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Abstract

:

Obesity is considered an important risk factor for the onset of asthma, playing a key role in enhancing the disease’s severity. However, there is increasing evidence linking not only obesity but also overweight with a higher risk of asthma. Although the correlation between obesity and asthma has already been reported, several aspects are still not fully elucidated, mainly about the inflammatory processes underlying both diseases. It is well known that Western-type calorically rich diets and overfeeding can act as triggers of chronic metabolic inflammation, but few studies have examined associations between ultra-processed foods (UPFs) intake, despite its positive correlation with obesity, and biomarkers of inflammation. In addition to their nutrient composition, UPF may have chemical additives and contaminants from packaging, whose effects on health and food addiction are still under research. In this review, we provide an overview of the current data that identify the associations between the obese asthma phenotype and UPF consumption, highlighting the potential central role played by the intestinal microbiota.
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1. Introduction


The pathogenesis of chronic allergic diseases, including asthma, is complex and poorly understood. It is known that the causes involve, to a large extent, immunomodulation of the adaptive and specifically the innate immune systems. Moreover, causes seem to be markedly influenced by distinct environmental triggers and genetic interactions that challenge the immune system [1]. With this background, there are many research gaps in the knowledge, despite the fact that asthma is a global health problem affecting about 10–15% of children around the world [2] and more than 15% of school-aged children in Europe [3]. Moreover, asthma prevalence has significantly increased in recent years in parallel to changes in factors such as exposure to air pollutants, aeroallergens, and dietary habits, among others [4]. The Western diet has been pinpointed as one of the main causes of the global obesity epidemics, with obesity itself an independent risk factor for asthma [5]. Although the correlation between obesity and asthma has already been demonstrated, several aspects are still not fully elucidated about the exacerbation caused, with specific factors such as changes in respiratory mechanics and inflammation being cited as some of the main reasons for this worsening [6]. Between these aspects, several plasma proteins seem to be related to a lean and/or obese asthma phenotype. Specifically, interleukin 6 (IL-6) is associated with obese non-allergic asthma. In addition, IL-6 is associated with both sex and body composition measurements [7] Moreover, there are different studies reporting that obesity-associated asthma has a different pathogenic background in relation to allergies. One group includes individuals with early-onset atopic (EOA) asthma that does not remit reducing body weight, and another group consists of individuals with late-onset nonatopic (LONA) asthma that concludes when there is a loss of body weight [8,9]. It is important to have information on obese asthma, understanding that it is a complex disease leading to different phenotypes. Because obesity has a high impact on the inflammatory response in asthma, every associated factor needs to be understood in much more detail, including diet interventions aimed at weight loss as an important tool to improve asthma [10].



Regarding this, unhealthy dietary behaviours clearly contribute to the prevalence of obesity and activate the innate immune system, impairing adaptive immunity and leading to chronic inflammation [11]. Recently, much more attention has focused on diet and, particularly, on the actions of the gut microbiota to explain the prevalence of inflammatory diseases, including asthma, particularly in Western countries [12]. Numerous studies have noted that dietary patterns in Western countries include low fruit and vegetable consumption in addition to low consumption of all types of fish (not canned) that are highly correlated with worse asthma outcomes [13,14]. However, not only this poor dietary pattern is associated with detrimental consequences for inflammatory diseases, but also chemicals and additives widely present in processed foods and not listed as allergens on a food label can act as strong asthma triggers [15]. Ultraprocessed foods (UPFs) are formulations of ingredients derived from foods and additives not usually used in culinary preparations that contain little, if any, intact food [16]. Its consumption has recently increased, contributing to total energy intake in most European countries, to an average of 25% and up to 60% in the case of the United Kingdom (UK) [17]. The volume of industrially processed products in global food supplies has increased around the world, and they often have a suboptimal nutritional profile, being energy dense (low in fibre and micronutrients), containing a high content of saturated fats, salts, and sugars (apart from other ingredients and additives), now characteristic of the Western diet [17].




2. Food Choice in the Western Diet and Impact on Health


Not only does high UPF consumption adversely affect nutritional absorption, but recent literature suggests that UPFs affect energy intake (EI) through changes in eating behaviour traits (EBTs). A pivotal study was conducted by Hall et al. [18], who compared ad libitum intake in 20 inpatient adults receiving ultra-processed or unprocessed diets for 14 days. This was the first randomised control trial to address ultra-processed versus unprocessed diets, addressing the impact on EI and weight change and finding a high association between differences in UPFs proportion and body weight changes. It had been previously hypothesised that the adverse health consequences of UPF are attributable to their poor nutritional content [19]. However, this study controlled for this by matching diets for the presented calories, fat, sugar, fibre, and macronutrients. Interestingly, despite this, ad libitum intake was around 500 kcal/day more in those following the ultra-processed diet, thus indicating further mechanisms of importance behind obesity risk with UPFs diets [20]. One proposed mechanism behind increased EI with UPFs is the observed rapid eating rate. Oro-sensory factors and time taken during oral processing of a meal have been shown to have a direct effect on ad libitum EI [18,21,22]. For example, soft-textured foods that require little chewing (as commonly found with UPFs) increase EI and decrease perceived satiation post-consumption [23]. Moreover, there is evidence that one’s eating rate is heritable [24], an alarming factor when considering the health of future generations in the UK, as currently over 65% of calories consumed by UK school children are derived from UPFs [25]. The latter are likely to develop learned taste preferences for UPFs [26], as childhood eating habits often persist into adulthood [27], highlighting a need to address eating behaviours and UPFs. Existing research recognises the critical role played by metabolic systems as a driver for increased EI of UPFs. Hall et al. [18] found that when following the UPFs diet, ghrelin, insulin levels, and fasting glucose increased, whereas hormones that suppress appetite, such as PYY were decreased, thus making it harder for one to identify satiation. Despite a lack of focused studies relating to UPFs, there is evidence of higher satiation levels in low-processed foods [28,29]. Not only is consumption of more satiating foods important in the context of reducing the incidence of obesity and comorbid conditions through reducing EI at each meal, but prolonged satiety also reduces the likelihood of snacking, which in turn predominately consists of UPFs [30]. Closely linked with metabolic processes and satiety are EBTs, and as much uncertainty still exists about the relationship between EBTs and UPFs consumption, there is a need for more focused research in this area. However, there is a large body of literature surrounding EBTs in the context of EI and weight gain in young adults [31]. External and emotional eating have strong positive associations with overweight and obesity [32], possibly due to these eating patterns primarily consisting of energy-dense, high-sugar UPFs.



In addition, higher levels of health consciousness (HC) have been shown to lead to a higher intake of minimally processed foods [33], as well as being intrinsically linked with EBTs. Education surrounding nutrition and health risk has been found to modify people’s HC, with some people less likely to favour healthy foods and restrict unhealthy foods as they do not see a strong risk of health linked to their diet [34]. Supporting this, the Health Belief model suggests that pursuing health-promoting behaviours is dependent on one’s perception of susceptibility to a health consequence, for example, obesity, thus highlighting the importance of education in making healthy choices. Widely agreed upon is the observed perception that low-sugar products are healthier [35]. However, low-calorie and sugar-free marketed products are typically UPFs and may lead to a decrease in gut-barrier functioning due to the properties of artificial sweeteners [36,37]. Therefore, those with high health consciousness may not, in reality, have a higher diet quality, despite good intentions.




3. Contribution of UPFs to the Western Diet


UPFs are industrial formulations made by assembling food substances and food additives through extensive industrial processes. They are one of the cornerstones of the Western diet, mainly because they are relatively cheap, highly palatable, shelf-stable and ready-to-eat [38]. Many of these products are ‘ready-to-eat’ and recognised as ‘junk food’. However, many UPFs are perceived to be healthy, for example, tinned soups and low-calorie alternatives [39]. Marketing of these products distracts consumer focus from the poor nutritional qualities, as typically UPFs are low in desirable qualities such as fibre, micronutrients, and protein but high in added salt, sugars, saturated fats, and artificial additives. In the UK, over 50% of household food purchases are UPFs, and of the total manufactured UPFs sold, 85% are classified as being so unhealthy that they are considered unsuitable for marketing to adolescent audiences [40]. The nutritional and macronutrient quality of UPFs is important to consider in the context of obesity. The reality of diets in the UK is far from the target set by government recommendations, according to recent research [41]. Compared to recommendations, the average UK citizen consumes on average 320 excess calories daily and nearly three times the maximum quantity of free sugars and fat. Interestingly, adherence to macronutrient guidelines has been found to increase when a household consumes fewer UPFs [42].



Not only is this overall reduction in diet quality a result of the ‘obesogenic’ nutritional profile of these foods, but also a result of mechanisms relating to the actual processing unique to UPFs. An example of this effect was discussed by Machado et al. [37], who highlighted the ways in which the deconstruction of the original food matrix structure changes the bio-accessibility of nutrients, possibly leading to adverse health outcomes, such as weight gain, compared to unprocessed whole foods that have the same nutritional composition. An example of this is evident when looking at unrefined carbohydrates compared to refined carbohydrates (which are readily available in many UPFs). The latter have been shown to change the body’s insulin and hormone responses, in turn encouraging excess nutrients towards storage in adipose tissue [43] and away from oxidisation, thus increasing the risk of obesity [44]. Moreover, recent research has highlighted the consequences of UPFs on the gut microbiome [45], widely understood to play a crucial role in excess adiposity risk factors, including influencing one’s metabolism [46]. Typical UPF-dominant diets provide a less diverse macrobiotic profile. Moreover, consuming fewer foods high in fibre increases the use of proteins in gut metabolism, possibly leading to the development of inflammatory diseases [47].




4. Western Diet as a Risk Factor for Asthma


Among the environmental and lifestyle factors that can promote or intensify asthma, increasing scientific evidence strongly supports the role of diet as a modifiable risk factor. However, the relationship between dietary patterns and the prevalence of this inflammatory lung disease is not well understood. Western lifestyle includes Western dietary patterns with high caloric intake combined with low physical activity, which certainly play a key role in the development of obesity. This disease is related to poorer asthma control and lung function, as well as an increased risk of asthma exacerbations [1].



Recent studies suggest that the interaction between obesity and asthma is more complex than has been reported, and there is not a simple association between excess weight and asthma. Despite the fact that we have found few studies indicating that evidence between UPF consumption and asthma cannot be fully demonstrated [48], most studies can justify an association between UPF consumption and asthma by different plausible mechanisms. Related to this, there are studies on the characteristics of the diet [49] or the exposure to some chemical compounds and pollutants that can also explain the association between obesity and asthma [50]. The Western diet emphasises the consumption of animal products, refined sugars, and n-6 polyunsaturated fatty acids. Recent evidence suggests that not only a regular intake of foods containing high amounts of saturated fats and simple sugars and a reduced intake of complex carbohydrates, unsaturated fats, and plant-origin foods (unhealthy dietary patterns) [51], but also individual foods and nutrients are associated with asthma [52]. Regarding this, and as mentioned before, it should be highlighted that up to 60%, in the case of the UK, of the Western diet is characterised by high consumption of UPFs. This type of food is highly palatable, mainly for infants and young adults [53]. Moreover, the increase in availability and variety of this type of processed food comes at a time when knowledge indicates that the consumption of UPFs containing multiple nutritional and non-nutritional ingredients and additives poses health risks. In parallel, the widely recognised increase in obesity across the world has been particularly evident in the UK, and it is associated with the development and severity of asthma [54]. A two-fold increase in prevalence over the last 25 years has continued to challenge UK governments and the National Health Service (NHS). To tackle obesity, which is a modifiable risk factor for asthma, an understanding of the condition’s multifactorial aetiology is crucial. Considering the observable clustering of high rates of obesity in developed countries, it has been suggested that the ‘obesogenic environment’ is highly influential in creating a positive energy balance [55,56]. In parallel with the rise of obesity was the rise of an increasingly industrialised food system [57], allowing for and encouraging quick access to food in larger portions, as well as excessive marketing of energy-dense foods. Strategies aimed at modifying this environment and improving the quality of foods and diets would be an important step forward in exploring the link between obesogenic food environments, the consumption of UPFs, obesity, and asthma [58,59].



4.1. Ultraprocessed Foods, Inflammation and Lung Function


There is a growing concern that UPF consumption is a risk factor for chronic non-communicable diseases, morbidity, and mortality, in addition to being positively associated with body mass index [60]. The dietary inflammatory index (DII) has been created to identify the inflammatory potential of a dietary pattern based on a whole diet and not on specific nutrients [61]. The DII represents a new tool to assess the anti-inflammatory effect of a diet and what can be useful for people to achieve dietary goals that reduce inflammation levels and therefore the risk of having asthma. It is well known that diet is a modifiable risk factor for impaired lung function, and the focus has been set on individual nutrients and foods or food groups [62]. Regarding this, evidence indicates that the adverse impact of UPFs on low-grade inflammation may not be exclusively driven by their pro-inflammatory capacity, measured as DII, but could also be due to non-nutritional factors. Then, UPFs may possibly promote low-grade inflammation through mechanisms that are triggered by non-nutritional components of these types of foods [63]. This systemic inflammation, promoted by the consumption of an unhealthy Westernised diet, can contribute to accelerated loss of pulmonary function playing a key role in the gut microbiota [64]. Regarding this, Talaei et al. [65] studied dietary patterns, lung function assessed by spirometry, and asthma and observed that a “processed” dietary pattern was associated with impaired lung function, possibly mediated by altered gut microbiota.



Moreover, concerns have also been raised about the presence of additives and chemicals entering the food supply inadvertently (e.g., pesticides, among others). There is evidence reporting that additives and excess weight are the main possible mediators of the association between ultra-processed products and asthma [66]. However, emerging evidence highlights that UPFs included in the dietary pattern provide environmental factors that influence the diversity and functionality of the gut microbiota with direct action on their homeostasis. This environment created in the gut is a trigger factor for low-grade systemic inflammatory and oxidative changes, favouring the development of asthma [67]. This cross-talk between the intestinal microbiota and the lungs is called the “gut–lung axis” and sheds light on the effect of the diet on the immune responses and homeostasis in the airways (see Figure 1). Regarding this, UPF consumption causes perturbations in gut microbiota composition and function (dysbiosis), disrupts tissue and immune homeostasis, and is associated with different inflammatory diseases within and outside the gastrointestinal tract, including the lungs. In addition, evidence indicates that dysbiosis caused by Westernised dietary patterns induce disruption of intestinal–pulmonary cross-talk, which is linked to increased vulnerability to airway diseases, lung infections, and allergies [68,69].




4.2. Untangling the Role of Non-Nutritional Components (Contaminants and Neoformed Compounds) of UPFs on the Gut–Lung Axis


As mentioned before, UPFs are of interest not only due to their adverse health outcomes depending on nutrients’ content but also due to their non-nutritional components. As stated by the Food Agriculture Organisation (FAO) of the United Nations [70], whose definition of UPFs endorsed the one developed in the so-called NOVA classification, “UPFs are formulations of ingredients, mostly of exclusive industrial use, typically created by a series of industrial techniques and processes”. They include a long list of foods (available in ref. [70]), such as carbonated soft drinks, “energy” drinks, fatty or salty packaged snacks, sweetened breakfast ‘cereals’, biscuits, margarine and other spreads, sausages, burgers, hot dogs, and other reconstituted meat products, among others.



During UPF manufacturing, whole foods are processed by fractionation, chemical modifications (e.g., hydrolysis or hydrogenation), and reassembling. The whole process frequently requires the addition of chemicals useful to provide palatability to the final product. Hence, food additives (either salts, sugars, and fats or, among others, dyes, flavours, and emulsifiers) are usually added and, last but not least, wrapped in packaging made of synthetic materials, opening the way to further chemical exposure to food contact materials (FCMs).



Indeed, cancer- and/or metabolic syndrome (MetS)-associated adverse human health effects are linked not only to an unbalanced intake of low-quality foods vs. unprocessed healthy foods but also to a higher exposure to chemicals either formed during processing, such as acrylamide (a contaminant present in heat-treated processed food products) or acrolein (a compound formed during fat heating). Moreover, this type of food is wrapped in plastic packages containing industrial chemicals such as bisphenols and phthalates that could migrate to foods [71,72,73,74,75].



Interestingly, some bisphenols (BPA and BPS) and phthalates (DEHP and others), the plastic additives also known as FCMs, are formally recognised endocrine disrupting chemicals (EDCs) and hence substances of Very High Concern (SVHC) on the basis of the European REACH policy [71,76,77,78], opening the debate for the UPF-associated potential adversity to many endocrine-dependent, patho-physiological conditions and/or chronic diseases from cancer to diabetes, obesity, and MetS [71,79,80,81].



In the present paragraph, MetS and asthma will be considered as common targets for adversity on human health by both UPF additives (i.e., fructose and salts) and packaging-related chemicals (i.e., bisphenols and phthalates). MetS is a cluster of conditions manifested by visceral obesity, hypertension, glucose intolerance, hyperinsulinism, and atherogenic dyslipidemia [82]. As mentioned before, inflammation is a common feature of many of the patho-physiological conditions leading to the MetS, and interestingly, asthma is a chronic inflammatory disease of the lungs that has been shown to have a prevalence in people with a systemic inflammatory chronic disease such as obesity [83]. In the proposed gut–lung axis interplay, gut microbiota affected the immune responsiveness of the lung, thus playing a role in asthma onset. In addition, obesity-dependent gut dysbiosis may also cause an unhealthy colonisation of the lung microbiome [84]. Epidemiological studies showed that chronic high intake of fructose, contained in sugar-sweetened beverages, increases the risk of developing several diseases, including chronic obstructive pulmonary disease and asthma [85]. Among the underlying mechanisms, the increased production of uric acid has been proposed as a biomarker of effect to highlight the negative effects of fructose exposure on lung functionality. Furthermore, a role for BPA in lung functionality and asthma onset has also been suggested in recent years. In a meta-analysis of six cohort studies [86], three of them (those with multiple BPA measurements in the prenatal period) found that prenatal BPA exposure was associated with an increased risk of childhood wheeze. Considering post-natal BPA exposure, three studies demonstrated an increased risk of childhood asthma/wheezing. Also, in a prospective meta-analysis of eight European birth cohorts conducted in school-age children [87], it has been shown that in utero exposure to BPA may increase the risk of asthma and wheezing among school-age girls. Besides BPA, other Food Contact Materials (FCMs), in particular phthalates, have been investigated in relation to asthma. As summarised in a recent review [88], some but not all studies looking at the association between FCM and asthma found such an association, although a few of them did. Such discrepancies have been speculated to rely on the different abilities of the different FCM, either to affect type 2 helper T cell (TH2) differentiation, thus affecting the antibody response and hence the adaptive immune system, or even to alter the innate immune system. In any case, as highlighted by Casas and Gascon [88], further studies have to be conducted to define the mechanism(s) of action underlying the role of FCMs in asthma.



Overall, although with different mechanism(s) and mode(s) of action, both UPF additives (i.e., fructose and salts) and packaging-related chemicals (i.e., bisphenols and phthalates) appeared so far to have common human health targets, such as the MetS and asthma and asthma-related conditions.




4.3. UPFs as Major Drivers of Poor Nutritional Diets. The Role of Vitamin D and Omega-3 Deficiencies on Asthma


Diets rich in ultra-processed foods are linked with poor health outcomes, including asthma [66]. It is well known that UPFs contain high amounts of saturated and trans fats, refined carbohydrates, sodium, and a low presence of monounsaturated and polyunsaturated fatty acids (MUFA and PUFA, respectively), vitamins, minerals, antioxidants, and fibre [89]. This nutritional profile, in addition to the absence of some key nutrients (mainly micronutrients), could worsen asthma by stimulating a proinflammatory response with airway hyper-responsiveness and symptoms such as dyspnoea, wheezing, etc. However, a dietary pattern is not composed of a single nutrient, but the consumption of different foods gives rise to a varied and balanced diet, showing interesting synergies between them [51]. Many researchers have focused on the study of isolated nutrients in their relationship with asthma, which can generate methodological biases due to not considering the interaction between nutrients that would lead to a beneficial clinical effect [90]. Regarding this, vitamin D is a steroid-derived vitamin present mainly in foods such as fish, milk, and milk derivatives, in addition to endogenous synthesis after sun exposure. Its deficiency is very common worldwide. The higher consumption of UPF is inversely and significantly associated with the content of vitamin D in the diet [19]. Unlike other vitamins, in which its effect on asthma is explained by its antioxidant activity, the effect of vitamin D is determined by its ability to act as a modulator of the innate and adaptive immune responses [91]. Vitamin D affects the development of the lung and modulates numerous immunological pathways through the regulation of lymphocytes, antigen-presenting cells, and mast cells. It has a key role in dampening exacerbated inflammatory responses and remodelling the airway smooth muscle [92,93]. In addition, vitamin D acts as an antimicrobial and a regulator in non-allergic eosinophilic inflammation, which is relevant in asthmatic exacerbation processes.



Gupta et al. [94] analysed the relationship between vitamin D, lung function, and asthma pathophysiology in children with severe therapy-resistant asthma. Vitamin D levels were lower in children with therapy-resistant asthma than in those with moderate asthma or control subjects. Lower levels of vitamin D were associated with greater exacerbations, increases in airway smooth muscle mass, and worsening lung function. However, contradictory results have been observed when the effectiveness of vitamin D supplementation is evaluated, which may be due to limitations of the studies, such as difficulty in monitoring the use of vitamin D supplements [93].



A literature review conducted by Ogeyingobo et al. [95] demonstrated that asthmatic patients had low vitamin D levels. during episodes of worsening asthma symptoms. In the adult population, it seems that vitamin D could lead to a significant reduction in asthma aggravation in asthmatic patients with low vitamin D levels. But nevertheless, overwhelming evidence exists that shows that vitamin D supplementation is not related to lower rates of asthma exacerbations in the paediatric population.



Finally, a recent review evaluated whether the supplementation of vitamin D or its hydroxylated metabolites may reduce the risk of severe asthma exacerbations and alleviate asthma symptoms. The main results have proved that neither vitamin D administration nor its hydroxylated metabolites reduced the risk of asthma exacerbations or improved asthma control [96].



As mentioned before, the inflammatory potential of UPFs derives not only from a higher consumed quantity with respect to other foods but also from their poorer quality. Related to this, diets with a high processed food content have also been linked with an increased intake of omega-6 fatty acids, resulting in a higher presence of low-grade inflammation (high omega-6/omega-3 ratio) [97]. In fact, there is a relationship between the high prevalence of asthma in westernised societies and the increased consumption of omega-6 fatty acids found in margarine and vegetable oils and a lower intake of omega-3 fatty acids from fish and fish oils, among others. Regarding this, it has been reported that omega-6 fatty acids are involved in different biological processes, including inflammation and immune function, that are closely related to chronic diseases such as asthma [98]. Moreover, several epidemiological studies, as recorded by Wendell et al. [99], indicate that a high intake of omega-6 fatty acids is related to a higher prevalence of asthma. This provides knowledge on how diet alters fatty acid profiles that can contribute to this lung disease and confirms that this type of dietary fat exerts a role in driving airway neutrophilia and worsening asthma outcomes [100].



Fatty acids can attenuate or, on the contrary, exacerbate the inflammatory response. The omega-6 and omega-3 series give rise to the synthesis of biologically active substances, the eicosanoids. In general, eicosanoids derived from the n-3 fatty acid tend to have less inflammatory and immunological effects than those derived from the n-6 series [99]. However, a fatty acid may have a proinflammatory effect in a certain disease or tissue and may be anti-inflammatory in another, such as arachidonic acid-derived prostaglandin (PG) E2.



Contrary to this, a high intake of n-3, typical of the Mediterranean diet, inhibits the conversion of linoleic to arachidonic acid, thus preventing the inflammatory cascade [101], and metabolites derived from the omega-3 series can resolve inflammation [89,99] as well as inhibit a large part of inflammatory mechanisms. However, in a typical westernised diet, the highest lipid content of UPFs corresponds to saturated fat and n-6 fatty acids, and the lowest corresponds to n-3 fatty acids. In that dietary pattern, linoleic acid is 5 to 20 times more consumed than linolenic acid achieving an omega-6/omega-3 ratio much higher than the reported adequate (2:1) [90]. Maintaining an adequate omega-6/omega-3 balance is essential to maintaining homeostasis control over the immune system and inflammation in asthmatic patients as a strategy to prevent or counteract inflammatory and hyperreactive reactions [89]. Recent studies indicate that there are synergies among nutrients in a healthy diet, including both PUFA and vitamin D, that may be of interest in asthma control. Further studies are recommended to evaluate synergies and relationships between the intake of dietary vitamin D and omega-3 and asthma [102].




4.4. Gut Microbiota, UPFs and Asthma


The human gut microbiota is a complex ecosystem involved in the health of the host. It is well known that the microbiota plays a key role in the development and balance of the immune system, while the immune system is key to the maintenance of host-microbe symbiosis [103]. This section is focused on how UPF consumption influences asthma, paying particular attention to the gut microbiota. Historically, the lower respiratory tract has been considered to be sterile, but this dogma has been contested with advances in sequencing techniques that were able to detect microbial DNA in the lungs of healthy individuals [103,104]. Most lung diseases are usually accompanied by dysbiosis of the gut microbiota and an immune-inflammatory response. Regarding this, the intestinal flora and its metabolites are highly involved in the immune regulation of the host in lung disease development. This microbiota’s influence on human health is mainly exerted through metabolites produced by microflora, such as short-chain fatty acids (SCFA) such as acetate, propionate, and butyrate, which play a key role. However, the exact mechanism of action of the gut–lung axis crosstalk still remains unclear [105].



Diet plays one of the most determinant roles in shaping the gut microbiota. In fact, dietary patterns (a Western diet) have effects on the intestinal microbiota and the immune response, explaining the increase in the prevalence of non-communicable diseases such as cardiovascular diseases [106], type 2 diabetes [107], obesity [108], cancer [109], asthma [110], and neurological disorders [111]. Likely, the connection between diet and inflammatory diseases can be explained by the interactions between dietary components, intestinal bacteria, their metabolites, and immune cells [112].



Consumption of UPFs, a hallmark of the Western diet, creates an enhanced environment for the selection of microorganisms that promote diet-related diseases through diet-microbiome-host interactions. Several investigations have determined the impact of the dietary pattern on the microbiota, especially in the long term [113]. High-saturated fat intake, salt, and simple sugars can lead to an increase in pro-oxidant molecules in the intracellular medium as well as an alteration in the function and composition of the intestinal microbiota [114]. UPFs, at the end of industrial processing, have a small or no amount of dietary fibre that can strongly alter the gut bacteria population, generating dysbiosis. This condition is characterised by reductions in the number of bacteria such as Faecalobacterium, Roseburia, and Eubacterium and increases in pathogenic bacteria that produce lipopolysaccharide (LPS), an endotoxin that causes inflammation in cells [114]. In addition, increases in the ratio of omega-6 to omega-3 (associated with consumption of UPFs) have been associated with alterations in gut bacterial diversity and increased intestinal [115]. High-salt foods, widely consumed in Western diets, and food additives can alter the composition and function of the faecal microbiota, reducing the abundance of Lactobacillus sp. and the production of butyrate, leading to the activation of inflammatory pathways [116,117].



As mentioned before, SCFAs are metabolites of the intestinal microbiota that are crucial for the preservation of immune homeostasis. However, little is known about the role of these molecules in the gut–lung axis in influencing the development of lung diseases, including asthma [118]. It has been suggested that a high-fibre diet may modify the ratio of Firmicutes and Bacteroidetes, which may increase the production of SCFAs in the gut and blood, resulting in a reduction in lung damage caused by infection [119]. On the contrary, the Western diet decreases the production of SCFAs by the intestinal microbiota, aggravating inflammatory processes. These westernised dietary patterns are generally low in fibre and rich in fat and digestible sugars, which can lead to an altered gut microbiota composition that influences the relative amounts of SCFAs produced by gut bacteria [68]. However, not only the poor nutritional profile of highly processed foods but also UPFs containing a multitude of food additives negatively affect the gut microbiota [120]. It has been reported that SCFAs play a key role in the recruitment and/or growth of colonic regulatory T cells (Tregs) [121]. Treg malfunction favours the collapse of the immune system’s ability to regulate an overactive Th2 response, which can progress to allergic asthma [122]. Moreover, the role of SCFAs in the prevention of allergies and childhood asthma has been studied. The main findings have demonstrated that 1-year-old children with higher levels of propionate and butyrate in stool had lower atopic sensitisation and a lower risk of asthma between 3 and 6 years of age [123]. In addition, dietary administration of acetate, propionate, or butyrate in mice models seems to reduce the severity of allergic airway inflammation [123]. According to the majority of the bibliography reviewed, the high consumption of UPFs, as usual in the Western diet, mainly among children and young adults, negatively affects asthma by different mechanisms related to the high complexity of the modified ingredients and components of these types of processed foods. Gut microbiota alterations and dysbiosis caused by UPF consumption play a pivotal role in the risk and severity of asthma.





5. Concluding Remarks and Future Directions


A Western dietary pattern is associated with an increased risk of asthma in children and young adults, and this type of diet implies a high consumption of UPFs. Nutritional and non-nutritional components and ingredients of this type of food could lead, through different mechanisms, to obesity and lung diseases such as asthma. However, knowledge of the link between UPF consumption and asthma is still limited and deserves more research. Gut microbiota alterations and dysbiosis, in addition to the high complexity of UPFs, seem to play a pivotal role in the risk and severity of asthma. Gut dysbiosis created by UPFs induces modifications in the production of SCFA and other microbial metabolites, affecting the gut–lung axis and the health status of the lung and airways. Food choice and reward in the Western diet are also key to understanding the increase in obesity and comorbid conditions because UPFs are designed to be attractive, highly palatable (mainly for children and young adults), and profitable. Increasing awareness of the health outcomes of UPFs would provide the opportunity for a shift in nutrition policies to reduce UPF consumption. For this, further research about the effects of UPFs and the pathogenicity of asthma is needed to gain deeper knowledge and promote the reformulation of UPFs to minimise their negative effects on the lung.
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Figure 1. Gut–lung axis. Communication between the gut and the lungs occurs in both UPFs-rich diet and healthy diet. 
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