influence 
metabolic health, presents an overview of current clinical 
evidence regarding its use in metabolic disorders, and highlights 
the challenges and future prospects of FMT in the management 
of metabolic diseases.

Mechanisms of Action: How FMT Impacts 
Metabolic Health
The gut microbiota is increasingly recognized as a crucial regulator 
of metabolism, influencing a range of processes including nutrient 
absorption, energy balance, fat storage, insulin sensitivity, and 
systemic inflammation. FMT can impact these pathways through 
several mechanisms

Gut Microbiota Composition and Diversity
The diversity and composition of the gut microbiota are critical 
for maintaining metabolic health. Dysbiosis, characterized by 
a reduction in microbial diversity and an overrepresentation 
of certain microbial taxa, has been linked to obesity, insulin 
resistance, and other metabolic conditions [2]. FMT can restore 
microbial diversity and re-establish a more balanced microbiome, 
which can positively affect metabolic function. A study by Ridaura 
et al. (2013) demonstrated that transferring microbiota from lean 
donors to obese mice resulted in improved insulin sensitivity and 
reduced fat accumulation, providing evidence for the potential of 
FMT to reverse metabolic dysfunction.

FMT can also influence the abundance of specific microbial groups 
that are known to play a role in energy extraction, fat storage, 
and glucose metabolism. For example, microbial taxa that 
produce short-chain fatty acids (SCFAs), such as Faecalibacterium 
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prausnitzii and Bacteroides species, have been associated with 
improved insulin sensitivity and reduced inflammation, making 
them important targets for metabolic regulation [3].

Insulin Sensitivity and Glucose Metabolism
Insulin resistance, a hallmark of type 2 diabetes (T2D), is closely 
linked to changes in the gut microbiota. Several studies have 
shown that FMT from lean donors can improve insulin sensitivity 
in both animal models and humans. For instance, in a clinical trial 
by Vrieze et al. (2012), individuals with T2D who received FMT 
from lean, healthy donors exhibited improved insulin sensitivity 
and altered gut microbiota composition compared to recipients 
who received FMT from obese donors [4]. This suggests that 
FMT may promote better glucose control by modulating the 
microbiota and improving insulin function. Furthermore, FMT 
may also affect the production of key metabolic hormones such 
as glucagon-like peptide-1 (GLP-1), which is involved in regulating 
blood sugar levels and appetite. By modulating gut microbiota 
composition, FMT could help increase GLP-1 secretion, 
contributing to improved glucose metabolism and enhanced 
satiety.

Reduction of Inflammation
Chronic low-grade inflammation is a key contributor to the 
development of metabolic disorders, including obesity, T2D, 
and NAFLD. Dysbiosis has been shown to increase intestinal 
permeability, leading to the translocation of microbial products 
such as lipopolysaccharides (LPS) into the bloodstream, triggering 
systemic inflammation [5]. FMT has been found to reduce 
markers of systemic inflammation, potentially by restoring 
gut barrier integrity and decreasing the production of pro-
inflammatory cytokines. In animal models, FMT has been shown 
to reduce inflammation and improve metabolic function by 
restoring microbial populations that produce anti-inflammatory 
molecules, such as SCFAs. These molecules can act on immune 
cells in the gut and other tissues, reducing the inflammatory 
response that underpins many metabolic diseases.

Alteration of Bile Acid Metabolism
Bile acids, which are involved in fat digestion, are also important 
signaling molecules that regulate metabolism. The gut microbiota 
plays a crucial role in converting primary bile acids into secondary 
bile acids, which in turn affect metabolic pathways, including lipid 
metabolism and glucose homeostasis. FMT has been shown to 
influence bile acid composition and promote beneficial metabolic 
outcomes. For example, specific gut microbes involved in bile 
acid metabolism have been linked to improved insulin sensitivity 
and reduced fat accumulation.

Clinical Evidence for FMT in Metabolic 
Disorders
Obesity and Weight Loss
The role of FMT in obesity and weight loss has been investigated 
in several animal and human studies. One notable study 
published in Science (2013) demonstrated that mice transplanted 
with microbiota from obese donors gained more weight than 

those receiving microbiota from lean donors, suggesting that 
gut microbiota can influence fat storage and energy balance. 
Furthermore, studies in humans have shown that FMT from lean 
donors can lead to reductions in body fat and improved metabolic 
parameters in obese individuals, although the results are mixed. A 
recent clinical trial by Kootte et al. (2017) showed that FMT from 
lean donors improved insulin sensitivity and reduced body fat in 
recipients with obesity. However, the long-term effects of FMT 
on weight loss remain unclear, and more research is needed to 
determine whether FMT can be an effective weight-loss therapy.

Type 2 Diabetes
FMT has also shown promise in improving insulin sensitivity 
and glucose metabolism in patients with type 2 diabetes. In 
a randomized clinical trial, recipients of FMT from lean donors 
experienced a significant improvement in insulin sensitivity 
and gut microbiota composition. The study indicated that FMT 
could provide a novel approach to managing T2D, especially 
in cases where conventional therapies have been ineffective. 
Additionally, animal models have demonstrated that FMT can 
reverse insulin resistance and improve glucose metabolism. In 
these models, FMT from healthy, lean donors was associated with 
improved glucose tolerance and reduced systemic inflammation, 
highlighting the potential of FMT in addressing the underlying 
causes of insulin resistance.

Non-Alcoholic Fatty Liver Disease (NAFLD)
Non-alcoholic fatty liver disease (NAFLD) is strongly associated 
with obesity, insulin resistance, and metabolic syndrome. Studies 
suggest that gut microbiota play a critical role in the development 
and progression of NAFLD. Preliminary research has shown that 
FMT can reduce liver fat accumulation and improve liver function 
in animal models of NAFLD. Clinical studies in humans are still 
limited, but the existing evidence suggests that FMT could help 
alleviate the metabolic and inflammatory disturbances associated 
with NAFLD.

Challenges and Future Directions
While the therapeutic potential of FMT for metabolic disorders is 
promising, several challenges need to be addressed. One major 
concern is the safety and long-term efficacy of FMT. Although FMT 
is generally considered safe when performed under controlled 
conditions, there have been isolated reports of adverse events, 
including infections, highlighting the need for strict screening 
protocols for donors. Another challenge is the variability in 
patient response. Not all individuals respond equally to FMT, 
and the underlying factors contributing to this variability remain 
unclear. Understanding the factors that influence the success of 
FMT, such as the donor’s microbiota composition, the recipient’s 
baseline gut microbiota, and other host factors, is crucial for 
optimizing the treatment. Finally, large-scale clinical trials with 
longer follow-up periods are necessary to establish the long-term 
effects and safety of FMT for metabolic disorders. Research into 
the mechanisms by which FMT exerts its effects on metabolism 
will also be crucial for refining the technique and identifying the 
most appropriate patient populations.
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Conclusion
Fecal microbiota transplantation holds significant promise as a 
therapeutic strategy for metabolic disorders, including obesity, 
type 2 diabetes, and non-alcoholic fatty liver disease. By 
restoring gut microbial diversity and modulating key metabolic 
pathways, FMT has the potential to improve insulin sensitivity, 

reduce inflammation, and promote better metabolic health. 
However, further research is required to establish its safety, 
long-term efficacy, and the optimal conditions for treatment. As 
our understanding of the gut microbiota and its role in metabolic 
disease continues to evolve, FMT may become a key tool in the 
management of metabolic disorders, offering new hope for 
patients who are refractory to conventional therapies.
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