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Abstract

and implications for human health.
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Obesity and diabetes have emerged as global health crises, with their prevalence reaching epidemic proportions. With increasing food intake and
sedentary lifestyles contributing significantly to the obesity epidemic, recent research has highlighted the critical role of gut microbiota in the
development and progression of these metabolic disorders. The gut microbiome is increasingly recognized as a key player in obesity and diabetes
through its involvement in food absorption, energy regulation, low-grade inflammation, and insulin resistance. This review paper explores the
latest advancements in understanding the gut microbiota’s role in the development of obesity and type 2 diabetes (T2D), also focusing on the
therapeutic potential of modulating gut microbiota to mitigate the impacts of these metabolic diseases, elucidating the underlying mechanisms

Introduction

Obesity and its related conditions, particularly type 2 diabetes
(T2D), have reached alarming levels globally. Poor diet and
physical inactivity remain primary contributors to this epidemic
[1]. Obesity, characterized by excessive fat accumulation, is not
just a public health crisis but also an economic burden. The
World Obesity Atlas 2023 projects that by 2035, nearly half of
the global population will be overweight or obese, with related
costs estimated to reach 3% of the global GDP [2]. This surge
in obesity correlates closely with the increasing prevalence of
T2D-a metabolic disorder characterized by insulin resistance
and impaired glucose metabolism. The number of adults aged 20
to 79 with diabetes has more than doubled as per International
Diabetes Federation (IDF), rising from approximately 151 million
(4.6% of the world’s population) in 2000 to 537 million (10.5%)
in 2021. Without intervention, this figure is projected to escalate
to 783 million by 2045 (IDF) [3]. While traditional explanations
for obesity and diabetes focus on genetics, diet, and physical
activity, emerging research highlights the gut microbiome’s
significant role in energy metabolism, inflammation, and weight

regulation (Figurel) [4]. Dysbiosis, or imbalance of gut microbial
communities, has been linked to obesity, insulin resistance, and
chronic low-grade inflammation [5]. Key metabolites produced by
gut microbes, such as short-chain fatty acids (SCFAs), are central
to these processes [6]. This review examines recent advances in
understanding the gut microbiota’s role in obesity and diabetes
and explores the potential of microbiome-based therapies to
address these metabolic disorders.

The unhealthy gut microbiome plays an essential role
in the development of obesity and diabetes

The human gut microbiota is shaped by a combination of
genetics, diet, and environmental factors. Its composition is
established early in life, influenced by birth method (vaginal
delivery vs. Cesarean section) and infant feeding practices
(breastfeeding vs. formula feeding) [7]. Throughout life, the gut
microbiota continues to evolve, undergoing significant changes
during diet transitions, aging, and exposure to environmental
factors. This diverse microbial community primarily consists
of bacteria, with key phyla including Firmicutes, Bacteroidetes,
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Actinobacteria, Proteobacteria, and Verrucomicrobia [8].
Additionally, the gut ecosystem contains viruses (notably

bacteriophages), fungi, archaea, and protozoa, albeit in smaller
proportions [4,8].

Obesity/
T2D

Unhealthy gut
Microbiome

or T2D contributes to gut microbiome imbalance.

Figure 1: This image illustrates the relationship between obesity, T2D, and the unhealthy gut microbiome. The presence of obesity

Imbalanced gut microbiota
Increased inflammation
Insulin resistance
metabolic dysfunction
Gut-brain axis disruption

The gut microbiota plays a crucial role in host metabolism
through various mechanisms: Gut microbes aid in the digestion
and metabolism of dietary components that the human body
cannot process alone, such as complex carbohydrates and fiber
[4]. This process generates short-chain fatty acids (SCFAs), which
serve as an energy source for the host and influence whole-body
metabolism [6]. Certain microbial species, such as Roseburia,
are capable of degrading complex polysaccharides into butyrate,
a fermentation product that impacts human physiology and
provides energy to colonocytes [4]. Gut microbiota-derived
metabolites can cross the blood-brain barrier and influence
neural circuits and neuroendocrine pathways involved in appetite
control and energy expenditure [9]. The gut microbiome plays a
crucial role in regulating inflammatory responses, with dysbiosis
potentially contributing to chronic low-grade inflammation
associated with obesity and diabetes [8].

Obesity, diabetes, and gut microbiome dysbiosis

Obesity is one of the 21st century’s most pressing health
challenges, driven largely by poor diet and physical inactivity
[1]. The rise in obesity has led to a corresponding increase in
T2D, characterized by insulin resistance and hyperglycaemia
[1-3]. Despite extensive research on genetic and environmental
factors, gaps remain in our understanding of these conditions.
Recent studies have turned attention to the gut microbiome
as a key player in obesity and T2D [10]. Gut bacteria influence
energy extraction from food, immune response modulation,
and fat storage. Dysbiosis, particularly an altered Firmicutes
to Bacteroidetes ratio, has been associated with increased
susceptibility to metabolic diseases [11]. The gut microbiota
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impacts host metabolism through fermentation, SCFA production,
and interactions with the immune system [6].

Mechanisms linking gut microbiome to obesity and
diabetes

The gut microbiome influences obesity and diabetes through
several interconnected mechanisms [8,10]. Certain gut microbes
can enhance energy extraction from the diet, leading to increased
caloric absorption and fat storage [1]. Microbial dysbiosis can
trigger chronic low-grade inflammation, which contributes to
insulin resistance and the development of type 2 diabetes [12].
Alterations in the gut microbiome can compromise the intestinal
barrier, leading to increased gut permeability and the translocation
of bacterial endotoxins, further exacerbating inflammation and
metabolic dysfunction [12]. The gut microbiome influences the
gut-brain axis, affecting appetite regulation, food intake, and
energy expenditure [9]. Gut microbes play a role in bile acid
metabolism, which can impact glucose and lipid homeostasis.

Therapeutic potential of targeting the gut microbiome

The growing understanding of the gut microbiome’s role in
obesity and diabetes has opened new avenues for therapeutic
interventions. Several approaches show promise in modulating
the gut microbiome to improve metabolic health (Figure2).

Dietary Interventions

Non-digestible food ingredients that selectively stimulate the
growth and/or activity of beneficial gut bacteria (Prebiotics). Live
microorganisms that, when administered in adequate amounts,
confer a health benefit to the host (Probiotics) [13]. Combinations
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of prebiotics and probiotics that synergistically promote the
growth of beneficial bacteria (Synbiotics). Fecal Microbiota
Transplantation (FMT) involves the transfer of fecal material from
a healthy donor to a recipient with the aim of restoring a healthy

gut microbiome. While primarily used for treating recurrent
Clostridioides difficile infections, FMT has shown potential in
improving metabolic parameters in individuals with obesity and
diabetes [13].

Antimicrobial agents

-

N

health and combat obesity and type 2 diabetes.

Microbiome-Targeted
Pharmaceuticals

Figure 2: This figure illustrates various therapeutic approaches aimed at modulating the gut microbiome to improve metabolic
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Microbiome-Targeted Pharmaceuticals

Emerging research is focusing on developing drugs that target
specific microbial species or metabolic pathways implicated in
obesity and diabetes [4-6]. These may include selective antibiotics
or bacteriophages to target harmful bacteria (antimicrobial
agents). Beneficial compounds produced by gut microbes, such as
SCFAs, which can be administered directly. Genetically modified
bacteria designed to produce specific beneficial compounds or
perform targeted functions in the gut [6].

Conclusion

in the
development of obesity and diabetes by influencing metabolic

The gut microbiome plays an essential role

pathways, immune function, and inflammatory processes. While
the exact mechanisms remain complex and not fully understood,
recent advances highlight the importance of gut microbiota in
regulating energy homeostasis, insulin sensitivity, and low-grade
inflammation. Modulating the gut microbiome through dietary
interventions, probiotics, prebiotics, and FMT offers promising
therapeutic avenues to combat obesity and T2D. A deeper
understanding of gut microbiota’s role in metabolic disease
will facilitate the development of targeted microbiome-based
therapies to address these global health challenges. By leveraging

the power of the gut microbiome, we may be able to develop more
effective strategies to combat the global obesity and diabetes
epidemics, ultimately improving health outcomes and quality of

life for millions of individuals worldwide.
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