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Abstract: Asthma is a multifaceted ailment characterized by fluctuating respiratory symptoms and 
variable airflow constriction. Traditionally, treatments focused on symptom management, universally 
applicable to all asthma types. Increased understanding has led to the classification of two major asthma 
endotypes: T helper type 2 (Th2) cell-high asthma, marked by type 2 cytokines, eosinophilic and allergic 
inflammation, and immunoglobulin E (IgE) synthesis; and Th2-low endotype, characterized by 
neutrophilic and systemic inflammation, associated with obesity and corticosteroid resistance. Though 
the pathogenesis of asthma remains incompletely understood, increasing evidence suggests a link 
between asthma and the interplay of "inflammation, obesity, and microbiota." The NF-κB and NLRP3 
signal pathways play pivotal roles in the pathophysiological mechanisms of both asthma endotypes. 
Obesity and dysbiosis exacerbate systemic inflammation, particularly in relation to the Th2-low endotype. 
Future asthma treatments hold promises by targeting the underlying pathophysiology and personalizing 
interventions according to the specific endotypes. This review provides a synthesis of current research 
exploring the interconnected roles of inflammation, obesity, and the microbiota in asthma 
pathophysiology. However, further investigation is warranted to deepen our understanding and optimize 
therapeutic interventions for asthma management. 
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1. Introduction 

Asthma presents as a multifaceted ailment characterized by fluctuating respiratory symptoms and 
variable airflow constriction. The manifestations are nonspecific in nature and encompass wheezing, 
dyspnea, thoracic constriction, and coughing [1]. Asthma manifests diverse phenotypes and endotypes, 
with phenotypes representing discernible attributes associated with triggering factors, such as atopic 
versus intrinsic, and the timing of onset, such as early-onset versus late-onset. On the other hand, 
endotypes define subgroups based on the underlying pathophysiology involved, for example, the 
involvement of T helper type 2 (Th2) cells. Th2-high asthma demonstrates distinctive attributes including 
eosinophilic inflammation and allergic sensitization mediated by Th2 cells [1–3]. In contrast, Th2-low 
asthma is typified by neutrophilic inflammation and non-atopic reactions mediated by T helper type 1 
and 17 cells. Th2-low endotype asthma is often overlapped with the phenotype of obesity adult asthma, 
characterized by neutrophilic and systematic inflammation mediated by cytokines related to Th1 and 
Th17 cells lineage [4,5]. 

Until recent years, treatments have been universal for all types of asthma. However, responses to 
treatment have been varied, with an estimate 10% of all patients with asthma experiencing severe 
uncontrolled asthma. Defining asthma into endotypes by molecular characteristics is important for 
asthma control, by applying personalized therapeutic and prognostic intervention [4]. The current 
objective in the management of asthma is to attain optimal control by mitigating the risks associated with 
asthma-related mortality, exacerbations, airway impairment, and adverse effects of medication [6]. The 
Global Initiatives for Asthma (GINA) revised its guidelines in 2019, incorporating the pivotal role of 
anti-inflammatory reliever therapy across all levels of asthma severity, thereby emphasizing its 
significance in disease management. Inhaled corticosteroids are recommended as the reliever of starting 
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treatment to all asthmatic patients to reduce the risk of serious exacerbation [6]. Clinically, a combination 
of inhaled corticosteroids (ICS), long-acting beta-agonists (LABA e.g. Formoterol) and oral medication 
(e.g. theophylline) are mainstay of asthma medication as a step-up treatment to improve long term 
symptom control [1,7]. In addition, certain environmental control measures can reduce asthma 
exacerbations by avoiding airborne allergens. However, none of the available treatment options address 
the underlying condition of asthma [8], and corticosteroid resistance is common in a subgroup of severe 
asthma phenotype.  

Although the pathogenesis of asthma is yet to be fully elucidated, growing evidence suggests an 
association between asthma and the interaction of the “inflammation, obesity and microbiota” triad. 
Various pathways of inflammation are implicated in different phenotypes of asthma [9,10]. Previously, 
asthma was attributed to its nature as a chronic inflammatory respiratory disorder marked by the presence 
of type 2 cytokines, namely interleukin-4 (IL-4), interleukin-5 (IL-5), and interleukin-13 (IL-13). These 
cytokines are responsible for instigating airway eosinophilia, excessive mucus production, airway 
hyperresponsiveness (AHR), and immunoglobulin E (IgE) synthesis. However, contemporary 
understanding has revealed that Th2-high eosinophilic asthma represents just one endotype, and merely 
half of asthma patients exhibit indications of an amplified Type 2 response. Alternatively, Th2-low 
asthma exhibits distinct immuno-logical characteristics, such as airway neutrophilia, systemic 
inflammation linked to obesity, or, in some cases, signs of immune activation [11]. Th2-low asthma 
frequently manifests in various phenotypes, including obesity-related asthma, neutrophilic asthma, and 
paucigranulocytic asthma, all of which are linked to severe, inadequately controlled asthma [12]. A causal 
relationship between dysbiosis and chronic inflammation has been suggested [13]. Recent research has 
shown that both gut and airway microbiota compositions are associated with asthma. The concept of the 
gut-lung axis has been introduced in recent years, which provides a new perspective on the risks of 
developing and exacerbating asthma [14]. The mode of birth, feeding practices, and use of antibiotics 
can alter the microbiota and increase the risk of developing and exacerbating asthma. The microbiota 
composition and metabolites of obese individuals with asthma are distinct from those of normal-weight 
individuals with or without asthma. Moreover, findings from both animal studies and clinical trials have 
suggested the efficacy of microbiota transfer, probiotics, and prebiotics in addressing obesity concerns, 
thereby indicating a plausible etiological connection between gut microbiota and obesity [15]. Notably, 
obesity is correlated with heightened asthma symptom severity, suboptimal disease control, and escalated 
medication usage. Epidemiological investigations have consistently revealed a substantial correlation 
between obesity and the incidence of asthma. Adipose tissue releases inflammatory adipokines, which 
are linked to asthma. Conversely, weight loss interventions have been shown to improve asthma 
morbidity in a dose-dependent manner.  

Despite an accumulating body of both mechanistic and clinical research on asthma, a few knowledge 
gaps are still blocking our odyssey to find the most effective dietary and nutrition intervention for asthma. 
For example, although several preclinical studies explored the relationship between the “inflammation, 
obesity and microbiota” triad and asthma, few studies focused on the interlink of these mechanisms with 
different endotypes of asthma. The latest understanding on the pathological mechanisms of asthma has 
not been fully translated into clinical studies either. 

This review will summarize the pathological relationship between asthma and the etiologically related 
triad of “inflammation, obesity and microbiota”. 

2. Potential Underlying Mechanisms 

Asthma is a multifaceted ailment and the mechanisms underlying its pathogenesis remains poorly 
understood. However, mounting evidence point to the interplay of inflammation [16,17], obesity [18,19], 
and microbiota [20,21] playing an important role in both inception and morbidity of asthma, across 
various endotypes and phenotypes. Understanding theses mechanisms which are summarized in Figure 
1, may help to shed light on strategies for intervention to improve the outcomes for people with asthma. 
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Figure 1: This illustrates the intricate relationships between inflammation, microbiota, obesity, and 

asthma, showcasing the bidirectional etiological pathways that impact the development and severity of 
asthma. Multiple interconnected pathways contribute to this intricate relationship. One such pathway 
involves Toll-like receptor (TLR)-mediated NLRP3 inflammation signaling, which plays a pivotal role 

in mediating both the Th2 high and Th2-low asthma phenotypes. The Th2-high phenotype is 
characterized by heightened eosinophilia, while the Th2-low phenotype is associated with neutrophilia. 

Dysbiosis disrupts the production of short-chain fatty acid (SCFA)-mediated anti-inflammatory 
cytokine IL10, consequently compromising immune tolerance during early life. Adipose tissues 

associated with obesity exert mechanical pressure on lung function. These tissues also secrete leptins, 
which mediate airway inflammation and metainflammation, further exacerbating the impact of obesity 

on the respiratory system. 

2.1. Inflammation 

The involvement of inflammation in the pathophysiology of asthma, characterized by airway 
inflammation and AHR, has been firmly established [22]. Effective asthma management mainly involves 
anti-inflammatory treatments [23]. However, while air-way inflammation in asthma is widely recognized, 
systematic inflammation in asthma has only recently gained attention. In individuals with asthma, 
particularly the severe phenotype, systemic inflammation increases with neutrophilic airway 
inflammation, leading to poor clinical outcomes [24,25]. Inflammation is an immune mechanism for 
defending against infection and promoting tissue repairs. This tightly regulated and evolutionarily 
conserved inflammatory response typically resolves itself upon eradication of infections and harmful 
agents under normal circumstances. However, dysregulation of this process often leads to chronic 
inflammation, intricately intertwined with the pathogenesis of numerous chronic diseases, encompassing 
asthma, chronic obstructive pulmonary disease, diabetes, metabolic syndrome, cardiovascular disease, 
cancer, and autoimmune disorders [26].  

Inflammation encompasses a comprehensive framework comprising four essential constituents: the 
inducers of inflammation, the sensors or receptors responsible for its detection, the mediators, including 
cytokines and interferons, induced by these receptors, and the specific tissues targeted by these 
inflammatory mediators [27]. Inflammatory inducers comprise pathogen-associated molecular patterns 
(PAMPs), integral components of microorganisms, as well as damage-associated molecular patterns 
(DAMPS), originating from cellular debris caused by injury. Either PAMPs or DAMPs can initiate the 
inflammatory response of the innate immune system by activating pattern recognition receptors (PRRs), 
acting as the sentinel sensors of inflammation. Important classes of PRR families, comprise the Toll like 
receptors (TLRs) and the nucleotide-binding oligomerization domain, leucine-rich repeats containing 
receptors (NLRs), among others. TLR2 and TLR4 are extracellular PRRs situated on the cellular surface 
membrane, predominantly recognize microbial products, PAMPs. Ligating TLR2 or TLR4 activates the 
nuclear factor kappa B (NF-κB), a redox-sensitive transcription factor, through the MyD88-dependent 
pathway, resulting in the expression of cytokines, chemokines and other inflammatory mediators [28]. 
NOD-like Receptor Family Pyrin Domain Containing 3 (NLRP3) serves as an intracellular PRR capable 
of discerning both PAMPs and DAMPs. NF-κB primes the NLRP3-inflammasome for activation. The 
formation of the NLRP3 inflammasome precipitates the release of pro-inflammatory cytokines, such as 
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interleukin-1β (IL-1β) and interleukin-18(IL-18). In murine models, IL-18 has been shown to induce a 
Th2 cell-mediated response, whereas inhibition of NLRP3 attenuates the systemic inflammatory 
response syndrome [29]. NLRP3 itself plays immune system–polarizing roles and is implicated in the 
pathophysiology of both Th2-high and Th2-low asthma endotypes.  

The Th2-high endotype was formerly referred to as eosinophilic asthma due to the prevalence of 
eosinophilia in this asthma subgroup. Th2 cells secrete cytokines, such as IL-4, IL-5, and IL-13, which 
stimulate type 2 inflammation, as evidenced by elevated levels of IgE and eosinophils. Inflammation of 
Th2-high endotype is mediated by immune cells, including Th2 cells, eosinophils, mast cells, basophils, 
group 2 innate lymphoid cells (ILC2s) and IgE-producing B cells [9]. Although NLRP3 is primarily 
located in the cytoplasm of Th1 cells, it can be found in the nucleus of Th2 and Th17 cells, where it 
assumes the role of a transcription factor, operating independently from the inflammasome complex, in 
the presence of the cofactor IFR4. This process promotes IL-4 production, which in turn induces 
differentiation and expansion of Th2 cytokine-producing innate cells, forming the basis of Th2-high 
endotype asthma [30]. Notably, in a murine model induced by ovalbumin (OVA), the absence of NLRP3 
in mice resulted in diminished levels of IL-4 and IL-5 within the pulmonary system, along with a 
concomitant reduction in eosinophil presence and mucus production [31]. These experimental findings 
implicate the activation of NLRP3 as a pivotal determinant in the pathogenesis of asthma [32]. Prolonged 
activation of NLRP3 by inhaled irritants and/or environmental allergens can result in severe pulmonary 
inflammation and exacerbation of asthma symptoms. It is noteworthy that the administration of NLRP3 
inhibitors in asthma models can control AHR and pulmonary inflammation [32]. An in vitro study has 
reported that dust mite allergens could incite activation of the NF-κB/NLRP3 inflammatory pathway 
within bronchial epithelial cells sourced from individuals diagnosed with allergic asthma. NF-κB 
assumes a prominent role in severe asthma characterized by eosinophilic inflammation [33].  

While considerable research has been dedicated to investigating the Th2-high endotype of asthma, 
which manifests as type 2 inflammation culminating in pulmonary and airway inflammation, the 
pathophysiology of Th2-low endotype, characterized by type 1 inflammation, remains unclear. Th2-low 
asthma endotype is characterized by the absence of type 2 biomarkers, including eosinophils and IgE, 
while featuring a prevailing abundance of Th17 cells and neutrophils within the airway milieu [35]. 
Emerging evidence substantiates the involvement of Th17 cells in the pathogenesis of Th2-low asthma 
[32]. Notably, within the lungs of individuals with severe asthma, there exists an upregulation of Th17 
cells alongside heightened expression of IL-17A, which orchestrates neutrophil recruitment to the lung. 
While steroids, such as dexamethasone, can inhibit cytokine production by Th2 cells, their efficacy 
against Th17 cells remains limited, thereby proposing a plausible association between Th17 cells and 
steroid-resistant asthma [34]. In a mouse model simulating steroid-insensitive airway inflammation, IL-
17 directly induces contraction of smooth muscle cells [35]. In an asthmatic patient cohort investigation, 
it was found that the expression of Th2 and Th17 genes were mutually exclusive, and no patient had high 
levels of both Th2 and Th17 cells, which suggests an inherent reciprocal relationship between these 
distinct cellular populations that correspond to the Th2-high and Th2-low asthma endotypes, respectively.  

Remarkably, the neutralization of Th2-related cytokines, such as IL-4 and/or IL-13, in in vitro settings 
resulted in an augmented presence of Th17 cells alongside the onset of neutrophilic inflammation within 
the pulmonary milieu. This proclivity toward neutrophilic inflammation is recognized as a characteristic 
hallmark of the steroid-resistant severe asthma phenotype [36]. Despite the reciprocal relationship be-
tween Th2 and Th17 cells, both eosinophils and neutrophils can be present in excessive amounts in the 
airways of individuals afflicted with severe asthma [37]. Furthermore, inhibiting the nuclear receptor 
RORγt can simultaneously reduce Th17 and Th2 cell responses within the airway [38]. The activation of 
NLRP3 inflammasome induce polarization of Th17 cells and was correlated with serum concentration 
of IL-17 [39]. Knockdown of NLRP3 or inhibition of CAPAPAS-1 or IL1 receptor suppresses Th17 
differentiation [40]. The reduction of reactive oxygen species (ROS) levels exerts a consequential impact 
on NLRP3 inflammasome activation, resulting in diminished production of IL-1β and an abrogation of 
Th17 differentiation. These empirical findings collectively imply a pivotal role of the NLRP3 
inflammasome in driving the pathogenic process of Th17 cell differentiation [41]. 

The activation of TLR4 signaling pathway in innate immune cells predominantly elicits the 
production of type 1 cytokines, thereby fostering the development of Th1/Th17 cell-mediated immunity. 
It is postulated that diminished TLR4 activation during early life hampers the maturation of Th1 
immunity, consequently tipping the balance towards Th2 responses and rendering individuals more 
susceptible to allergic diseases [42]. Lipopolysaccharides (LPS) and saturated fats (SFA) are the two 
main agonists of TLR4, both of which are commonly found in Western diets that are high in SFA and 
refined carbohydrates but lack of fiber [43]. Reduction in saturated fat intake has been associated with 



Frontiers in Medical Science Research 
ISSN 2618-1584 Vol. 6, Issue 7: 17-35, DOI: 10.25236/FMSR.2024.060703 

Published by Francis Academic Press, UK 
-21- 

an improvement in neutrophilic airway inflammation among men diagnosed with asthma [44]. Dietary 
fat requires chylomicrons as lipid proteins, which package intestinal LPS, a key component of Gram-
negative bacteria, with triglyceride for circulation. Excessive refined carbohydrates, particularly sugar-
sweetened beverages, have also been found to increase intestinal LPS and systemic LPS (endotoxins). 
Both saturated fats and refined carbohydrates are typical of Western diets. 

The impact of endotoxin exposure on atopic asthma demonstrates a notable dependence on the timing 
of such exposure. The hygiene hypothesis derived from studies of children raised in rural communities, 
suggests that early-life endotoxin exposure might confer a protective effect against the development of 
atopic asthma [45]. In a murine model, LPS inhalation before exposure to antigen was found to impart a 
safe-guarding influence against the onset of asthma by modifying the microenvironment within the 
bronchioalveolar region. This regulatory mechanism encompasses the induction of intrinsic anti-allergic 
pathways, while concurrently modulating local factors that contribute to Th2-mediated allergic 
inflammation [46]. During the early stages of life, the influence of LPS exposure emerges as an additional 
consequential factor impacting TLR4-mediated Th2 response. Intriguingly, the exposure of newborn 
mice to LPS has been demonstrated to curtail airway inflammation, mitigate AHR, and suppress the 
expression of Th2 cytokines, while concurrently promoting the production of IL-10. These observations 
collectively suggest that exposure to LPS, particularly in association with the gut microbiota during the 
neonatal period, might confer a degree of tolerance towards environmental allergens [42]. Nevertheless, 
it is important to acknowledge that LPS exposure could potentially contribute to the manifestation of 
non-atopic respiratory disorders and potentially exacerbate existing asthma in affected individuals 
[47,48]. Timing and dosage of antigens in contact, either airway or systemic antigen contact, all induce 
different immune responses. It has been shown that while low dose of airway exposure to LPS triggered 
eosinophilic inflammation, high dose of LPS triggers Th1-mediated neutrophilia phenotype of asthma 
[42]. In a murine model, inhalation of low doses of antigens of LPS induced an allergic response with 
infiltration of both eosinophils and neutrophils, mucus secretion in airway, as mediated by increase in 
Th2 cytokines production and activation of TLR4 signaling pathway [49]. However, when mice were 
exposed to high dose of LPS, a distinct immunological profile emerges, with the induction of a Th1-
associated response rather than a Th2 response. This results in airway neutrophilia without mucus 
secretion but with heightened production of IFN-γ. Importantly, irrespective of the LPS dose 
administered, a consistent upregulation of TLR4 expression is observed in alveolar macrophages within 
the lungs, indicating that the TLR4 inflammation signaling pathway may be involved in both Th2-high 
and Th1-low asthma endotypes [50]. Combining these findings, it can be inferred that low dose of 
potentially innocuous antigens, which may be associated with environmental endotoxin, can trigger 
allergic asthma in sensitized individuals, characterized by a Th2-high inflammatory response. Conversely, 
high doses of LPS antigens, which may be associated with systemic circulation, can trigger non-allergic 
asthma characterized by a Th2-low inflammatory response. Both inflammatory responses are mediated 
through the TLR signaling pathway. Future mechanistic and human studies are required to validate this 
hypothesis. 

2.2. Obesity 

The World Health Organization (WHO) has issued dietary guidelines for the management of healthy 
weight, yet obesity and its related diseases continue to represent a pandemic, with a rising incidence 
among both adults and children [51]. A prospective study on asthma showed that obesity affected 45% 
of children and 58% of adults with asthma [52]. Notably, it has been observed that adults with asthma 
who are classified as obese exhibit a heightened utilization of various asthma medications, such as β2-
agonists and maintenance oral corticosteroids, than healthy-weight subjects, despite comparable 
pulmonary function. In addition, obese subjects received a significantly higher inhaled corticosteroid 
dose [53]. Moreover, uncontrolled asthma control and worse respiratory functions demonstrated a 
stronger association with abdominal obesity than BMI in adults [54]. 

The correlation between obesity and asthma is multifaceted. The relationship between obesity and 
asthma is partly underpinned by genetic factors. Genetic analysis of risk alleles for obesity suggest 
heightened adiposity may serve as a predisposing factor for the development of asthma, especially in 
childhood. In contrast, the reciprocal influence of asthma on adiposity accumulation appears to be less 
pronounced [55,56]. Besides genetic factors, various hypotheses have been put forward to unravel the 
mechanisms underlying the connection between the two, including the mechanical and immunological 
effects of obesity. Other possible explanations for the correlation between obesity and asthma include 
metabolic factors (e.g. insulin resistance), dietary factors (e.g., western-style diets), lifestyle factors (e.g., 
lack of physical activity), and chronic diseases such as sleep apnea and gastroesophageal reflux disease 
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(GERD), which are often associated with obesity [57].  

The mechanical hypothesis suggests that the presence of truncal adiposity, an inherent characteristic 
of obesity, exerts detrimental effects on various respiratory parameters, including functional residual 
capacity (FRC), residual volume (RV), and expiratory reserve volume (ERV). This reduction in 
pulmonary capacities consequently gives rise to breathing difficulties in individuals affected by obesity. 
The accumulation of adipose tissue, a hallmark consequence of obesity, imparts undue pressure upon the 
chest wall, thereby impeding the unrestricted movements of both the thoracic cage and diaphragm during 
the respiratory process [58]. Furthermore, the consequential reduction in cross-sectional area resulting 
from obesity has been postulated to potentially augment the contractility of airway smooth muscle [59]. 

According to the hypothesis of immunological factors, obesity represents a chronic low-grade 
inflammatory state that has been intricately linked to the development of asthma, thus exerting 
discernible effects on pulmonary function. Far from being a mere repository for excess energy intake, 
adipose tissue is an intricate and multifaceted endocrine organ that actively contributes to the balance of 
inflammation homeostasis [16]. Adipocytes secrete adipokines such as leptin, adiponectin, and resistin. 
Adiponectin has anti-inflammatory activities, while leptin has pro-inflammatory activities. Remarkably, 
leptin serves as a survival factor for both neutrophils and eosinophils, as evidenced by the presence of 
leptin surface receptors on these immune cells. Furthermore, in vitro studies have revealed that leptin 
significantly delays the programmed cell death of mature eosinophils and neutrophils, thereby resulting 
in a notable increase in their respective concentrations [60,61]. Leptin is therefore considered a pivotal 
inflammatory mediator in the intricate pathogenesis of asthma, rendering it a subject of considerable 
interest and investigation [62,63]. In airways of asthmatic patients, inflammatory leptin-producing 
monocytes accumulated in the airway [64], elevating Th2 and Th17 cytokine levels and favoring the 
expansion of Th17 cells while decreasing regulatory T (Treg) cells [65]. In a murine model, the 
administration of exogenous leptin through infusion yielded a direct causative effect on the increase in 
AHR and serum IgE levels [66]. In obese mice fed high-fat diets, blocking of IL-17 by antibodies not 
only abrogated inflammation and AHR but also increased the leptin/adiponectin ratio [67].  

Leptin also promotes airway inflammation by upregulating mitochondrial ROS, thereby triggering 
the activation of the NLRP3 inflammation pathway [68]. Asthmatic individuals with a healthy BMI 
exposed to over-nutrition exhibited discernible NLRP3-mediated airway inflammation. Notably, this 
effect was even more pronounced in obese individuals with asthma, leading to a significant elevation in 
the levels of IL-5, IL-1β, and sputum neutrophils. This observation underscores the potential therapeutic 
value of targeting the inflammasome as a viable approach in managing obesity-related asthma [16].  

In humans, the precise role of leptin in the context of asthma remains incompletely elucidated. Levels 
of leptin demonstrate an association exclusively with overweight and obesity, irrespective of asthma 
status [69]. In children, leptin concentrations are higher in those with both obesity and asthma, and 
although BMI and leptin are predictive markers for severe asthma, leptin concentrations are higher in 
both obesity and asthma [70]. Furthermore, it has been revealed that levels of leptin and IL-10 increased 
in obese children with asthma, while adiponectin and tumor necrosis factor-α (TNF-α) exhibited a 
significantly higher expression in normal-weight children with asthma [71].  

The relationship between adiponectin and asthma is still inconclusive, as some studies report 
contradictory findings [72]. Adiponectin is lower in obesity and inversely related to severe asthma [70]. 
An adiponectin analog has been shown to inhibit Th2/Th17-skewed immune polarization, thereby 
suppressing Th2 and Th17 dominant immune responses, and upregulating IL10 activities [73]. Although 
adiponectin is generally believed to have an anti-inflammatory effect and be protective against asthma 
[74], some evidence indicates that adiponectin level is inversely associated with spirometry in asthmatic 
patients. This observation implies that adiponectin may potentially aggravate asthma by virtue of its anti-
Th1 inflammatory properties, thereby promoting enhanced Th2 differentiation and exacerbating allergic 
responses of greater severity [75]. Nonetheless, the precise role of adiponectin in asthma, particularly its 
impact on Th2 differentiation and allergic responses, necessitates further investigation in forthcoming 
studies. 

Despite the pivotal role of atopic inflammation in the initiation of asthma, it is noteworthy that non-
atopic inflammation, including the involvement of leptin and adiponectin, can exacerbate the severity of 
asthma in individuals who are overweight or obese [76]. Recent investigations, such as a meta-analysis 
conducted by Nyambuya et al., have highlighted contrasting immune responses mediated by T-helper 
cells in lean and obese children with asthma. Obesity has been found to skew the immune response 
towards a Th1 phenotype, deviating from the classical Th2-dominant endotype. Moreover, obesity-
related inflammation has been associated with elevated Th1 and Th17 responses, accompanied by 
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reduced Th2 and Treg cells [77]. This suggests that inflammation triggered by obesity is predominantly 
orchestrated by Th1 and Th17 cells, thereby implying a considerable overlap between the asthma 
phenotype associated with obesity and the Th2-low endotype. Based on the above findings, a treatment 
strategy targeting the Th2-low endotype and neutrophilia may yield better therapeutic results for the 
obesity phenotype of asthma. 

2.3. Microbiota 

The “Hygiene hypothesis”, proposed about 40 years ago, originated from the observation that early 
exposure to environmental conditions harboring a heightened bacterial burden correlated with a reduced 
susceptibility to the development of atopic asthma [45]. Mounting evidence suggests that only a limited 
window of opportunity is available in the early stages of life when “normal microbiota” could educate 
the immune system to develop tolerance and avoid developing atopic diseases later in life. While this 
phenomenon of “normal” bacterial colonization is commonly referred to as symbiosis, the disruption of 
microbiota communities by environmental factors is called dysbiosis [78]. Divergences in gut microbiota 
exist between children afflicted with asthma and their healthy counterparts [79]. Observation studies have 
illuminated that key factors shaping the composition of gut microbiota in infants encompass the delivery 
mode, lactation type, gestational age, infant hospitalization, and the employment of antibiotics in infants. 
Of particular interest, term infants born through vaginal delivery in a domestic setting and exclusively 
nurtured through breastfeeding exhibited a prevailing presence of gut microbiota deemed "beneficial" 
[80].  

The mode of delivery exerts a profound impact on the intricate arrangement of the gut microbiota 
during the neonatal phase, persisting into early infancy, thereby impinging upon the maturation of the 
immune system and the subsequent proclivity toward childhood allergies, asthma, and autoimmune 
disorders [81]. Analysis of the complete genomes of bacterial strains derived from neonates born via 
cesarean section revealed the presence of virulence determinants and clinically significant antimicrobial 
resistance within opportunistic pathogens, thereby potentially heightening an individual's vulnerability 
to opportunistic infections [82]. Neonates delivered through the vaginal route acquired a microbiota akin 
to their maternal vaginal microbiota, characterized by the predominance of Lactobacillus, Prevotella, or 
Sneathia spp. Conversely, infants born via cesarean section harbored microbiota reminiscent of those 
inhabiting the skin surface, marked by the prevalence of Staphylococcus, Corynebacterium, and 
Propionibacterium spp [83]. A meta-analysis underscored the association between cesarean delivery and 
a heightened 20% risk of asthma development during childhood [84]. 

While the mode of delivery has paramount influence over the makeup of the intestinal microbiota 
during the nascent stages of life, the subsequent trajectory of microbiota is additionally shaped by the 
modality of lactation. Breastfed infants exhibit a heightened prevalence of beneficial bacteria, such as 
bifidobacteria and lactobacilli, while formula-fed infants exhibit diminished levels of bifidobacteria [85]. 
The "bifidogenic effect" of human milk can be attributed to its prebiotic attributes, encompassing a 
diminished concentration of proteins and phosphates, as well as the presence of lactoferrin, lactose, 
nucleotides, and oligosaccharides [85]. Breast milk contains immunoglobulin A (IgA), which attaches to 
pathogens and prevent them from adhering to an infant’s cells, reducing the risk of infection. Additionally, 
breast milk harbors an array of antimicrobial substances, such as lysozyme, lactoferrin, and human milk 
oligosaccharides (HMOs), which can prevent the adhesion of pathogens and viruses to an infant's mucous 
membranes, thereby preventing infection and fostering the proliferation of beneficial microbiota. HMOs, 
as prebiotics, undergo unabsorbed transit through the small intestine, ultimately reaching the large 
intestine, where they engender the proliferation of beneficial bacteria that can metabolize HMOs and 
enhancing the production of short-chain fatty acids (SCFA) [78]. Two comprehensive meta-analysis 
studies, taking into account 117 and 42 studies, respectively, underscore the link between the duration 
and exclusivity of breastfeeding and a diminished risk of childhood asthma, with the strongest association 
observed during the early years [86,87]. 

It was found that the fecal microbiota of infants subsequent to the commencement of complementary 
food ingestion differs from that before weaning [88]. However, the composition of the microbiota was 
most significantly influenced by the cessation of breastfeeding rather than the introduction of 
complementary food. Between 9 to 18 months of age, a positive correlation emerged, linking the 
augmentation of body mass index with the heightened presence of SCFA-generating clostridia, the 
Clostridium leptum group, and Eubacterium hallii [89]. 

The utilization of antibiotics in infancy revealed a marked correlation with diminished quantities of 
bifidobacteria and Bacteroides in the microbiota [80]. Early life administration of antibiotics engendered 
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an augmented susceptibility to atopic conditions and metabolic diseases during subsequent stages of life 
[90]. In particular, the administration of antibiotics within the initial two years of life emerged as a 
discernible risk factor for the development of present-day asthma, atopic dermatitis, and allergic rhinitis 
in children reaching the age of five [91]. The administration of antibiotics during the first year of life 
exhibited a significant association with developing asthma throughout lifetime [92].  

A prospective cohort study conducted in Canada by Patrick et al. suggested that the decline in 
pediatric asthma prevalence observed in the country could potentially stem from an unanticipated benefit 
of the exercise of judicious antibiotic administration during infancy [93]. It was found that children 
administered with antibiotics had a higher incidence of asthma. More specifically, the proportion of 
children who developed asthma without antibiotic exposure and with exposure to 1, 2, or 3 courses of 
antibiotics were 5.2%, 8.1%, 10.2%, and 17.6%, respectively. A clear positive correlation was found 
between propensity for asthma development before the age of 5 and the dosage of antibiotics prescribed 
before the age of 1. Notably, for every 10% increment in the prescribed antibiotic dosage, the probability 
of asthma incidence escalated by a substantial 24%. A population based birth cohort study in Finland 
also found a similar dose dependent effect of antibiotics administered in the first year of life on risk of 
asthma [94]. Another retrospective study undertaken in the United States unearthed that children 
subjected to antibiotic regimens were burdened with a 3.5-fold elevated risk of asthma development, 
alongside a 2.4-fold heightened proneness to allergic rhinitis, relative to their antibiotic untouched 
counterparts [92]. Antibiotic exposure in the ages of 2 to 7 years can alter the microbiota for more than 
two years, increasing the risk of not only asthma but also antibiotic associated weight gain [95]. 

SCFA produced by the gut microbiota have been reported to have a protective role against asthma 
[96]. Mice on a high-fiber diet had increased systematic SCFA and decreased allergic inflammation in 
the lungs. The protective effect of SCFA was mediated through the G-protein-coupled receptor (GPR), 
particularly GPR41, which is an extracellular receptor for SCFA expressed in immune cells [97]. A 
similar effect of SCFA was found on inflammation of humans with asthma [98]. 

The concept of gut-lung axis has emerged to refer to the relationship between alterations of microbiota 
composition in intestine and their profound repercussions on pulmonary disease. While the exact 
mechanisms underlying the dialogue between the gut and lungs are yet to be fully elucidated, bacterial 
metabolites originating within the gut are believed to permeate into the circulatory system to influence 
the migration of immune cells in the airway. Immune cells in airways could absorb signals from gut 
microbiota and form a local cytokine microenvironment remotely [12,78]. Healthy lungs are not sterile 
either and microbiota in airways are related to the development, phenotypes and severity of asthma [78]. 
It was consistently found that higher representation of a few genera, including Moraxella, Haemophilus, 
Streptococcus and Staphylococcus, in the airways are associated with the risk of asthma onset and 
severity [99–105]. In vitro, Moraxella catarrhalis collected from nasal airway of asthmatic children 
exhibited a markedly heightened propensity to instigate detrimental epithelial impairment and the 
expression of pivotal inflammatory cytokines, including IL-33 and IL-8, both of which are linked to the 
intricate pathophysiology of pediatric asthma, compared to other prevalent nasal bacteria [105].  

The impact of antibiotics on asthma is not limited to the gut microbiota, as they can also affect the 
microbiota in the nasal airway. Antibiotic treatment in children during their first year of life had a dose-
dependent effect on the nasal airway microbiota patterns during the first 2 years of life [94]. A prospective 
study involving a cohort of 234 children revealed that the administration of antibiotics disrupted 
nasopharyngeal microbiome, which led to increased severity of lower respiratory infections, concomitant 
with an augmented proclivity for the development of asthma [106]. 

The composition of microbiota can tilt T cells to mature in different direction and assume paramount 
importance in polarizing asthma endotypes [107]. Germ-free mice developed Th2-mediated allergic 
responses, characterized by heightened levels of IgE and IL-4, but abrogated Th1-mediated immune 
responses, after OVA challenge. Restoring the intestinal microbiota of germ-free mice by B. infantis 
protects them from developing Th2-medated allergic responses but, this is only effective when such 
restoration is performed in their neonatal stage [108]. Similarly, mice treated with early-life antibiotics 
exhibit Th2-mediated allergic airway response after antigen challenges [109,110]. On the other hand, in 
an OVA-induced asthma model, mice infected with H.influenza developed a Th2-low endotype-like 
allergic airway affliction, characterized by heightened neutrophilic inflammation and bolstered IL-17 
immune responses, but suppressed eosinophilic inflammation [111]. Collectively, these studies underpin 
the crucial role of microbiota in the pathophysiological mechanisms underlying the susceptibility, 
severity, and endotypes of asthma. 
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3. Interplay of Inflammation, Obesity and Microbiota, beyond Association 

3.1. Obesity and Inflammation 

Obesity represents a persistent and wide-ranging systemic inflammatory disease, marked by the 
accumulation of various deposits of adipose tissue across the entirety of the body, along with an elevation 
in the levels of cytokines within the circulatory system. Adipose tissue can be categorized into white 
adipose tissue (WAT), brown adipose tissue (BAT), and brown-like adipose tissue, with WAT primarily 
serving as the principal reservoir for surplus energy storage in the triglyceride format [112]. 

3.1.1. Inflammatory Pathways in Obesity 

A recent systematic review reported that individuals with asthma and obesity exhibit a distinct 
inflammatory profile characterized by an augmented presence of neutrophils in both sputum and systemic 
circulation, implying the presence of neutrophilic inflammation in both the airways and the overall 
system of asthmatic individuals with an obese phenotype [113]. The obese asthma phenotype is 
potentially driven by systemic non-allergic inflammation, displaying a prevalent Th1 cell-mediated 
immune response characterized by elevated levels of interleukin-6 (IL-6), TNF-α, and interferon-gamma 
(IFN-γ) [62]. The escalation in cytokine concentrations may serve as the primary pathophysiological 
mechanism underlying the capacity of obesity to exacerbate inflammatory processes within the asthmatic 
airways. TNF, a pro-inflammatory cytokine, is expressed in human adipocytes. Kern et al. reported an 
affirmative correlation between TNF and the adiposity of subjects. Weight reduction could reduce TNF. 
It was observed that when weight was reduced by 26.6%, adipose TNF dropped to 58% of the level at 
baseline [114]. In another human study, volunteers significantly compromised their insulin sensitivity 
after infusion with the pro-inflammatory cytokine TNF, indicating the regulatory role played by TNF in 
the pathogenesis of insulin resistance, which is associated with obesity [115]. 

3.1.2. Inflammation as a Contributing Factor to Obesity 

Metaflammation refers to a state of persistent, low-grade inflammation that emerges in the context of 
obesity, which alters metabolism [74]. In a murine study, adipose tissue displayed infiltration by 
neutrophils in response to a high-fat diet even before the onset of obesity [116]. Insulin resistance began 
to develop within three days of commencing the high-fat diet, coinciding with neutrophil infiltration into 
adipose tissue. Inhibiting such infiltration, impairment in hepatic insulin signaling was abrogated and the 
secretion of TNF-α by adipose tissues was attenuated [117]. Inflammation mediated by immune cells 
precedes the manifestation of metabolic disorders and obesity induced by high-fat diet [118]. Infusing 
LPS, an inflammation inducer, into mice fed a normal diet yields obesity and elicits metabolic responses 
bear some resemblance to those triggered by high-fat feeding. CD14 mutant mice, which lack an immune 
response to LPS to develop inflammation, display a protective effect against LPS infusion and high-fat 
diet-induced consequences, as demonstrated by their delayed development of most features of metabolic 
disorder and obesity, primarily due to their intact insulin sensitivity. In humans, 24 weeks of calorie-
restricted anti-inflammatory diets (similar to Mediterranean diets), which lowered inflammatory markers, 
such as CRP, interleukin-6 (IL-6) and TNF-α, were capable of inducing a significant reduction in weight 
and adiposity [119]. The above evidence from both murine and human studies suggests a plausible causal 
connection between chronic inflammation and the development of metabolic disorders, specifically the 
promotion of obesity and the emergence of insulin resistance [120]. 

3.2. Microbiota and Obesity 

Lower microbiota diversity is positively associated with obesity [121]. Up to 40% of overweight and 
obese patients, and up to 75% of severely obese patients exhibit low microbiota richness and dysbiosis 
[122]. Research on 64,580 hospitalized children revealed that those who had used antibiotics before the 
age of 2 had a higher probability of obesity, which further increased with the use of broad-spectrum 
antibiotics [123]. A Canadian study conducted in 2014 also revealed an increased likelihood of obesity 
development in children who had used antibiotics before the age of 1, as observed in the follow-up 
assessments conducted at 9 and 12 years of age [124]. 

3.2.1. Dysbiosis as a Potential Causal Factor for Obesity 

Dysbiosis has been suggested as a possible cause of obesity, exerting its influence through 
mechanisms related to energy extraction and satiety regulation [125]. Experiments conducted on germ-
free mice as well as preliminary evidence from human study support dysbiosis as a causal factor for 
obesity. Microbiota derived from obese mice exhibits an enhanced capacity to harvest energy from food, 
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as evidenced by transplantation of fecal microbiota from obese mice to germ-free mice of lean phenotype 
resulted in a more pronounced induction of obesity compared to transplantation of microbiota sourced 
from lean donors [126]. Furthermore, when exposed to an identical high-fat diet, only the wild-type mice, 
but not germ-free mice, developed obesity [127]. In a human study, when microbiota from lean subjects 
were transferred to obese subjects with metabolic syndromes, insulin sensitivity improved. It was found 
the SCFA-producing bacteria, which have been shown to have a role in regulating satiety, of obese 
recipients increased after transplantation [128]. In an obese murine model, those subjected to a high-fat 
diet exhibited LPS levels that were up to threefold higher than those fed a normal chow. Injection of LPS 
into mice that were fed normal chow for 4 weeks resulted in inflammation, followed by obesity and 
insulin resistance [120]. 

3.2.2. Dysbiosis as a Contributor to Inflammation 

Evidence of obesity causing dysbiosis is more elusive, as diet change is often involved in weight loss 
interventions, making it difficult to discern the independent effects of consuming healthy diet with 
restricted calories and adiposity reduction on the composition of microbiota. Microbiota change after 
bariatric surgery shed some light on impact of weight loss on dysbiosis [122]. A significant increase in 
microbiota diversity in obese subjects was observed in 3-12 months after Roux-en-Y gastric bypass 
(RYGB), a type of weight-loss surgery [129]. Despite gastric bypass improving dysbiosis, it failed to 
completely restore the diversity of microbiota of those who had very low microbiota richness at baseline, 
compared to lean subjects [130]. Bariatric surgery exhibits the capacity to alter the composition of the 
microbiota, as evidenced by multiple studies highlighting an increase in the Proteobacteria phylum 
following such surgical interventions, notably the gamma proteobacteria class [131]. Furthermore, it has 
been observed that post bariatric surgery, there is an augmentation in the abundance of Akkermansia 
muciniphil (A. muciniphil), which has been reported to have a counteractive effect on adiposity [132], 
and a protective effect on the inception of asthma and hyper-sensitivity of the airway [133,134]. Overall, 
weight loss induced by bariatric surgery could improve dysbiosis to certain extent, but the cofounding 
influence of healthy diets typically recommended after bariatric surgery cannot be excluded. A human 
intervention study showed that men with low microbiota diversity, as represented by “low gene content” 
of microbiomes, could increase their microbiota diversity after six weeks of caloric restriction, to nearly 
the same levels as observed in healthy control [135]. Interestingly, when comparing the effects of weight 
loss induced by bariatric surgery, specifically laparoscopic sleeve gastrectomy (LSG), and calorie 
restriction (CR) over the course of one year, distinct alterations in the composition of the gut microbiota 
were observed. Notably, bariatric surgery led to a notable increase in the abundance of Bacteroidetes, 
accompanied by a decline in Firmicutes. Conversely, the dietary intervention resulted in a reduction of 
Bacteroidetes in favor of Firmicutes, a decrease in the energy reabsorbing potential of the gut microbiota 
following bariatric surgery. However, both weight loss interventions, potentially due to the lack of dietary 
fiber, did not exhibit significant differences in fecal SCFA contents [136]. Obese adolescents on a 3-
month program of calorie-restricted diets and increased exercise have their fecal LPS-generating Entero-
bacteriaceae bacteria significantly decreased, particularly those whose lost weight [137]. As dietary 
factors exert a profound influence on the intestinal microbiota, regardless of weight loss, the mechanism 
by which obesity changes composition of microbiota may involve dietary components particular to the 
CR intervention chosen diet [138]. 

3.3. Microbiota and inflammation 

3.3.1. Dysbiosis as a Contributor to Inflammation 

Circulating levels of LPS is one of the key links between the gut microbiota and inflammation [139]. 
The gut microbiota regulates integrity of the intestinal mucosal barriers. Pathogens, xenobiotics and 
unhealthy food can cause dysfunction in gut permeability, leading to bacterial translocation into the 
bloodstream and the activation of immune-signaling pathways, resulting in a chronic, low-grade 
inflammatory response [138,140]. This phenomenon of increased intestinal permeability is also called 
“leaky gut syndrome”. The metabolites produced by intestinal microbiota can be either anti-inflammatory 
or pro-inflammatory. SCFAs, such as butyrate, propionate, and acetate, are examples of anti-
inflammatory bacterial metabolites. Upon binding to G-protein coupled receptors, SCFAs have the ability 
to diminish the production of neutrophils and macrophages and increase immunotolerence. In contrast, 
PAMPs and antigens are pro-inflammatory. LPS, a major type of PAMPs, is widely present in the intestine 
and is a cell wall component of gram-negative bacteria. When LPS is translocated into the circulation 
system, it binds to extracellular TLR4 and triggers immune signaling through NF-κB [140], resulting in 
a downstream inflammation cascade, including the activation of the pathway of the NLRP3 
inflammasome, mediating the release of the pro-inflammatory cytokines such as IL-1β and IL-18 [141]. 
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IL-1β plays a pivotal role as a modulator in the context of asthmatic airway smooth muscle hyper-
reactivity, primarily by activating eosinophils and inducing the excessive release of acetylcholine. 
Acetylcholine exerts its effects on the M3 receptor, which is closely associated with the contraction of 
airway smooth muscles and heightened mucus production [142]. IL-18 is another pro-inflammatory 
cytokine that can act as a cofactor in the maturation of Th2 cells, IgE production, and is also associated 
with the pathogenesis of asthma [143]. There were two pathways, by which LPS and other intestinal 
antigens could enter circulation: transcellular and paracellular pathways [144]. Chylomicrons induced by 
high-fat diets have a high affinity for LPS and can modulate transcellular translocation of intestinal LPS 
into circulation, independent of intestinal integrity. On the other hand, compromised intestinal barrier 
function may augment the paracellular translocation of LPS [145]. High-refined carbohydrate and high-
fat diets are both independent factors that can cause impairment of the intestinal barrier and enhance 
paracellular translocation of LPS into circulation, resulting in systemic inflammation [146,147]. 

3.3.2. Inflammation as a Promoter of Dysbiosis 

It is widely recognized that intestinal inflammation leads to disturbance of the gut microbiota [17]. 
Inflammatory stressors alter the microenvironment, which selects for the most adaptable microbiomes to 
thrive. These stressors include changes in nutrient sources, oxygen and iron availability, secretion of ROS 
and reactive nitrogen species (RNS) by immune cells, and the release of sialic acid by mucin2 (MUC2), 
a secretory protein abundantly found in the human gut. Notably, the emergence of Enterobacteriaceae, a 
group of Gram-negative bacteria that includes pathobionts like E. coli, Salmonella, Klebsiella, Shigella, 
and Yersinia pestis, has been closely associated with intestinal inflammation. As LPS, a cell wall 
component of Enterobacteriacease, is a potent PAMP promoting inflammatory responses, the bloom of 
Enterobacteriacease at the expenses of other commensal bacteria such as Bacteroidia and Clostridia is 
considered to be classical dysbiosis. For example, patients with Inflammatory Bowel Diseases (IBD) 
exhibit a higher prevalence of Enterobacteriaceae, including adherent invasive E. coli [148], suggesting 
that their growth is more likely a consequence rather than a cause of inflammation [17]. Inflammation 
also alters nutrient sources for gut bacteria. Damage to the mucosal epithelium due to inflammation 
results in shedding of deceased epithelial cells and a heightened level of phospholipids, including 
ethanolamine, derived from membrane of these deceased cells. Certain bacterial species can utilize 
ethanolamine as a source of carbon and nitrogen, thereby promoting the overgrowth of bacteria such as 
Salmonella and Pseudomonas [149]. Secretion of superoxide radicals, including nitric oxide (NO), is 
part of the inflammation process. The nitrate-rich microenvironment in inflammatory intestinal tissue 
favors the growth of E.coli, which is capable of nitrate respiration, but restricts the growth of obligate 
anaerobic bacteria such as Bacteroidia and Clostridia [150]. Enterobacteriaceae are facultative 
anaerobes that can adapt to oxygen availability in the intestine and obtain energy by switching between 
aerobic respiration and fermentation. A more aerobic microenvironment in the inflammatory intestine, 
due to higher blood flow and hemoglobin, favors the growth of Enterobacteriaceae, including Salmonella 
and E.coli [151]. Crucial to the maintenance of intestinal integrity and microbiome homeostasis is MUC2 
[152]. During inflammation, the activation of NF-κB upregulates MUC2 expression. Sialic acid, one of 
the carbohydrates present in mucins, can be utilized by specific bacteria such as E. coli. Inflammatory 
processes lead to an upsurge in MUC2 production and sialidase activity, which facilitates the release of 
sialic acid from the intestinal tissue. This, in turn, promotes the proliferation of E. coli during 
inflammation [153]. Although an abundance of evidence supports the notion that local inflammation in 
intestine skews the microenvironment in favor of certain bacteria, specifically pathobiont species of 
Enterobacteriaceae resulting in dysbiosis, there remains insufficient evidence to suggest a direct impact 
of systemic inflammation on gut microbiota. While the studies above point to the mediating effect of 
inflammatory micro-environment on microbiota communities, the effect of systematic inflammation on 
microbiota remains to be determined. 

4. Conclusion 

The pathogenesis of asthma remains a subject of ongoing investigation, with several underlying 
mechanisms yet to be fully elucidated. Recent research has highlighted the intricate interplay between 
inflammation, obesity, and the microbiota in the context of asthma. Growing body of evidence has led to 
the identification of two major asthma endotypes: Th2-high asthma, characterized by type 2 cytokines, 
eosinophilic and allergic inflammation, and immunoglobulin E (IgE) synthesis; and the Th2-low 
endotype, characterized by neutrophilic and systemic inflammation, often associated with obesity and 
corticosteroid resistance. Importantly, the inflammatory pathways involved in these endotypes exhibit 
distinct features. 
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Moving forward, the treatment of asthma should embrace a personalized approach, considering the 
individual patient's endotype. The intricate relationship among inflammation, obesity, and the microbiota 
underlining the pathophysiological mechanism of asthma support the notion that a comprehensive 
treatment strategy targeting obesity, systemic inflammation, and dysbiosis simultaneously may yield 
more favorable therapeutic outcomes for individuals with the Th2-low endotype, which is often 
associated with severe uncontrolled asthma. In this context, there is a need for future studies to explore 
human intervention trials in order to validate these promising therapeutic approaches. By understanding 
the underlying mechanisms and tailoring interventions accordingly, it is hoped that future treatments will 
yield improved outcomes for asthma patients. 

Acknowledgements 

The author would like to thank Dr Kelly Kane and Dr Kathy Prelack for their comments and 
suggestions on the manuscript. 

References  

[1] Papi, A.; Brightling, C.; Pedersen, S.E.; Reddel, H.K. Asthma. The Lancet 2018, 391, 783–800, 
doi:10.1016/S0140-6736(17)33311-1. 
[2] Salmanpour, F.; Kian, N.; Samieefar, N.; Khazeei Tabari, M.A.; Rezaei, N. Asthma and Vitamin D 
Deficiency: Occurrence, Immune Mechanisms, and New Perspectives. J Immunol Res 2022, 2022, 
6735900, doi:10.1155/2022/6735900. 
[3] Fainardi, V.; Passadore, L.; Labate, M.; Pisi, G.; Esposito, S. An Overview of the Obese-Asthma 
Phenotype in Children. Int J Environ Res Public Health 2022, 19, 636, doi:10.3390/ijerph19020636. 
[4] Kuruvilla, M.E.; Lee, F.E.-H.; Lee, G.B. Understanding Asthma Phenotypes, Endotypes, and 
Mechanisms of Disease. Clin Rev Allergy Immunol 2019, 56, 219–233, doi:10.1007/s12016-018-8712-
1. 
[5] Woodruff, P.G.; Modrek, B.; Choy, D.F.; Jia, G.; Abbas, A.R.; Ellwanger, A.; Arron, J.R.; Koth, L.L.; 
Fahy, J.V. T-Helper Type 2–Driven Inflammation Defines Major Subphenotypes of Asthma. Am J Respir 
Crit Care Med 2009, 180, 388–395, doi:10.1164/rccm.200903-0392OC. 
[6] Boulet, L.-P.; Levy, M.L.; Decker, R.; Rurey, K. A POCKET GUIDUEpMFAdTOaERtRIeALdH- 
DEMOAaLyT2H02P2ROFESSIONALS GINCAhSaicr: IeHnecleenCCROoPem YdRmdIGeitHlt, 
TeMEeDBBS PhD GINA Board of Directors. 2022. 
[7] Chen, X.; Kang, Y.-B.; Wang, L.-Q.; Li, Y.; Luo, Y.-W.; Zhu, Z.; Chen, R. Addition to Inhaled 
Corticosteroids of Leukotriene Receptor Antagonists versus Theophylline for Symptomatic Asthma: A 
Meta-Analysis. J Thorac Dis 2015, 7, 644–652, doi:10.3978/j.issn.2072-1439.2015.04.12. 
[8] Alwarith, J.; Kahleova, H.; Crosby, L.; Brooks, A.; Brandon, L.; Levin, S.M.; Barnard, N.D. The Role 
of Nutrition in Asthma Prevention and Treatment. Nutrition Reviews 2020, 78, 928–938, doi: 10.1093/ 
nutrit/nuaa005. 
[9] Fahy, J.V. Type 2 Inflammation in Asthma — Present in Most, Absent in Many. Nat Rev Immunol 
2015, 15, 57–65, doi:10.1038/nri3786. 
[10] Habib, N.; Pasha, M.A.; Tang, D.D. Current Understanding of Asthma Pathogenesis and 
Biomarkers. Cells 2022, 11, 2764, doi:10.3390/cells11172764. 
[11] Lambrecht, B.N.; Hammad, H.; Fahy, J.V. The Cytokines of Asthma. Immunity 2019, 50, 975–991, 
doi:10.1016/j.immuni.2019.03.018. 
[12] Barcik, W.; Boutin, R.C.T.; Sokolowska, M.; Finlay, B.B. The Role of Lung and Gut Microbiota in 
the Pathology of Asthma. Immunity 2020, 52, 241–255, doi:10.1016/j.immuni.2020.01.007. 
[13] Tilg, H.; Zmora, N.; Adolph, T.E.; Elinav, E. The Intestinal Microbiota Fuelling Metabolic 
Inflammation. Nat Rev Immunol 2020, 20, 40–54, doi:10.1038/s41577-019-0198-4. 
[14] Frati, F.; Salvatori, C.; Incorvaia, C.; Bellucci, A.; Di Cara, G.; Marcucci, F.; Esposito, S. The Role 
of the Microbiome in Asthma: The Gut−Lung Axis. Int J Mol Sci 2018, 20, 123, doi: 10.3390/ijms 
20010123. 
[15] Duranti, S.; Ferrario, C.; van Sinderen, D.; Ventura, M.; Turroni, F. Obesity and Microbiota: An 
Example of an Intricate Relationship. Genes & Nutrition 2017, 12, 18, doi:10.1186/s12263-017-0566-2. 
[16] Sharma, V.; Cowan, D.C. Obesity, Inflammation, and Severe Asthma: An Update. Curr Allergy 
Asthma Rep 2021, 21, 46, doi:10.1007/s11882-021-01024-9. 
[17] Zeng, M.Y.; Inohara, N.; Nuñez, G. Mechanisms of Inflammation-Driven Bacterial Dysbiosis in the 
Gut. Mucosal Immunol 2017, 10, 18–26, doi:10.1038/mi.2016.75. 
[18] Tashiro, H.; Shore, S.A. Obesity and Severe Asthma. Allergology International 2019, 68, 135–142, 



Frontiers in Medical Science Research 
ISSN 2618-1584 Vol. 6, Issue 7: 17-35, DOI: 10.25236/FMSR.2024.060703 

Published by Francis Academic Press, UK 
-29- 

doi:10.1016/j.alit.2018.10.004. 
[19] Peters, U.; Dixon, A.E.; Forno, E. Obesity and Asthma. Journal of Allergy and Clinical Immunology 
2018, 141, 1169–1179, doi:10.1016/j.jaci.2018.02.004. 
[20] Campbell, C.; Kandalgaonkar, M.R.; Golonka, R.M.; Yeoh, B.S.; Vijay-Kumar, M.; Saha, P. 
Crosstalk between Gut Microbiota and Host Immunity: Impact on Inflammation and Immunotherapy. 
Biomedicines 2023, 11, 294, doi:10.3390/biomedicines11020294. 
[21] Cox, A.J.; West, N.P.; Cripps, A.W. Obesity, Inflammation, and the Gut Microbiota. The Lancet 
Diabetes & Endocrinology 2015, 3, 207–215, doi:10.1016/S2213-8587(14)70134-2. 
[22] Mishra, V.; Banga, J.; Silveyra, P. Oxidative Stress and Cellular Pathways of Asthma and 
Inflammation: Therapeutic Strategies and Pharmacological Targets. Pharmacol Ther 2018, 181, 169–
182, doi:10.1016/j.pharmthera.2017.08.011. 
[23] Papi, A.; Blasi, F.; Canonica, G.W.; Morandi, L.; Richeldi, L.; Rossi, A. Treatment Strategies for 
Asthma: Reshaping the Concept of Asthma Management. Allergy, Asthma & Clinical Immunology 2020, 
16, 75, doi:10.1186/s13223-020-00472-8. 
[24] Wood, L.G.; Baines, K.J.; Fu, J.; Scott, H.A.; Gibson, P.G. The Neutrophilic Inflammatory 
Phenotype Is Associated with Systemic Inflammation in Asthma. Chest 2012, 142, 86–93, 
doi:10.1378/chest.11-1838. 
[25] Fu, J.; Baines, K.J.; Wood, L.G.; Gibson, P.G. Systemic Inflammation Is Associated with Differential 
Gene Expression and Airway Neutrophilia in Asthma. OMICS 2013, 17, 187–199, doi:10.1089/omi. 
2012.0104. 
[26] Zhong, J.; Shi, G. Editorial: Regulation of Inflammation in Chronic Disease. Front. Immunol. 2019, 
10, 737, doi:10.3389/fimmu.2019.00737. 
[27] Medzhitov, R. Inflammation 2010: New Adventures of an Old Flame. Cell 2010, 140, 771–776, 
doi:10.1016/j.cell.2010.03.006. 
[28] Yang, J.; Wise, L.; Fukuchi, K.-I. TLR4 Cross-Talk With NLRP3 Inflammasome and Complement 
Signaling Pathways in Alzheimer’s Disease. Front Immunol 2020, 11, 724, doi:10.3389/fimmu. 2020. 
00724. 
[29] Sendler, M.; van den Brandt, C.; Glaubitz, J.; Wilden, A.; Golchert, J.; Weiss, F.U.; Homuth, G.; De 
Freitas Chama, L.L.; Mishra, N.; Mahajan, U.M.; et al. NLRP3 Inflammasome Regulates Development 
of Systemic Inflammatory Response and Compensatory Anti-Inflammatory Response Syndromes in Mice 
With Acute Pancreatitis. Gastroenterology 2020, 158, 253-269.e14, doi:10.1053/j.gastro.2019.09.040. 
[30] Walker, J.A.; McKenzie, A.N.J. TH2 Cell Development and Function. Nat Rev Immunol 2018, 18, 
121–133, doi:10.1038/nri.2017.118. 
[31] Ting, J.P.Y.; Harton, J.A. NLRP3 Moonlights in TH2 Polarization. Nat Immunol 2015, 16, 794–796, 
doi:10.1038/ni.3223. 
[32] Theofani, E.; Semitekolou, M.; Morianos, I.; Samitas, K.; Xanthou, G. Targeting NLRP3 
Inflammasome Activation in Severe Asthma. J Clin Med 2019, 8, 1615, doi:10.3390/jcm8101615. 
[33] Stacey, M.A.; Sun, G.; Vassalli, G.; Marini, M.; Bellini, A.; Mattoli, S. The Allergen Der P1 Induces 
NF-KappaB Activation through Interference with IkappaB Alpha Function in Asthmatic Bronchial 
Epithelial Cells. Biochem Biophys Res Commun 1997, 236, 522–526, doi:10.1006/bbrc.1997.6997. 
[34] McKinley, L.; Alcorn, J.F.; Peterson, A.; Dupont, R.B.; Kapadia, S.; Logar, A.; Henry, A.; Irvin, 
C.G.; Piganelli, J.D.; Ray, A.; et al. TH17 Cells Mediate Steroid-Resistant Airway Inflammation and 
Airway Hyperresponsiveness in Mice. J Immunol 2008, 181, 4089–4097, doi:10.4049/jimmunol. 
181.6.4089. 
[35] Kudo, M.; Melton, A.C.; Chen, C.; Engler, M.B.; Huang, K.E.; Ren, X.; Wang, Y.; Bernstein, X.; Li, 
J.T.; Atabai, K.; et al. IL-17A Produced by Αβ T Cells Drives Airway Hyper-Responsiveness in Mice and 
Enhances Mouse and Human Airway Smooth Muscle Contraction. Nat Med 2012, 18, 547–554, 
doi:10.1038/nm.2684. 
[36] Choy, D.F.; Hart, K.M.; Borthwick, L.A.; Shikotra, A.; Nagarkar, D.R.; Siddiqui, S.; Jia, G.; Ohri, 
C.M.; Doran, E.; Vannella, K.M.; et al. TH2 and TH17 Inflammatory Pathways Are Reciprocally 
Regulated in Asthma. Sci Transl Med 2015, 7, 301ra129, doi:10.1126/scitranslmed.aab3142. 
[37] Hastie, A.T.; Moore, W.C.; Li, H.; Rector, B.M.; Ortega, V.E.; Pascual, R.M.; Peters, S.P.; Meyers, 
D.A.; Bleecker, E.R.; National Heart, Lung, and Blood Institute’s Severe Asthma Research Program 
Biomarker Surrogates Do Not Accurately Predict Sputum Eosinophil and Neutrophil Percentages in 
Asthmatic Subjects. J Allergy Clin Immunol 2013, 132, 72–80, doi:10.1016/j.jaci.2013.03.044. 
[38] Na, H.; Lim, H.; Choi, G.; Kim, B.-K.; Kim, S.-H.; Chang, Y.-S.; Nurieva, R.; Dong, C.; Chang, 
S.H.; Chung, Y. Concomitant Suppression of TH2 and TH17 Cell Responses in Allergic Asthma by 
Targeting Retinoic Acid Receptor-Related Orphan Receptor Γt. J Allergy Clin Immunol 2018, 141, 2061-
2073.e5, doi:10.1016/j.jaci.2017.07.050. 
[39] Zhang, H.; Fu, R.; Guo, C.; Huang, Y.; Wang, H.; Wang, S.; Zhao, J.; Yang, N. Anti-DsDNA 



Frontiers in Medical Science Research 
ISSN 2618-1584 Vol. 6, Issue 7: 17-35, DOI: 10.25236/FMSR.2024.060703 

Published by Francis Academic Press, UK 
-30- 

Antibodies Bind to TLR4 and Activate NLRP3 Inflammasome in Lupus Monocytes/Macrophages. J 
Transl Med 2016, 14, 156, doi:10.1186/s12967-016-0911-z. 
[40] Zhao, J.; Wang, H.; Dai, C.; Wang, H.; Zhang, H.; Huang, Y.; Wang, S.; Gaskin, F.; Yang, N.; Fu, 
S.M. P2X7 Blockade Attenuates Murine Lupus Nephritis by Inhibiting Activation of the 
NLRP3/ASC/Caspase 1 Pathway. Arthritis Rheum 2013, 65, 3176–3185, doi:10.1002/art.38174. 
[41] Zhao, C.; Gu, Y.; Zeng, X.; Wang, J. NLRP3 Inflammasome Regulates Th17 Differentiation in 
Rheumatoid Arthritis. Clinical Immunology 2018, 197, 154–160, doi:10.1016/j.clim.2018.09.007. 
[42] Zakeri, A.; Russo, M. Dual Role of Toll-like Receptors in Human and Experimental Asthma Models. 
Frontiers in Immunology 2018, 9. 
[43] Cordain, L.; Eaton, S.B.; Sebastian, A.; Mann, N.; Lindeberg, S.; Watkins, B.A.; O’Keefe, J.H.; 
Brand-Miller, J. Origins and Evolution of the Western Diet: Health Implications for the 21st Century. 
Am J Clin Nutr 2005, 81, 341–354, doi:10.1093/ajcn.81.2.341. 
[44] Scott, H.A.; Gibson, P.G.; Garg, M.L.; Pretto, J.J.; Morgan, P.J.; Callister, R.; Wood, L.G. Dietary 
Restriction and Exercise Improve Airway Inflammation and Clinical Outcomes in Overweight and Obese 
Asthma: A Randomized Trial. Clin Exp Allergy 2013, 43, 36–49, doi:10.1111/cea.12004. 
[45] Mutius, E.; Braun-Fahrländer, C.; Schierl, R.; Riedler, J.; Ehlermann, S.; Maisch, S.; Waser, M.; 
Nowak, D. Exposure to Endotoxin or Other Bacterial Components Might Protect against the 
Development of Atopy. Clinical and experimental allergy : journal of the British Society for Allergy and 
Clinical Immunology 2000, 30, 1230–1234, doi:10.1046/j.1365-2222.2000.00959.x. 
[46] García, L.N.; Leimgruber, C.; Uribe Echevarría, E.M.; Acosta, P.L.; Brahamian, J.M.; Polack, F.P.; 
Miró, M.S.; Quintar, A.A.; Sotomayor, C.E.; Maldonado, C.A. Protective Phenotypes of Club Cells and 
Alveolar Macrophages Are Favored as Part of Endotoxin-Mediated Prevention of Asthma. Exp Biol Med 
(Maywood) 2015, 240, 904–916, doi:10.1177/1535370214562338. 
[47] Williams, L.K.; Ownby, D.R.; Maliarik, M.J.; Johnson, C.C. The Role of Endotoxin and Its 
Receptors in Allergic Disease. Ann Allergy Asthma Immunol 2005, 94, 323–332, doi:10.1016/S1081-
1206(10)60983-0. 
[48] Esty, B.; Phipatanakul, W. School Exposure and Asthma. Ann Allergy Asthma Immunol 2018, 120, 
482–487, doi:10.1016/j.anai.2018.01.028. 
[49] Eisenbarth, S.C.; Piggott, D.A.; Huleatt, J.W.; Visintin, I.; Herrick, C.A.; Bottomly, K. 
Lipopolysaccharide-Enhanced, Toll-like Receptor 4-Dependent T Helper Cell Type 2 Responses to 
Inhaled Antigen. J Exp Med 2002, 196, 1645–1651, doi:10.1084/jem.20021340. 
[50] Dong, L.; Li, H.; Wang, S.; Li, Y. Different Doses of Lipopolysaccharides Regulate the Lung 
Inflammation of Asthmatic Mice via TLR4 Pathway in Alveolar Macrophages. J Asthma 2009, 46, 229–
233, doi: 10.1080/02770900802610050. 
[51] Zmora, N.; Suez, J.; Elinav, E. You Are What You Eat: Diet, Health and the Gut Microbiota. Nat 
Rev Gastroenterol Hepatol 2019, 16, 35–56, doi:10.1038/s41575-018-0061-2. 
[52] Peters, J.I.; McKinney, J.M.; Smith, B.; Wood, P.; Forkner, E.; Galbreath, A.D. Impact of Obesity 
in Asthma: Evidence from a Large Prospective Disease Management Study. Ann Allergy Asthma Immunol 
2011, 106, 30–35, doi:10.1016/j.anai.2010.10.015. 
[53] Thompson, C.A.; Eslick, S.R.; Berthon, B.S.; Wood, L.G. Asthma Medication Use in Obese and 
Healthy Weight Asthma: Systematic Review/Meta-Analysis. Eur Respir J 2021, 57, 2000612, 
doi:10.1183/13993003.00612-2020. 
[54] Yücel, Ü.Ö.; Çalış, A.G. The Relationship between General and Abdominal Obesity, Nutrition and 
Respiratory Functions in Adult Asthmatics. J Asthma 2022, 1–8, doi:10.1080/02770903.2022.2137038. 
[55] Au Yeung, S.L.; Li, A.M.; Schooling, C.M. A Life Course Approach to Elucidate the Role of Adiposity 
in Asthma Risk: Evidence from a Mendelian Randomisation Study. J Epidemiol Community Health 2021, 
75, 277–281, doi:10.1136/jech-2020-213745. 
[56] Chen, Y.-C.; Fan, H.-Y.; Huang, Y.-T.; Huang, S.-Y.; Liou, T.-H.; Lee, Y.L. Causal Relationships 
between Adiposity and Childhood Asthma: Bi-Directional Mendelian Randomization Analysis. Int J Obes 
(Lond) 2019, 43, 73–81, doi:10.1038/s41366-018-0160-8. 
[57] Gupta, S.; Lodha, R.; Kabra, S.K. Asthma, GERD and Obesity: Triangle of Inflammation. Indian J 
Pediatr 2018, 85, 887–892, doi:10.1007/s12098-017-2484-0. 
[58] Özbey, Ü.; Balaban, S.; Sözener, Z.Ç.; Uçar, A.; Mungan, D.; Mısırlıgil, Z. The Effects of Diet-
Induced Weight Loss on Asthma Control and Quality of Life in Obese Adults with Asthma: A Randomized 
Controlled Trial. Journal of Asthma 2020, 57, 618–626, doi:10.1080/02770903.2019.1590594. 
[59] Guerrero, S.C.; Panettieri, R.A.; Rastogi, D. Mechanistic Links Between Obesity and Airway 
Pathobiology Inform Therapies for Obesity-Related Asthma. Paediatr Drugs 2023, 25, 283–299, 
doi:10.1007/s40272-022-00554-7. 
[60] Conus, S.; Bruno, A.; Simon, H.-U. Leptin Is an Eosinophil Survival Factor. J Allergy Clin Immunol 
2005, 116, 1228–1234, doi:10.1016/j.jaci.2005.09.003. 



Frontiers in Medical Science Research 
ISSN 2618-1584 Vol. 6, Issue 7: 17-35, DOI: 10.25236/FMSR.2024.060703 

Published by Francis Academic Press, UK 
-31- 

[61] Bruno, A.; Conus, S.; Schmid, I.; Simon, H.-U. Apoptotic Pathways Are Inhibited by Leptin Receptor 
Activation in Neutrophils. J Immunol 2005, 174, 8090–8096, doi:10.4049/jimmunol.174.12.8090. 
[62] Zarkesh-Esfahani, H.; Pockley, A.G.; Wu, Z.; Hellewell, P.G.; Weetman, A.P.; Ross, R.J.M. Leptin 
Indirectly Activates Human Neutrophils via Induction of TNF-Alpha. J Immunol 2004, 172, 1809–1814, 
doi:10.4049/jimmunol.172.3.1809. 
[63] Kato, H.; Ueki, S.; Kamada, R.; Kihara, J.; Yamauchi, Y.; Suzuki, T.; Takeda, M.; Itoga, M.; Chihara, 
M.; Ito, W.; et al. Leptin Has a Priming Effect on Eotaxin-Induced Human Eosinophil Chemotaxis. Int 
Arch Allergy Immunol 2011, 155, 335–344, doi:10.1159/000321195. 
[64] Watanabe, K.; Suzukawa, M.; Kawauchi-Watanabe, S.; Igarashi, S.; Asari, I.; Imoto, S.; Tashimo, 
H.; Fukami, T.; Hebisawa, A.; Tohma, S.; et al. Leptin-Producing Monocytes in the Airway Submucosa 
May Contribute to Asthma Pathogenesis. Respir Investig 2023, 61, 5–15, doi:10.1016/j.resinv. 2022.09. 
005. 
[65] Vollmer, C.M.; Dias, A.S.O.; Lopes, L.M.; Kasahara, T.M.; Delphim, L.; Silva, J.C.C.; Lourenço, 
L.P.; Gonçalves, H.C.; Linhares, U.C.; Gupta, S.; et al. Leptin Favors Th17/Treg Cell Subsets Imbalance 
Associated with Allergic Asthma Severity. Clinical & Translational All 2022, 12, doi:10.1002/clt2.12153. 
[66] Shore, S.A.; Schwartzman, I.N.; Mellema, M.S.; Flynt, L.; Imrich, A.; Johnston, R.A. Effect of Leptin 
on Allergic Airway Responses in Mice. J Allergy Clin Immunol 2005, 115, 103–109, doi:10.1016/j.jaci. 
2004.10.007. 
[67] Liang, L.; Hur, J.; Kang, J.Y.; Rhee, C.K.; Kim, Y.K.; Lee, S.Y. Effect of the Anti-IL-17 Antibody on 
Allergic Inflammation in an Obesity-Related Asthma Model. Korean J Intern Med 2018, 33, 1210–1223, 
doi:10.3904/kjim.2017.207. 
[68] Sánchez-Ortega, H.; Jiménez-Cortegana, C.; Novalbos-Ruiz, J.P.; Gómez-Bastero, A.; Soto-
Campos, J.G.; Sánchez-Margalet, V. Role of Leptin as a Link between Asthma and Obesity: A Systematic 
Review and Meta-Analysis. Int J Mol Sci 2022, 24, 546, doi:10.3390/ijms24010546. 
[69] Muc, M.; Todo-Bom, A.; Mota-Pinto, A.; Vale-Pereira, S.; Loureiro, C. Leptin and Resistin in 
Overweight Patients with and without Asthma. Allergol Immunopathol (Madr) 2014, 42, 415–421, 
doi:10.1016/j.aller.2013.03.004. 
[70] Machado, M.E.; Porto, L.C.; Alves Galvão, M.G.; Sant’Anna, C.C.; Lapa E Silva, J.R. SNPs, 
Adipokynes and Adiposity in Children with Asthma. J Asthma 2023, 60, 446–457, doi:10.1080/02770903. 
2022.2077218. 
[71] Maffeis, L.; Agostoni, C.V.; Marafon, D.P.; Terranova, L.; Giavoli, C.; Milani, G.P.; Lelii, M.; 
Madini, B.; Marchisio, P.; Patria, M.F. Cytokines Profile and Lung Function in Children with Obesity 
and Asthma: A Case Control Study. Children 2022, 9, 1462, doi:10.3390/children9101462. 
[72] Otelea, M.R.; Arghir, O.C.; Zugravu, C.; Rascu, A. Adiponectin and Asthma: Knowns, Unknowns 
and Controversies. Int J Mol Sci 2021, 22, 8971, doi:10.3390/ijms22168971. 
[73] Yamashita, T.; Lakota, K.; Taniguchi, T.; Yoshizaki, A.; Sato, S.; Hong, W.; Zhou, X.; Sodin-Semrl, 
S.; Fang, F.; Asano, Y.; et al. An Orally-Active Adiponectin Receptor Agonist Mitigates Cutaneous 
Fibrosis, Inflammation and Microvascular Pathology in a Murine Model of Systemic Sclerosis. Sci Rep 
2018, 8, 11843, doi:10.1038/s41598-018-29901-w. 
[74] Kawai, T.; Autieri, M.V.; Scalia, R. Adipose Tissue Inflammation and Metabolic Dysfunction in 
Obesity. Am J Physiol Cell Physiol 2021, 320, C375–C391, doi:10.1152/ajpcell.00379.2020. 
[75] de Lima Azambuja, R.; da Costa Santos Azambuja, L.S.E.; Costa, C.; Rufino, R. Adiponectin in 
Asthma and Obesity: Protective Agent or Risk Factor for More Severe Disease? Lung 2015, 193, 749–
755, doi:10.1007/s00408-015-9793-8. 
[76] Ying, X.; Lin, J.; Yuan, S.; Pan, C.; Dong, W.; Zhang, J.; Zhang, L.; Lin, J.; Yin, Y.; Wu, J. 
Comparison of Pulmonary Function and Inflammation in Children/Adolescents with New-Onset Asthma 
with Different Adiposity Statuses. Nutrients 2022, 14, 2968, doi:10.3390/nu14142968. 
[77] Nyambuya, T.M.; Dludla, P.V.; Mxinwa, V.; Nkambule, B.B. Obesity-Related Asthma in Children Is 
Characterized by T-Helper 1 Rather than T-Helper 2 Immune Response: A Meta-Analysis. Annals of 
Allergy, Asthma & Immunology 2020, 125, 425-432.e4, doi:10.1016/j.anai.2020.06.020. 
[78] Valverde-Molina, J.; García-Marcos, L. Microbiome and Asthma: Microbial Dysbiosis and the 
Origins, Phenotypes, Persistence, and Severity of Asthma. Nutrients 2023, 15, 486, doi:10.3390/nu 
15030486. 
[79] Galazzo, G.; van Best, N.; Bervoets, L.; Dapaah, I.O.; Savelkoul, P.H.; Hornef, M.W.; Lau, S.; 
Hamelmann, E.; Penders, J.; Hutton, E.K.; et al. Development of the Microbiota and Associations With 
Birth Mode, Diet, and Atopic Disorders in a Longitudinal Analysis of Stool Samples, Collected From 
Infancy Through Early Childhood. Gastroenterology 2020, 158, 1584–1596, doi:10.1053/j.gastro. 
2020.01.024. 
[80] Penders, J.; Thijs, C.; Vink, C.; Stelma, F.F.; Snijders, B.; Kummeling, I.; van den Brandt, P.A.; 
Stobberingh, E.E. Factors Influencing the Composition of the Intestinal Microbiota in Early Infancy. 



Frontiers in Medical Science Research 
ISSN 2618-1584 Vol. 6, Issue 7: 17-35, DOI: 10.25236/FMSR.2024.060703 

Published by Francis Academic Press, UK 
-32- 

Pediatrics 2006, 118, 511–521, doi:10.1542/peds.2005-2824. 
[81] Neu, J.; Rushing, J. Cesarean versus Vaginal Delivery: Long Term Infant Outcomes and the Hygiene 
Hypothesis. Clin Perinatol 2011, 38, 321–331, doi:10.1016/j.clp.2011.03.008. 
[82] Sapartini, G.; Wong, G.W.K.; Indrati, A.R.; Kartasasmita, C.B.; Setiabudiawan, B. Stunting as a 
Risk Factor for Asthma: The Role of Vitamin D, Leptin, IL-4, and CD23. Medicina (Kaunas) 2022, 58, 
1236, doi:10.3390/medicina58091236. 
[83] Dominguez-Bello, M.G.; Costello, E.K.; Contreras, M.; Magris, M.; Hidalgo, G.; Fierer, N.; Knight, 
R. Delivery Mode Shapes the Acquisition and Structure of the Initial Microbiota across Multiple Body 
Habitats in Newborns. Proc Natl Acad Sci U S A 2010, 107, 11971–11975, doi:10.1073/pnas.1002601107. 
[84] Thavagnanam, S.; Fleming, J.; Bromley, A.; Shields, M.D.; Cardwell, C.R. A Meta-Analysis of the 
Association between Caesarean Section and Childhood Asthma. Clin Exp Allergy 2008, 38, 629–633, 
doi:10.1111/j.1365-2222.2007.02780.x. 
[85] Coppa, G.V.; Zampini, L.; Galeazzi, T.; Gabrielli, O. Prebiotics in Human Milk: A Review. Dig 
Liver Dis 2006, 38 Suppl 2, S291-294, doi:10.1016/S1590-8658(07)60013-9. 
[86] Xue, M.; Dehaas, E.; Chaudhary, N.; O’Byrne, P.; Satia, I.; Kurmi, O.P. Breastfeeding and Risk of 
Childhood Asthma: A Systematic Review and Meta-Analysis. ERJ Open Res 2021, 7, 00504–02021, 
doi:10.1183/23120541.00504-2021. 
[87] Dogaru, C.M.; Nyffenegger, D.; Pescatore, A.M.; Spycher, B.D.; Kuehni, C.E. Breastfeeding and 
Childhood Asthma: Systematic Review and Meta-Analysis. Am J Epidemiol 2014, 179, 1153–1167, 
doi:10.1093/aje/kwu072. 
[88] Fallani, M.; Amarri, S.; Uusijarvi, A.; Adam, R.; Khanna, S.; Aguilera, M.; Gil, A.; Vieites, J.M.; 
Norin, E.; Young, D.; et al. Determinants of the Human Infant Intestinal Microbiota after the Introduction 
of First Complementary Foods in Infant Samples from Five European Centres. Microbiology 2011, 157, 
1385–1392, doi:10.1099/mic.0.042143-0. 
[89] Bergström, A.; Skov, T.H.; Bahl, M.I.; Roager, H.M.; Christensen, L.B.; Ejlerskov, K.T.; Mølgaard, 
C.; Michaelsen, K.F.; Licht, T.R. Establishment of Intestinal Microbiota during Early Life: A 
Longitudinal, Explorative Study of a Large Cohort of Danish Infants. Appl Environ Microbiol 2014, 80, 
2889–2900, doi:10.1128/AEM.00342-14. 
[90] Bejaoui, S.; Poulsen, M. The Impact of Early Life Antibiotic Use on Atopic and Metabolic Disorders. 
Evol Med Public Health 2020, 2020, 279–289, doi:10.1093/emph/eoaa039. 
[91] Yamamoto-Hanada, K.; Yang, L.; Narita, M.; Saito, H.; Ohya, Y. Influence of Antibiotic Use in Early 
Childhood on Asthma and Allergic Diseases at Age 5. Annals of Allergy, Asthma & Immunology 2017, 
119, 54–58, doi:10.1016/j.anai.2017.05.013. 
[92] Ni, J.; Friedman, H.; Boyd, B.C.; McGurn, A.; Babinski, P.; Markossian, T.; Dugas, L.R. Early 
Antibiotic Exposure and Development of Asthma and Allergic Rhinitis in Childhood. BMC Pediatr 2019, 
19, 225, doi:10.1186/s12887-019-1594-4. 
[93] Patrick, D.M.; Sbihi, H.; Dai, D.L.Y.; Al Mamun, A.; Rasali, D.; Rose, C.; Marra, F.; Boutin, R.C.T.; 
Petersen, C.; Stiemsma, L.T.; et al. Decreasing Antibiotic Use, the Gut Microbiota, and Asthma Incidence 
in Children: Evidence from Population-Based and Prospective Cohort Studies. The Lancet Respiratory 
Medicine 2020, 8, 1094–1105, doi:10.1016/S2213-2600(20)30052-7. 
[94] Toivonen, L.; Schuez-Havupalo, L.; Karppinen, S.; Waris, M.; Hoffman, K.L.; Camargo, C.A.; 
Hasegawa, K.; Peltola, V. Antibiotic Treatments During Infancy, Changes in Nasal Microbiota, and 
Asthma Development: Population-Based Cohort Study. Clinical Infectious Diseases 2021, 72, 1546–
1554, doi:10.1093/cid/ciaa262. 
[95] Korpela, K.; Salonen, A.; Virta, L.J.; Kekkonen, R.A.; Forslund, K.; Bork, P.; de Vos, W.M. Intestinal 
Microbiome Is Related to Lifetime Antibiotic Use in Finnish Pre-School Children. Nat Commun 2016, 7, 
10410, doi:10.1038/ncomms10410. 
[96] Alsharairi, N.A. The Role of Short-Chain Fatty Acids in the Interplay between a Very Low-Calorie 
Ketogenic Diet and the Infant Gut Microbiota and Its Therapeutic Implications for Reducing Asthma. Int 
J Mol Sci 2020, 21, 9580, doi:10.3390/ijms21249580. 
[97] Trompette, A.; Gollwitzer, E.S.; Yadava, K.; Sichelstiel, A.K.; Sprenger, N.; Ngom-Bru, C.; 
Blanchard, C.; Junt, T.; Nicod, L.P.; Harris, N.L.; et al. Gut Microbiota Metabolism of Dietary Fiber 
Influences Allergic Airway Disease and Hematopoiesis. Nat Med 2014, 20, 159–166, 
doi:10.1038/nm.3444. 
[98] Halnes, I.; Baines, K.J.; Berthon, B.S.; MacDonald-Wicks, L.K.; Gibson, P.G.; Wood, L.G. Soluble 
Fibre Meal Challenge Reduces Airway Inflammation and Expression of GPR43 and GPR41 in Asthma. 
Nutrients 2017, 9, 57, doi:10.3390/nu9010057. 
[99] Pérez-Losada, M.; Authelet, K.J.; Hoptay, C.E.; Kwak, C.; Crandall, K.A.; Freishtat, R.J. Pediatric 
Asthma Comprises Different Phenotypic Clusters with Unique Nasal Microbiotas. Microbiome 2018, 6, 
179, doi: 10.1186/s40168-018-0564-7. 



Frontiers in Medical Science Research 
ISSN 2618-1584 Vol. 6, Issue 7: 17-35, DOI: 10.25236/FMSR.2024.060703 

Published by Francis Academic Press, UK 
-33- 

[100] Depner, M.; Ege, M.J.; Cox, M.J.; Dwyer, S.; Walker, A.W.; Birzele, L.T.; Genuneit, J.; Horak, E.; 
Braun-Fahrländer, C.; Danielewicz, H.; et al. Bacterial Microbiota of the Upper Respiratory Tract and 
Childhood Asthma. J Allergy Clin Immunol 2017, 139, 826-834.e13, doi:10.1016/j.jaci.2016.05.050. 
[101] Zhang, X.; Zhang, X.; Zhang, N.; Wang, X.; Sun, L.; Chen, N.; Zhao, S.; He, Q. Airway Microbiome, 
Host Immune Response and Recurrent Wheezing in Infants with Severe Respiratory Syncytial Virus 
Bronchiolitis. Pediatr Allergy Immunol 2020, 31, 281–289, doi:10.1111/pai.13183. 
[102] Mansbach, J.M.; Luna, P.N.; Shaw, C.A.; Hasegawa, K.; Petrosino, J.F.; Piedra, P.A.; Sullivan, 
A.F.; Espinola, J.A.; Stewart, C.J.; Camargo, C.A. Increased Moraxella and Streptococcus Species 
Abundance after Severe Bronchiolitis Is Associated with Recurrent Wheezing. J Allergy Clin Immunol 
2020, 145, 518-527.e8, doi:10.1016/j.jaci.2019.10.034. 
[103] Tang, H.H.F.; Lang, A.; Teo, S.M.; Judd, L.M.; Gangnon, R.; Evans, M.D.; Lee, K.E.; Vrtis, R.; 
Holt, P.G.; Lemanske, R.F.; et al. Developmental Patterns in the Nasopharyngeal Microbiome during 
Infancy Are Associated with Asthma Risk. J Allergy Clin Immunol 2021, 147, 1683–1691, doi:10.1016/j. 
jaci. 2020.10.009. 
[104] Zhou, Y.; Jackson, D.; Bacharier, L.B.; Mauger, D.; Boushey, H.; Castro, M.; Durack, J.; Huang, 
Y.; Lemanske, R.F.; Storch, G.A.; et al. The Upper-Airway Microbiota and Loss of Asthma Control among 
Asthmatic Children. Nat Commun 2019, 10, 5714, doi:10.1038/s41467-019-13698-x. 
[105] McCauley, K.; Durack, J.; Valladares, R.; Fadrosh, D.W.; Lin, D.L.; Calatroni, A.; LeBeau, P.K.; 
Tran, H.T.; Fujimura, K.E.; LaMere, B.; et al. Distinct Nasal Airway Bacterial Microbiotas Differentially 
Relate to Exacerbation in Pediatric Patients with Asthma. J Allergy Clin Immunol 2019, 144, 1187–1197, 
doi:10.1016/j.jaci.2019.05.035. 
[106] Teo, S.M.; Mok, D.; Pham, K.; Kusel, M.; Serralha, M.; Troy, N.; Holt, B.J.; Hales, B.J.; Walker, 
M.L.; Hollams, E.; et al. The Infant Nasopharyngeal Microbiome Impacts Severity of Lower Respiratory 
Infection and Risk of Asthma Development. Cell Host Microbe 2015, 17, 704–715, doi:10.1016/j. chom. 
2015.03.008. 
[107] Adami, A.; Bracken, S. Breathing Better Through Bugs: Asthma and the Microbiome. The Yale 
Journal of Biology and Medicine 2016, 89, 309–324. 
[108] Sudo, N.; Sawamura, S.; Tanaka, K.; Aiba, Y.; Kubo, C.; Koga, Y. The Requirement of Intestinal 
Bacterial Flora for the Development of an IgE Production System Fully Susceptible to Oral Tolerance 
Induction. J Immunol 1997, 159, 1739–1745. 
[109] Noverr, M.C.; Noggle, R.M.; Toews, G.B.; Huffnagle, G.B. Role of Antibiotics and Fungal 
Microbiota in Driving Pulmonary Allergic Responses. Infect Immun 2004, 72, 4996–5003, 
doi:10.1128/IAI.72.9.4996-5003.2004. 
[110] Hill, D.A.; Siracusa, M.C.; Abt, M.C.; Kim, B.S.; Kobuley, D.; Kubo, M.; Kambayashi, T.; Larosa, 
D.F.; Renner, E.D.; Orange, J.S.; et al. Commensal Bacteria-Derived Signals Regulate Basophil 
Hematopoiesis and Allergic Inflammation. Nat Med 2012, 18, 538–546, doi:10.1038/nm.2657. 
[111] Essilfie, A.-T.; Simpson, J.L.; Horvat, J.C.; Preston, J.A.; Dunkley, M.L.; Foster, P.S.; Gibson, P.G.; 
Hansbro, P.M. Haemophilus Influenzae Infection Drives IL-17-Mediated Neutrophilic Allergic Airways 
Disease. PLoS Pathog 2011, 7, e1002244, doi:10.1371/journal.ppat.1002244. 
[112] Wu, K.K.-L.; Cheung, S.W.-M.; Cheng, K.K.-Y. NLRP3 Inflammasome Activation in Adipose 
Tissues and Its Implications on Metabolic Diseases. Int J Mol Sci 2020, 21, 4184, doi:10. 3390/ ijms 
21114184. 
[113] Scott, H.A.; Ng, S.H.; McLoughlin, R.F.; Valkenborghs, S.R.; Nair, P.; Brown, A.C.; Carroll, O.R.; 
Horvat, J.C.; Wood, L.G. Effect of Obesity on Airway and Systemic Inflammation in Adults with Asthma: 
A Systematic Review and Meta-Analysis. Thorax 2023, thoraxjnl-2022-219268, doi:10.1136/thorax-
2022-219268. 
[114] Kern, P.A.; Saghizadeh, M.; Ong, J.M.; Bosch, R.J.; Deem, R.; Simsolo, R.B. The Expression of 
Tumor Necrosis Factor in Human Adipose Tissue. Regulation by Obesity, Weight Loss, and Relationship 
to Lipoprotein Lipase. J Clin Invest 1995, 95, 2111–2119. 
[115] Krogh-Madsen, R.; Plomgaard, P.; Møller, K.; Mittendorfer, B.; Pedersen, B.K. Influence of TNF-
Alpha and IL-6 Infusions on Insulin Sensitivity and Expression of IL-18 in Humans. Am J Physiol 
Endocrinol Metab 2006, 291, E108-114, doi:10.1152/ajpendo.00471.2005. 
[116] Elgazar-Carmon, V.; Rudich, A.; Hadad, N.; Levy, R. Neutrophils Transiently Infiltrate Intra-
Abdominal Fat Early in the Course of High-Fat Feeding. J Lipid Res 2008, 49, 1894–1903, 
doi:10.1194/jlr.M800132-JLR200. 
[117] Hadad, N.; Burgazliev, O.; Elgazar-Carmon, V.; Solomonov, Y.; Wueest, S.; Item, F.; Konrad, D.; 
Rudich, A.; Levy, R. Induction of Cytosolic Phospholipase A2α Is Required for Adipose Neutrophil 
Infiltration and Hepatic Insulin Resistance Early in the Course of High-Fat Feeding. Diabetes 2013, 62, 
3053–3063, doi:10.2337/db12-1300. 
[118] Talukdar, S.; Oh, D.Y.; Bandyopadhyay, G.; Li, D.; Xu, J.; McNelis, J.; Lu, M.; Li, P.; Yan, Q.; Zhu, 



Frontiers in Medical Science Research 
ISSN 2618-1584 Vol. 6, Issue 7: 17-35, DOI: 10.25236/FMSR.2024.060703 

Published by Francis Academic Press, UK 
-34- 

Y.; et al. Neutrophils Mediate Insulin Resistance in Mice Fed a High-Fat Diet through Secreted Elastase. 
Nat Med 2012, 18, 1407–1412, doi:10.1038/nm.2885. 
[119] Kenđel Jovanović, G.; Mrakovcic-Sutic, I.; Pavičić Žeželj, S.; Šuša, B.; Rahelić, D.; Klobučar 
Majanović, S. The Efficacy of an Energy-Restricted Anti-Inflammatory Diet for the Management of 
Obesity in Younger Adults. Nutrients 2020, 12, 3583, doi:10.3390/nu12113583. 
[120] Cani, P.D.; Amar, J.; Iglesias, M.A.; Poggi, M.; Knauf, C.; Bastelica, D.; Neyrinck, A.M.; Fava, 
F.; Tuohy, K.M.; Chabo, C.; et al. Metabolic Endotoxemia Initiates Obesity and Insulin Resistance. 
Diabetes 2007, 56, 1761–1772, doi:10.2337/db06-1491. 
[121] Yun, Y.; Kim, H.-N.; Kim, S.E.; Heo, S.G.; Chang, Y.; Ryu, S.; Shin, H.; Kim, H.-L. Comparative 
Analysis of Gut Microbiota Associated with Body Mass Index in a Large Korean Cohort. BMC Microbiol 
2017, 17, 151, doi:10.1186/s12866-017-1052-0. 
[122] Debédat, J.; Clément, K.; Aron-Wisnewsky, J. Gut Microbiota Dysbiosis in Human Obesity: Impact 
of Bariatric Surgery. Curr Obes Rep 2019, 8, 229–242, doi:10.1007/s13679-019-00351-3. 
[123] Bailey, L.C.; Forrest, C.B.; Zhang, P.; Richards, T.M.; Livshits, A.; DeRusso, P.A. Association of 
Antibiotics in Infancy with Early Childhood Obesity. JAMA Pediatr 2014, 168, 1063–1069, 
doi:10.1001/jamapediatrics.2014.1539. 
[124] Azad, M.B.; Bridgman, S.L.; Becker, A.B.; Kozyrskyj, A.L. Infant Antibiotic Exposure and the 
Development of Childhood Overweight and Central Adiposity. Int J Obes (Lond) 2014, 38, 1290–1298, 
doi:10.1038/ijo.2014.119. 
[125] Zhao, L. The Gut Microbiota and Obesity: From Correlation to Causality. Nat Rev Microbiol 2013, 
11, 639–647, doi:10.1038/nrmicro3089. 
[126] Turnbaugh, P.J.; Bäckhed, F.; Fulton, L.; Gordon, J.I. Diet-Induced Obesity Is Linked to Marked 
but Reversible Alterations in the Mouse Distal Gut Microbiome. Cell Host Microbe 2008, 3, 213–223, 
doi:10.1016/j.chom.2008.02.015. 
[127] Bäckhed, F.; Manchester, J.K.; Semenkovich, C.F.; Gordon, J.I. Mechanisms Underlying the 
Resistance to Diet-Induced Obesity in Germ-Free Mice. Proc Natl Acad Sci U S A 2007, 104, 979–984, 
doi:10.1073/pnas.0605374104. 
[128] Vrieze, A.; Van Nood, E.; Holleman, F.; Salojärvi, J.; Kootte, R.S.; Bartelsman, J.F.W.M.; 
Dallinga–Thie, G.M.; Ackermans, M.T.; Serlie, M.J.; Oozeer, R.; et al. Transfer of Intestinal Microbiota 
From Lean Donors Increases Insulin Sensitivity in Individuals With Metabolic Syndrome. 
Gastroenterology 2012, 143, 913-916.e7, doi:10.1053/j.gastro.2012.06.031. 
[129] Murphy, R.; Tsai, P.; Jüllig, M.; Liu, A.; Plank, L.; Booth, M. Differential Changes in Gut 
Microbiota After Gastric Bypass and Sleeve Gastrectomy Bariatric Surgery Vary According to Diabetes 
Remission. Obes Surg 2017, 27, 917–925, doi:10.1007/s11695-016-2399-2. 
[130] Aron-Wisnewsky, J.; Prifti, E.; Belda, E.; Ichou, F.; Kayser, B.D.; Dao, M.C.; Verger, E.O.; Hedjazi, 
L.; Bouillot, J.-L.; Chevallier, J.-M.; et al. Major Microbiota Dysbiosis in Severe Obesity: Fate after 
Bariatric Surgery. Gut 2019, 68, 70–82, doi:10.1136/gutjnl-2018-316103. 
[131] Dao, M.C.; Belda, E.; Prifti, E.; Everard, A.; Kayser, B.D.; Bouillot, J.-L.; Chevallier, J.-M.; Pons, 
N.; Le Chatelier, E.; Ehrlich, S.D.; et al. Akkermansia Muciniphila Abundance Is Lower in Severe Obesity, 
but Its Increased Level after Bariatric Surgery Is Not Associated with Metabolic Health Improvement. 
Am J Physiol Endocrinol Metab 2019, 317, E446–E459, doi:10.1152/ajpendo.00140.2019. 
[132] Everard, A.; Belzer, C.; Geurts, L.; Ouwerkerk, J.P.; Druart, C.; Bindels, L.B.; Guiot, Y.; Derrien, 
M.; Muccioli, G.G.; Delzenne, N.M.; et al. Cross-Talk between Akkermansia Muciniphila and Intestinal 
Epithelium Controls Diet-Induced Obesity. Proc Natl Acad Sci U S A 2013, 110, 9066–9071, 
doi:10.1073/pnas.1219451110. 
[133] Demirci, M.; Tokman, H.B.; Uysal, H.K.; Demiryas, S.; Karakullukcu, A.; Saribas, S.; Cokugras, 
H.; Kocazeybek, B.S. Reduced Akkermansia Muciniphila and Faecalibacterium Prausnitzii Levels in the 
Gut Microbiota of Children with Allergic Asthma. Allergol Immunopathol (Madr) 2019, 47, 365–371, 
doi:10.1016/j.aller.2018.12.009. 
[134] Michalovich, D.; Rodriguez-Perez, N.; Smolinska, S.; Pirozynski, M.; Mayhew, D.; Uddin, S.; Van 
Horn, S.; Sokolowska, M.; Altunbulakli, C.; Eljaszewicz, A.; et al. Obesity and Disease Severity Magnify 
Disturbed Microbiome-Immune Interactions in Asthma Patients. Nat Commun 2019, 10, 5711, 
doi:10.1038/s41467-019-13751-9. 
[135] Cotillard, A.; Kennedy, S.P.; Kong, L.C.; Prifti, E.; Pons, N.; Le Chatelier, E.; Almeida, M.; 
Quinquis, B.; Levenez, F.; Galleron, N.; et al. Dietary Intervention Impact on Gut Microbial Gene 
Richness. Nature 2013, 500, 585–588, doi:10.1038/nature12480. 
[136] Damms-Machado, A.; Mitra, S.; Schollenberger, A.E.; Kramer, K.M.; Meile, T.; Königsrainer, A.; 
Huson, D.H.; Bischoff, S.C. Effects of Surgical and Dietary Weight Loss Therapy for Obesity on Gut 
Microbiota Composition and Nutrient Absorption. Biomed Res Int 2015, 2015, 806248, 
doi:10.1155/2015/806248. 



Frontiers in Medical Science Research 
ISSN 2618-1584 Vol. 6, Issue 7: 17-35, DOI: 10.25236/FMSR.2024.060703 

Published by Francis Academic Press, UK 
-35- 

[137] Sotos, M.; Nadal, I.; Marti, A.; Martínez, A.; Martin-Matillas, M.; Campoy, C.; Puertollano, M.A.; 
Wärnberg, J.; Marcos, A.; Sanz, Y. Gut Microbes and Obesity in Adolescents. Proc. Nutr. Soc. 2008, 67, 
E20, doi:10.1017/S0029665108006290. 
[138] Cuevas-Sierra, A.; Ramos-Lopez, O.; Riezu-Boj, J.I.; Milagro, F.I.; Martinez, J.A. Diet, Gut 
Microbiota, and Obesity: Links with Host Genetics and Epigenetics and Potential Applications. Adv Nutr 
2019, 10, S17–S30, doi:10.1093/advances/nmy078. 
[139] Al Bander, Z.; Nitert, M.D.; Mousa, A.; Naderpoor, N. The Gut Microbiota and Inflammation: An 
Overview. Int J Environ Res Public Health 2020, 17, 7618, doi:10.3390/ijerph17207618. 
[140] Di Tommaso, N.; Gasbarrini, A.; Ponziani, F.R. Intestinal Barrier in Human Health and Disease. 
IJERPH 2021, 18, 12836, doi:10.3390/ijerph182312836. 
[141] Man, S.M. Inflammasomes in the Gastrointestinal Tract: Infection, Cancer and Gut Microbiota 
Homeostasis. Nat Rev Gastroenterol Hepatol 2018, 15, 721–737, doi:10.1038/s41575-018-0054-1. 
[142] Liao, Z.; Xiao, H.; Zhang, Y.; Tong, R.-S.; Zhang, L.-J.; Bian, Y.; He, X. IL-1β: A Key Modulator 
in Asthmatic Airway Smooth Muscle Hyper-Reactivity. Expert Rev Respir Med 2015, 9, 429–436, 
doi:10.1586/17476348.2015.1063422. 
[143] Xu, M.-H.; Yuan, F.-L.; Wang, S.-J.; Xu, H.-Y.; Li, C.-W.; Tong, X. Association of Interleukin-18 
and Asthma. Inflammation 2017, 40, 324–327, doi:10.1007/s10753-016-0467-3. 
[144] Camilleri, M. Leaky Gut: Mechanisms, Measurement and Clinical Implications in Humans. Gut 
2019, 68, 1516–1526, doi:10.1136/gutjnl-2019-318427. 
[145] Dietary Patterns Reflecting Healthy Food Choices Are Associated with Lower Serum LPS Activity 
| Scientific Reports Available online: https://www.nature.com/articles/s41598-017-06885-7/ (accessed 
on 23 April 2023). 
[146] Rohr, M.W.; Narasimhulu, C.A.; Rudeski-Rohr, T.A.; Parthasarathy, S. Negative Effects of a High-
Fat Diet on Intestinal Permeability: A Review. Adv Nutr 2020, 11, 77–91, doi:10.1093/advances/nmz061. 
[147] Zhang, X.; Monnoye, M.; Mariadassou, M.; Beguet-Crespel, F.; Lapaque, N.; Heberden, C.; 
Douard, V. Glucose but Not Fructose Alters the Intestinal Paracellular Permeability in Association With 
Gut Inflammation and Dysbiosis in Mice. Front Immunol 2021, 12, 742584, 
doi:10.3389/fimmu.2021.742584. 
[148] De la Fuente, M.; Franchi, L.; Araya, D.; Díaz-Jiménez, D.; Olivares, M.; Álvarez-Lobos, M.; 
Golenbock, D.; González, M.-J.; López-Kostner, F.; Quera, R.; et al. Escherichia Coli Isolates from 
Inflammatory Bowel Diseases Patients Survive in Macrophages and Activate NLRP3 Inflammasome. Int 
J Med Microbiol 2014, 304, 384–392, doi:10.1016/j.ijmm.2014.01.002. 
[149] Garsin, D.A. Ethanolamine Utilization in Bacterial Pathogens: Roles and Regulation. Nat Rev 
Microbiol 2010, 8, 290–295, doi:10.1038/nrmicro2334. 
[150] Spees, A.M.; Wangdi, T.; Lopez, C.A.; Kingsbury, D.D.; Xavier, M.N.; Winter, S.E.; Tsolis, R.M.; 
Bäumler, A.J. Streptomycin-Induced Inflammation Enhances Escherichia Coli Gut Colonization through 
Nitrate Respiration. mBio 2013, 4, e00430-13, doi:10.1128/mBio.00430-13. 
[151] Hartman, A.L.; Lough, D.M.; Barupal, D.K.; Fiehn, O.; Fishbein, T.; Zasloff, M.; Eisen, J.A. 
Human Gut Microbiome Adopts an Alternative State Following Small Bowel Transplantation. Proc Natl 
Acad Sci U S A 2009, 106, 17187–17192, doi:10.1073/pnas.0904847106. 
[152] Liu, Y.; Yu, X.; Zhao, J.; Zhang, H.; Zhai, Q.; Chen, W. The Role of MUC2 Mucin in Intestinal 
Homeostasis and the Impact of Dietary Components on MUC2 Expression. Int J Biol Macromol 2020, 
164, 884–891, doi:10.1016/j.ijbiomac.2020.07.191. 
[153] Huang, Y.-L.; Chassard, C.; Hausmann, M.; von Itzstein, M.; Hennet, T. Sialic Acid Catabolism 
Drives Intestinal Inflammation and Microbial Dysbiosis in Mice. Nat Commun 2015, 6, 8141, 
doi:10.1038/ncomms9141.  


	2.1. Inflammation
	2.2. Obesity
	2.3. Microbiota
	3.1. Obesity and Inflammation
	3.2. Microbiota and Obesity
	3.3. Microbiota and inflammation

