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Obesity is the most important 
global health challenges of 
the 21st century, characterized 
by a dramatic increase in 
prevalence and a profound 
impact on morbidity, mortality, 
and healthcare systems [1]. 
According to the World Health 
Organization (WHO), more than 
650 million adults worldwide 
are affected by obesity, and 
epidemiology data indicate 
a continued rise across age 
groups, including children and 
adolescents [2]. In Europe, more 
than half of the adult population 
is classified as overweight and 
approximately one in four 
individuals meets the criteria for 
obesity [3]. This epidemiological 
pattern is closely related to an 
increased incidence of type 2 
diabetes mellitus, cardiovascular 
disease, metabolic dysfunction-
associated steatotic liver disease, 
and cancer, reinforcing the 
need to identify more effective 
and personalized therapeutic 
strategies [4].

The pathogenesis of obesity 
is complex and multifactorial, 
extending far  beyond the 
traditional paradigm of excessive 
energy intake and reduced energy 
expenditure. Obesity is now 
recognized as a chronic, relapsing 
disease driven by a network 
of genetic,  environmental, 
behavioral, neuroendocrine, 
inflammatory, and metabolic 
fac tors  [5] .  Fur thermore, 
adipose tissue is recognized as 
an active endocrine and immune 
organ, secreting adipokines and 
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inflammatory mediators that negatively influence systemic 
metabolism [6]. In fact, chronic low-grade inflammation, 
insulin resistance, ectopic fat deposition, mitochondrial 
dysfunction, and dysregulated central appetite control all 
contribute to disease onset and progression [7]. Within this 
framework, the gut microbiota has emerged as a relevant 
modulator of host metabolic homeostasis, providing an 
additional layer of complexity in obesity pathophysiology [8].

The gut microbiota is a dynamic ecosystem composed of 
trillions of microorganisms that interact with the host through 
metabolic, immune, endocrine, and neural pathways. It plays 
a fundamental role in nutrient processing, energy harvest, 
bile acid metabolism, and maintenance of intestinal barrier 
integrity [9]. In this context, increasing evidence indicates 
that obesity is associated not only with changes in microbial 
composition but also with alterations in microbial function 
[10]. Gut dysbiosis in obesity is often characterized by reduced 
microbial diversity, depletion of short-chain fatty acids 
(SCFAs)-producing bacteria, and increased abundance of taxa 
associated with inflammation and metabolic dysfunction [11]. 
These changes may increase energy extraction from the diet, 
promote lipogenesis, and impair gut barrier function, leading 
to intestinal permeability and translocation of antigens as 
lipopolysaccharides into the general blood circulation [12]. 
This process contributes to metabolic endotoxemia and chronic 
systemic inflammation, which can exacerbate insulin resistance 
and adipose tissue dysfunction [13].

Beyond microbial composition, the functional output of 
the intestinal microbiota appears to be a critical determinant 
of metabolic outcomes. Indeed, SCFAs, including acetate, 
propionate, and butyrate, regulate host metabolism through 
activation of G-protein-coupled receptors, modulation of 
appetite via the gut-brain axis, and effects on glucose and 
lipid metabolism [14]. Also, the gut microbiota dysregulation 
influences bile acid metabolism and signaling through 
receptors such as the farnesoid X receptor and the G protein-
coupled bile acid receptor, both of which are involved in 
energy expenditure, glucose homeostasis, and inflammatory 
tone [15]. Additional microbial-derived metabolites, including 
branched-chain amino acids, indole derivatives, and secondary 
bile acids, further shape the bidirectional relationship between 
gut microbiota and host metabolism [16]. These observations 
support the concept that microbiota modulation may represent 
a novel therapeutic approach in obesity [17].
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Current therapeutic strategies for obesity include lifestyle 
intervention, pharmacotherapy, and bariatric or metabolic 
surgery [18]. Lifestyle modification, including adherence to a 
Mediterranean dietary pattern, remains pivotal in this setting. 
However, long-term adherence is frequently difficult, and 
weight regain is common [19]. Pharmacological treatment 
has advanced substantially, in particular with incretin-based 
agents such as glucagon-like peptide-1 receptor agonists 
and dual agonists, which have demonstrated efficacy in 
promoting weight loss and improving metabolic parameters. 
However, these drugs are not universally accessible and may 
be associated with side effects and high costs [20]. Bariatric 
surgery remains the most effective treatment for severe obesity, 
producing durable weight loss and remission or improvement 
of comorbidities, but it is invasive and not suitable or acceptable 
for all patients [21]. These limitations have stimulated interest 
in complementary and more individualized strategies, 
including modulation of the gut microbiota.

Probiotics, defined by the Food and Agriculture 
Organization of the United Nations and by WHO as live 
microorganisms that confer a health benefit when administered 
in adequate amounts, have attracted considerable attention as 
a potential tool to restore the gut eubiosis [22]. Their use is 
supported by a long scientific history and a rapidly expanding 
body of literature, accompanied by significant commercial 
growth [22, 23]. The most commonly used probiotic strains 
belong to the genera Lactobacillus and Bifidobacterium, 
although other microorganisms have also been investigated 
[24]. In obesity, probiotics have been proposed as a mean to 
restore intestinal ecosystem and improve metabolic outcomes.

Several randomized controlled trials (RCTs) and meta-
analyses have evaluated the effects of probiotic supplementation 
on anthropometric parameters, including body weight, body 
mass index, waist circumference, and fat mass. However, 
some studies have reported a limited improvement. Moreover, 
evidence remains inconsistent and highly heterogeneous. 
Differences in study populations, probiotic strains, dosages, 
formulations, and duration of intervention limit the 
comparability of results. Furthermore, many RCTs are relatively 
short-term and rely on surrogate endpoints rather than 
clinically meaningful outcomes, such as sustained weight loss 
or reduced obesity-related complications. In several analyses, 
the statistically significant weight reductions are numerically 
modest, often falling below the thresholds considered clinically 
relevant. Additionally, many studies do not adequately control 
for confounding factors such as diet, physical activity, or 
concomitant therapies, making it difficult to isolate the effect 
of probiotics. The lack of strain-specific standardization and the 
frequent use of multi-strain formulations further complicate 
interpretation [25-27]. Considering these limitations, 
European guidelines for the management of obesity do not 
recommend probiotics as a potential therapeutic option [28].

Recognition of these limitations has encouraged the 
development of next-generation probiotics (NGP), a new 
class of microbiota-based interventions designed to deliver 
more targeted and mechanistically grounded effects. 
These microorganisms are generally identified through 
metagenomic, metabolomic, and functional analyses and 
are selected according to their association with specific 

metabolic phenotypes. Unlike conventional probiotics, which 
are often chosen based on historical use and safety, NGP are 
characterized by defined functional properties and by their 
ability to interact with host pathways involved in metabolism, 
inflammation, intestinal barrier integrity, and appetite 
regulation [29].

Among the most extensively studied candidates, 
Akkermansia muciniphila (A. muciniphila) has emerged as 
a key microorganism linking gut microbiota and metabolic 
health. This mucin-degrading bacterium helps maintain the 
intestinal mucus layer and has been consistently associated 
with improved metabolic profiles. Preclinical studies have 
demonstrated that A. muciniphila can reduce adiposity, improve 
insulin sensitivity, and decrease inflammation. A randomized, 
double-blind, placebo-controlled proof-of-concept study in 
overweight or obese insulin-resistant individuals showed 
that supplementation with A. muciniphila, particularly in its 
pasteurized form, was safe and well-tolerated and resulted in 
significant improvements in insulin sensitivity, circulating 
insulin levels, and total cholesterol [30]. Notably, a modest 
reduction in body weight was observed, with approximately 
2.27±0.92 kg less than placebo, accompanied by a reduction in 
fat mass of approximately 1.37±0.82 kg, although the latter did 
not reach statistical significance. These findings suggest that 
A. muciniphila may primarily exert its effects by modulating 
metabolic efficiency and inflammation rather than directly 
inducing weight loss. Additional improvements in biomarkers 
related to liver function and systemic inflammation further 
support its role in metabolic regulation. However, the limited 
sample size and exploratory nature of the investigations, along 
with heterogeneous findings, indicate that these results should 
be interpreted with caution [31].

Beyond Akkermansia, other emerging candidates illustrate 
the expanding spectrum of microbiota-based interventions. 
Hafnia alvei (H. alvei), although not a classical next-generation 
anaerobic commensal, has attracted attention for its ability 
to produce caseinolytic protease B, a protein that mimics 
α-melanocyte-stimulating hormone and may influence appetite 
regulation through the gut-brain axis [32]. A RCT conducted 
in overweight individuals evaluated supplementation with 
H. alvei over a 12-week period and demonstrated that a 
significantly higher proportion of subjects achieved clinically 
relevant weight loss compared with placebo (54.9% vs. 
41.4%). This effect was accompanied by increased satiety 
and a significant reduction in hip circumference, suggesting 
a potential role in appetite modulation rather than direct 
metabolic effect [31]. These findings are particularly interesting 
because they highlight an alternative mechanism through 
which gut microbiota-based therapies may influence body 
weight, acting on central regulation of food intake rather than 
peripheral metabolic pathways.

Christensenella minuta, a Gram-negative anaerobe 
bacterium, represents another promising candidate, as it 
was found to be significantly reduced in terms of microbial 
abundance in stool samples from patients with metabolic 
comorbidities, including obesity [33]. Preclinical studies have 
shown that administration of this bacterium can reduce weight 
gain in mice models of diet-induced obesity, primarily by 
decreasing feed efficiency rather than food intake. Additional 
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effects include modulation of hepatic lipid metabolism and 
changes in microbial community structure. However, despite 
these promising findings, clinical data in humans remain 
extremely limited, and its therapeutic role has yet to be 
established [34].

Faecalibacterium prausnitzii is of particular interest due 
to its anti-inflammatory properties and its ability to produce 
butyrate, a key metabolite that helps maintain gut barrier 
integrity and regulates immune responses. Reduced abundance 
of this microorganism has been associated with obesity and 
other metabolic disorders. Recent experimental studies 
suggest that it may improve glucose metabolism and reduce 
inflammation, but its strict anaerobic nature poses significant 
challenges for clinical application [35].

Despite the promise of NGP, several barriers must be 
addressed before these interventions can be integrated 
into routine obesity care. Safety considerations, regulatory 
classification, manufacturing scalability, strain stability, 
viability or pasteurization standards, and delivery systems all 
require rigorous evaluation [36]. Moreover, the inter-individual 
heterogeneity of the gut microbiota suggests that personalized 
approaches may be needed, as a single intervention is unlikely 
to be effective in all individuals [37]. In this context, integration 
of multi-omics technologies may help identify patient-specific 
microbial signatures, predict responders, and guide targeted 
microbiota-based therapies [38].

In conclusion, the gut microbiota represents a compelling 
therapeutic target in obesity, and NGP offer an innovative 
and mechanistically grounded approach to microbiota 
modulation. However, despite strong biological plausibility 
and encouraging preclinical and early clinical findings, the 
current data are limited, heterogeneous, and insufficient to 
support the use in clinical practice. At present, NGP should 
be considered investigational rather than established therapies 
for obesity. Future research should prioritize large, adequately 
powered RCTs, standardized formulations, long-term follow-
up, clinically meaningful endpoints, and mechanistic studies 
capable of defining which patients are most likely to benefit 
[39,40]. Only through rigorous validation will it be possible 
to determine whether NGP can transition from experimental 
tools to clinically meaningful therapeutic options.
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