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Abstract

Millions of microorganisms compose the human gut microbiota, essential for maintaining metabolic health. Recent
research has shown that the gut microbiome of people with obesity and diabetes changes significantly in composition
and functionality. These changes are characterized by a decrease in diversity and an overrepresentation of certain
microbial agents that have detrimental metabolic effects. Dysbiosis, an imbalance in the gut microbiota, contributes to
the development and progression of metabolic disorders in several ways, including increased intestinal permeability,
inflammation, and altered dietary energy utilization. This review focuses on how microbial populations affect glucose
metabolism, insulin sensitivity, and adiposity, with the goal of elucidating the complex relationships between gut
microbiota and metabolic health. In addition, we investigate treatment options such as probiotics, prebiotics and fecal
microbiota transplants as potential avenues to regulate the gut microbiome. Understanding the complex interplay
between the host and the microbiome promises new ways to diagnose and treat these metabolic disorders.
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1. Introduction

The microbiota plays a key role in various metabolic, nutritional, physiological and immunological processes, the human
microbiota is established after birth and begins as a dynamic ecosystem, this same has been pointed out as a participant
in two diseases which are obesity and diabetes, the latter is a comprehensive metabolic disease caused by the
interaction between genetic factors and environmental factors [1]. As for obesity, it is traditionally defined as an excess
of body fat detrimental to health and is usually assessed in clinical practice by body mass index (BMI) [2].

It is influenced by the metainflammation observed in obesity and type 2 diabetes (T2DM), which are characterized by
an altered gut microbiota composition, which has been observed to contribute to the development of insulin resistance
and progression to T2DM. Thus, this imbalance can lead to metabolic disorders and increased central appetite, resulting
in obesity [3,4].

1.1. Gut microbiota in metabolic diseases

Metabolic disorders are defined as a group of diseases in which normal metabolic processes are disrupted due to the
accumulation of large amounts of a metabolite or deficiency of one or more metabolites. Metabolic disorders have a
variety of clinical presentations ranging from acute symptoms in the neonatal period to a slower, more gradual onset
later in life. Metabolic diseases can be inherited or acquired throughout life. Inherited metabolic disorders are the result
of a genetic defect in the functioning of an intermediate metabolic pathway, whereas acquired disorders are the result
of external factors, with lifestyle-related factors being the main causes, a related cause being the microbiota. [5].
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The gut microbiota is central to human health, playing a key role in digestion, production of metabolites with potential
to alter human metabolism (e.g., short-chain fatty acids), and development of the immune system. The
immunomodulatory properties of the intestinal microbiota are of particular interest in the context of the
metainflammation observed in obesity and T2D [6]. The intestinal microbiota of the gastrointestinal tract (GIT)
develops during infancy. The process of microbial colonization depends on a variety of host factors, but diet is the most
prominent factor [7].

Diet affects multiple aspects of human health. It is well documented that inadequate nutrition patterns, e.g., a Western-
style diet or a high-fat diet, are associated with chronic diseases of civilization, such as obesity and T2D. Different dietary
patterns, in particular, the macronutrient and micronutrient composition of the diet and the nutritional sources of
macronutrients, contribute to the remodeling of the GM (gastrointestinal microbiota). Even short-term dietary changes
(a few days) can modulate the composition of the GM and actively affect host metabolism [8].

1.2. Gut microbiota and intestinal epigenetics control the metabolic and physiological state of the host

In recent years, epigenetic modification has been considered to play a role in the mechanisms of inflammation, obesity
and metabolic diseases. Epigenetics is the study of phenotypic changes caused by dynamic and reversible changes in
gene expression while leaving the underlying DNA sequence unchanged, including changes in chromatin conformation
and their effect on cellular transcription. In eukaryotes, the main mechanisms are DNA methylation, histone post-
transcriptional modification, chromatin recombination and regulation of gene expression by ncRNAs (non-coding
RNAs). As an environmental factor, the gut microbiota can trigger epigenetic modifications in the host under the
influence of diet, drugs (antibiotics) and other factors. In particular, changes in epigenetic markers may be determined
by the gut microbiota and its derived metabolites[9]. The microbiome, low-grade inflammation and gut microbiota may
also trigger epigenetic modifications in the host.

1.3. The microbiome, low-grade inflammation and insulin resistance.

Inflammation is described as a series of vascularized tissue responses to injury or infection. These responses are a
protective response necessary for survival, but prolonged exposure to stimuli and mobilization of immune cells can be
detrimental. This chronic, low-grade inflammation, triggered by the entry of fragments of bacteria into the circulation
through a defective intestinal barrier has considerable knock-on effects on host adiposity and insulin resistance [10].
Metabolic cells, such as adipocytes and hepatocytes, are in close contact with immune cells and blood vessels. This
proximity establishes a constant communication between metabolism and immune responses. In fact, several studies
have demonstrated an increase in proinflammatory markers in adipose tissue of obese individuals, with enlarged
adipocytes in mice and humans showing macrophage infiltration and dying adipocytes surrounded by crown-shaped
structures formed by phagocytic macrophages. These same adipocytes, together with macrophages, produce
proinflammatory cytokines and chemokines [11]. In other words, low-grade inflammation has been widely associated
with alterations in glucometabolic pathways, as seen in people with obesity and T2D. Several cytokines are increased
in the circulation of people with metabolic syndrome and have negative effects on peripheral tissue metabolism and,
just as insulin production is impaired in diabetes, we also have that, similarly, obese subjects had a higher inflammatory
tone and more severe asthma, which was related to the gut microbiota [12].

1.4. Correction of the microbiota as treatment alternative.

Just as it has been mentioned that the imbalance of such microbiota is able to trigger each function, we also have that
the same is able to provide us with treatment, which several types of interventions have been shown to correct the
imbalance of the microbiota and restore the beneficial metabolic outcomes of a normal microbiota. Among these, fecal
microbiota transplantation (FMT) is an emerging and promising technology used to improve clinical outcomes of
various pathological conditions through modifications in the composition of the gut microbiota. Similarly, obese
subjects had higher inflammatory tone and more severe asthma, which was related to the gut microbiota.

Current studies focusing on this relationship have provided promising avenues of research that include altering the
efficiency of digestion, exploring the role of bacteria in the production of short-chain fatty acids (SCFA) along with other
metabolites, and studying the impact of diet and microbiota transplants in altering. or restoring the microbial
composition profile. Remodeling the composition of the gut microbiome through diet, genetics, and other medical
procedures, such as FMT, could lead to new treatment strategies for many common pathological processes [13].

1.5. Probiotics and prebiotics as treatment of the microbiome.

The International Scientific Association for Probiotics and Prebiotics (ISAPP) defines probiotics as live microorganisms
that, when administered in adequate amounts, confer a health benefit to the host. They benefit health by modulating
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host mucosal immune function, improving dysbiosis or promoting nutrient absorption. Similarly, ISAPP defines a
prebiotic as a substrate selectively utilized by host microorganisms that confers a health benefit. Prebiotics are organic
substances that are not digested or absorbed by the host, but can selectively promote the metabolism and proliferation
of probiotics.

Prebiotics are safe and effective, and have a high therapeutic effect along with minimal side effects. Prebiotics have also
been shown to be effective against genetically induced obesity at doses lower than the commonly used grams per day
and for a limited period of only 2 weeks [14].

Probiotics have been shown to improve glucose metabolism and insulin sensitivity in patients with T2D [15]. The most
popular probiotics are members of the lactobacillus and bifidobacteria groups, which are able to interfere with dysbiotic
intestinal biodiversity [16].

1.6. Regulation of the microbiota by the immune system

The immune system has a fundamental role in the regulation of the symbiotic relationship between the microbiota and
the host. It allows a proper interaction between the microbiota and the intestinal mucosa by recognizing microbial
proteins as self-antigens. Conversely, the intestinal microbiota responds by producing proinflammatory cytokines (e.g.,
IL-1, IL-6 or TNF alpha) that protect the host from pathogens. An innate immune signaling complex called the
"inflammasome" is activated and assembles to protect against potentially pathogenic agents. Once activated, active
proinflammatory cytokines (e.g., IL-18 and IL-1b) are produced, which in turn induce cell death through various
mechanisms, thus maintaining intestinal homeostasis. Activation of the inflammasome has been associated with
neuroinflammatory conditions and appears to play an essential role in the progression of several neurological disorders
[17].

1.7. The microbiota and its contribution to insulin and feeding processes.

Insulin concentrations also appear to be altered as a function of gut microbiota. Transplantation of gut microbiota from
lean subjects to patients with metabolic syndrome increased insulin sensitivity. This effect is probably related to the
reduction of chronic low-grade inflammation resulting from LPS (liposaccharide) translocation and, consequently,
increased activation of the insulin signaling cascade [18]. The gut microbiota has been implicated in the control of food
intake and satiety through gut peptide signaling, in which bacterial products activate enteroendocrine cells by
modulating paracrine signaling molecules produced by enterocytes. The intestinal microbiota can increase the
production of certain SCFA, which have been shown to be associated with increased production of peptide YY (PYY),
ghrelin, insulin, and glucagon-like peptide 1 (GLP-1) [19]. Similarly, the microbiota is immersed in most studies
investigating the relationships between obesity and the gut microbiome, use very small sample sizes, and employ
various analytical methods to infer gut microbial composition. These factors are likely responsible for the considerable
heterogeneity observed in the results [20].

1.8. Dietary fiber as a regulator of gut microbiota composition.

Overweight and obesity, lifestyle, genetic predisposition, and gut microbiota dysbiosis have been pointed out as possible
risk factors in the development of T2DM. In particular, low fiber intake and the consumption of foods rich in fats and
sugars, common in the Western lifestyle, have been observed to contribute to the depletion of certain bacterial taxa.
Therefore, it is possible that a high intake of dietary fiber alters the gut environment and provides the necessary
substrate for microbial bloom [21]. Since higher dietary fiber intake alters nutritional niches in the gut, allowing
beneficial bacteria to expand their populations [22], a high-fiber diet may prevent protein fermentation and promote
eubiosis of the gut microbiota [23]. Recent findings have shown that regular fiber intake can favor a "virtuous circle",
consisting in the overgrowth of microbial groups that ferment fiber while inhibiting other species.

In this context, the prebiotic effect of dietary fibers could be a feasible strategy to prevent T2D, through modulation of
the metabolic response [24]. Dietary fiber can also improve glycemic control in type 1 diabetes and prediabetes and
favorably influence a number of cardiometabolic risk factors, in addition to glycemic control (cholesterol [total, LDL,
high-density lipoprotein (HDL)], triglycerides, body weight, body mass index, waist circumference, fasting insulin,
homeostatic model assessment of insulin resistance [HOMA IR], blood pressure, and C-reactive protein [CRP] [25].

1.9. Physical activity related to gut microbiota in obesity and diabetes

Regular aerobic exercise has been reported to alter the gut microbiota in various species, including humans . However,
it has been difficult to discern whether exercise affects the gut microbiota independently of the composition of the usual
diet. [26]. Indeed, physical training improves obesity status by increasing insulin sensitivity, reducing systemic
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inflammation, and improving VO2 max. Physical activity performed in short but continuous doses can increase the
abundance of health-promoting bacteria (Bifidobacterium spp., Akkermansia muciniphila, Roseburia hominis, and
Faecalibacterium prausnitzii) in the gut microbiota. However, a sedentary lifestyle is inversely related to the richness
of the gut microbiota [27].

Low-intensity exercise may influence the TGI by reducing stool transit time and thus the contact time between
pathogens and the gastrointestinal mucosal layer. As a consequence, it appears that exercise has protective effects,
reducing the risk of colon cancer, diverticulosis, inflammatory bowel disease, among other metabolic diseases.
Moreover, even in the presence of a high-fat diet, exercise can reduce inflammatory infiltrate and protect the
morphology and integrity of the intestine [28].

2. Conclusions

To date, advances in the knowledge of the implications of the microbiota in the development of metabolic diseases such
as obesity and diabetes have been of great importance, and the dissemination of this knowledge in the medical
community is of utmost importance, since it is an area of opportunity for treatment not only through the use of
probiotics and prebiotics, but also through changes in lifestyle with the aim of preventing the development of these
diseases and their complications.
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