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Asthma is one of the most common atopic disorders in all stages of life. Its
etiology is likely due to a complex interaction between genetic, environmental,
and lifestyle factors. Due to this, different non-pharmacological interventions
can be implemented to reduce or alleviate the symptoms caused by this
disease. Thus, the present narrative review aimed to analyze the preventive and
non-pharmacological interventions such as physical exercise, physiotherapy,
nutritional, ergonutritional, and psychological strategies in asthma treatment. To
reach these aims, an extensive narrative review was conducted. The databases
used were MedLine (PubMed), Cochrane (Wiley), Embase, PsychINFO, and
CinAhl. Asthma is an immune-mediated inflammatory condition characterized
by increased responsiveness to bronchoconstrictor stimuli. Different factors
have been shown to play an important role in the pathogenesis of asthma,
however, the treatments used to reduce its incidence are more controversial.
Physical activity is focused on the benefits that aerobic training can provide,
while physiotherapy interventions recommend breathing exercises to improve
the quality of life of patients. Nutritional interventions are targeted on implement
diets that prioritize the consumption of fruits and vegetables and supplementation
with antioxidants. Psychological interventions have been proposed as an essential
non-pharmacological tool to reduce the emotional problems associated with
asthma.

KEYWORDS

asthma, environment, microbiota, nutrition, physical exercise, ergo nutritional,
psychology

1. Background

Asthma affects children and adults, being a chronic disease. The passageways that carry air
to the lungs narrow due to inflammation and compression of the muscles that surround the
small airways (Figure 1). This causes the symptoms of asthma: cough, wheezing, shortness of
breath, and chest tightness. These symptoms are intermittent and are often aggravated at night
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FIGURE 1
Airway changes in asthma. Made with Biorender Software.
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or with exercise. Triggers vary from person to person but include viral
infections (colds), dust, smoke, fumes, weather changes, grass and tree
pollens, animal fur and feathers, synthetic soaps made with
compounds such as glycols, parabens or formalin, and perfumes (1).

Asthma is one of the main non-communicable diseases (NCDs),
affecting children and adults. It is estimated that in 2016 there were
more than 339 million people with asthma worldwide and that in
2019, asthma affected 262 million people and caused 461,000 deaths
(2). In the review of Eagan et al., the estimation of adult asthma is
4.6 per 1,000 person-years in women and 3.6 per 1,000 person-years
in men. In cohort studies, the estimations among general population
was higher, respectively 5.9 and 4.4 per 1,000 person-years in women
and men, with an adult incidence slightly higher in women than
men, presenting a trend toward a higher incidence with age (3). In
addition, the European Respiratory Health Survey (ECRHS) found
that in a population aged 30-54 years of Sweden, Norway, Denmark,
Iceland, and Estonia the incidence rate of asthma ranged
1.5-2.2-1,000 person-yrs — 1, with a higher incidence range among
females (4).

Asthma has been associated with very different risk factors. The
chance of developing asthma is higher if other family members are
also asthmatic, particularly close relatives such as parents or siblings,
and it is also more common in people with other allergies. Certain
events that occur early in life can affect the developing lungs and
increase the risk of asthma. Among these factors are low birth weight,
prematurity, exposure to tobacco smoke and other sources of air
pollution, and viral respiratory infections. In addition, it is believed
that exposure to several allergens and irritants in the environment
may increase the risk of asthma, as indoor air pollution and pollen,
house dust mites, molds, and exposure to work to chemicals, fumes,
or dust. Along these lines, urbanization has been associated with an
increase in the prevalence of asthma, probably due to several factors
related to lifestyle, as well as being overweight, which has been
associated with a greater risk of suffering from asthma (5).
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Asthma is considered to have no cure, proposing a treatment with
inhaled medications can help control the disease, as well as make it
easier for asthmatic people to lead a normal and active life (6).
however, different non-pharmacological therapeutic approaches can
improve the symptoms of asthmatic patients, and that in many cases
are not applied. For this reason, this narrative review was conducted
to analyze the basis of non-pharmacological interventions in asthma.

To reach the study purpose, a consensus and critical review were
conducted, analyzing primary sources such as academic research and
secondary sources such as databases, web pages, and bibliographic
indexes, following procedures of previous critical narrative reviews
(7-10). We reviewed MedLine (Pubmed), Cochrane (Wiley), Embase,
and CinAhl. Databases the MeSH-compliant keywords of asthma and
intervention, nature, early exposure, environment, pathogenesis,
GUT, microbiota, stress, metabolic health, physical activity,
physiotherapy, nutrition, ergogenic, and psychology. We used
manuscripts published from 1 January 2012 to 10 May 2022, although
previous studies were included to explain some information in several
points of the review. We used the following exclusion criteria in line
with previous reviews (11, 12): i) research outside the period analyzed,
ii) presented topics out of the review scope, iii) Unpublished studies,
books, conference proceedings, abstracts, and Ph.D. dissertations.
We used all the studies that met the scientific methodological
standards and had implications with any of the subsections of the
present review. The treatment of the information was performed by all
the authors of the review, and finally, the articles selected were
discussed to write the present review.

2. Exposure to environmental,
climatological and natural conditions

The prevalence of allergen-related diseases is increasing every year
and is already considered a public health problem by many
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professionals in this area (13). It is estimated that between 30 and 40%
of the world’s population is affected by an allergy and frequently
suffers from allergic rhinitis symptoms (14). This condition usually
appears with exposure to environmental allergens such as pollen,
facilitating the presence of sneezing, rhinorrhea, tearing, itching, and
mild to severe nasal obstruction (15).

Recent studies have been able to demonstrate that the pollen that
is transported through the air is increasing (16). The increase in pollen
production in plants that are pollinated by the wind has made it easier
for the air we breathe to have a higher concentration of pollen (17).
This could be explained by the fact that plants are producing more
pollen when temperatures are high, which makes it easier for this to
happen not only in natural environments but also in urban
environments (18, 19).

2.1. Allergen tolerance

An important factor that may be affecting the production of
potentially allergenic substances in plants is climate change. This is
due to climate change affecting all plant processes, including the
flowering process, and pollen production (20). This is because plants
are subjected to high amounts of carbon dioxide (CO2) (21). This
causes plants to produce proteins that are intended to protect the
planet from climate change (22). f these natural processes are
compared in their production in the ‘90s, we can see that nowadays
they are more than 20 days earlier and last at least 8 to 10days (23). On
the other hand, the derived allergic symptoms are more intense and
severe since plants and trees have increased their pollen production
by more than 30% compared to previous decades. Moreover, the
forecast is that this will continue to increase over the next 40-50 years
(24). All this is important because a person’s immune system tends to
become less reactive as age increases, which means that the
symptomatology associated with allergens is usually reduced (25).
However, climate change is causing this natural, innate protection in
people to disappear. Not only will seasonal allergic symptoms remain,
but they will worsen and last longer (26). Proof of this is that, at
present, almost 20% of the adult population between the ages of 50
and 65 are suffering from allergies for the first time in their lives (27).

Examples of the impact of climate change are the results of studies
in different countries. In the Netherlands, a direct relationship has
been verified between pollen levels and the advancement of high
temperatures that cause the pollen season to extend its duration and
its levels of pollen concentration in the air (28). In addition, evidence
of pollen transport over long distances has been recorded (29). Thus,
it is known that pollen has been transported from Morocco, the
Iberian Peninsula (Spain), and the Sahel to the Canary Islands. In
other words, pollen travels up to more than 2,000 kilometers and is
responsible for respiratory symptoms (30). In Beijing, we also find
large amounts of haze that hinder the free circulation of the wind in
the middle troposphere and therefore favor the accumulation of
allergens in the air. The same applies to pollution. The progressive
increase that has occurred in recent years in this issue also causes the
number of allergies to increase, as it directly affects the presence of
more allergens in the air (31).

Actually, the food allergies account for a prevalence of up to 45%
in Europe, according to data collected by EAACI (European Academy
of Allergy and Clinical Immunology). Worldwide, it is estimated that
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between 10 and 40% of the population suffers from this pathology,
according to data collected by WAO (World Allergy Organization).
More than 20% of these diagnoses are found in developed countries,
although the type of food and other variables are modulators in the
expression of allergy (32, 33). Furthermore, it is well known that food
allergies have increased markedly in recent decades, ranging from 1
to 3% in adults and from 4 to 6% in children (32). These allergies
appear during the first years of life and have a great impact on the life
of children and families because of the implications in all areas of the
child (family, school, social) and because of the high number of
adverse reactions that appear at the time of ingestion of food whose
allergy is already known, and at the time of ingestion of new food that
can cause unknown and highly severe symptoms, such as
anaphylaxis (33).

The origin of this type of allergy is a complex issue. Our body
detects a protein-mediated by immunoglobulin E (IgE), which is
present in the blood, and which is concentrated in greater quantities
when there are allergic reactions (34). When this protein is detected,
our body secretes IgE to fight and attack it. This release into the
bloodstream causes histamine to be released, which favors the
appearance of allergic symptoms. However, it is not easy to know why
this process occurs (35). There may be a genetic factor when there is
a family history of allergy, but it could also be explained by the way
food is cooked or processed, which can facilitate the likelihood of food
allergies (36).

In children, a very high percentage, 90%, of allergies come from
cow’s milk. Other foods found in this group are eggs, nuts, peanuts,
fish, wheat, and soya (37). However, any food can cause allergies in
children, and this will only be known during the first intake of the
food (38).

At present we do not know exactly what are the processes that
trigger the allergic response, but we can state that it is a relationship
between genetic factors and environmental factors (39). We know that
it is not possible to act with generic factors. However, it is possible to
prevent some environmental factors (31). In this sense, exposure to
allergens from the first moments of life is an essential factor so that
our immune system does not detect them as a foreign body to
be fought against (40).

2.2. Early life exposures

In this line, in the last decades, a method of upbringing is being
used in which children are deprived of exposure to the natural
allergens with which human beings have historically coexisted (41).
Knowing that the genetics of human beings has not changed in the last
100 years, lifestyle and home conditions such as excessive protection
and even hygiene, favor that the child is not exposed to certain
allergens from an early age and therefore, sensitization to pollens,
mites and food appears favoring the emergence of allergies. The same
is true when the child is not exposed from an early age to allergens
that are present in nature such as pollen, mold or animal hair (42).
This will determine the presence of allergies and intrinsic asthma,
associated with the initial allergy (43). In this regard, it is relevant to
note that the body is naturally prepared to fight against potentially
dangerous substances. The immune system is composed of antibodies,
white blood cells, complement proteins, mast cells and other
substances that enable defense against adverse elements called
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allergens. It is at the first exposure to these elements that the immune
system produces an antibody called immunoglobulin E, which causes
sensitivity to the allergen and triggers a chain reaction. When this
exposure is naturally delayed or inhibited from the earliest years of
life, the chances of more aggressive allergies are greatly increased
(44-46).

The immune system must be prepared to provide an adequate
response to antigenic stimuli that occur during vital development (47).
However, the recent overprotection of newborns makes the immune
system more vulnerable because it is not subjected to adequate
concentration levels of various pathogens and there is no stimulation
to activate the proper functioning of the immune system (48).
Excessive hygiene and the absence of germs together with early
vaccinations and other measures to avoid common infections are
actions that are directly related to the child’s immune system not being
activated, facilitating the appearance of allergies (49, 50). All this,
together with the increasing levels of pollution and the lack of rain that
we are suffering, is causing allergies to increase significantly and
asthma in children is exacerbated (51).

The WHO (World Health Organization) indicates that more than
90% of the child population is subjected to very high levels of
pollution, above what is legally permitted, which also favors the
increase of asthma in children (52). This is important considering that
in children under 5years of age, bronchial hyperreactivity that triggers
asthma is the chronic disease that causes the highest number of
admissions to the hospital network (53). In this line, recent studies
indicate that infant-juvenile patients are those who suffer the most
severe symptoms (54). In Latin America, the prevalence of this disease
in children is over 17%, reaching up to 30% in some populations (55).
In Europe, the countries with the highest prevalence of asthma and
childhood allergies are Germany, Ireland, the United Kingdom, and
Finland, reaching 25% of the affected child population. Along the
same lines, another interesting fact is that in 2019 there was an
estimated affectation of more than 260 million people with asthma
worldwide and more than 460,000 deaths directly or derived from
respiratory complications (56).

3. Close environment and asthma
pathogenesis

Recent researchers have proposed that environmental exposures
can significantly influence the phenotype of allergic diseases, including
asthma (45). In this line, the prevalence of this disease is increasing,
mainly due to genetic changes related to the inflammatory pathways
(57). However, The International Study of Asthma and Allergies in
Childhood established that other factors such as the socio-economic
conditions of the different regions or countries can generate different
environmental conditions that are precursors to asthma, such as air
pollution, dietary patterns, or viral infections (58). In this line, early
childhood is considered a particularly vulnerable period as the
immune system is still developing (59), showing how the increase in
allergic diseases is due to the loss of symbiotic relationships with
parasites and bacteria that allow the immune system to remain alert
(60). Thus, some factors such as the low interaction of children with
the environment may produce a reduce environmental microbial
exposures, and the use of a greater amount of antibiotics, among
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others, favor the development of respiratory diseases such as
asthma (61).

In this line, when it was compared children who lived on farms
with a control group who in the prevalence of asthma and atopy in
function to the diversity of microbial exposure, it was shown how the
exposition to a larger variety of environmental microorganisms
correlated with lower prevalence asthma (61). Moreover, Feng et al.
(62) reported similar results establishing a significantly lower
prevalence of asthma in Chinese children living in rural areas
compared to those living in an urban environment (2.8% vs. 29.4%,
respectively). In the American population, it was observed that
children living on smaller, traditional farms were exposed to a higher
quantity and quality of microbial diversity than children living on
more modern farms, showing a lower prevalence of asthma (5% vs.
23%, respectively) (63). In this fact, Riedler et al. (64), showed similar
results to previous studies, indicating the importance of the time of
exposure to microbial diversity during the first and fifth years of life
to achieve a protective effect against asthma; and Lampi et al. (65)
showed in their prospective birth cohort study in Finland population
that a farming environment during infancy is associated with higher
lung function (measured trough forced vital capacity and forced
expiratory volume in 1s) and lower asthma prevalence in adulthood.
To support this, Genuneit et al. (66) showed in a meta-analysis that
living under rich microbial conditions could reduce 25% asthma risk
occur. Despite the results shown by the different investigations, the
environmental microbiome may play a significant role in asthma
pathogenesis, mechanisms behind this fact remain undefined (67).
However, some authors have hypothesized that the differences in the
skin microbiome and the nasal microbiota observed between both
scenarios (rural and urban) could explain this pathological
mechanism. In this line, Lehtiméki et al. (68) observed in the
Copenhagen Prospective Studies on Asthma in Childhood that the
levels of several cytokines and chemokines measured in nasal mucosal
samples from subjects aged 1 month and plasma from subjects aged
6months differed by rural or urban area. However, this fact was
insufficient to conclude that asthma pathogenesis is explained by
these results.

However, it is possible that exposure to the natural environment
negatively affects the human microbiome and its immunomodulatory
capacity, inducing the development of some type of allergy or asthma.
In this line, Rufo et al. (69) carried out a longitudinal birth cohort
study on Portuguese children, and their results showed that children
who lived close to an environment with more green spaces at birth
have a protective effect on the development of asthma. However,
children who live close to a greater number of animals appear to
be associated with a higher risk to develop this disease. Conversely,
Dadvand et al. (70) conducted a cross-sectional study on Spanish
children and reported that living close to parks was associated with a
60% higher relative prevalence of asthma. Concerning this, similar
results in asthma prevalence associated with greener areas were found
by Andrusaityte et al. (71) in Lithuanian children. In this regard,
several investigations have been stated that protective effects of green
environments could be associated with the autonomic nervous system,
leading to stress reduction, lower heart rate and lower allostatic load
(72,73). However, further research is necessary to understand possible
interactions and mechanisms between these environmental factors
and the development of asthma in the early stages of life.
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Furthermore, the indoor microbial environment (e.g., crowding,
family size, daycare, and pet care) has been established as another
determining factor in strengthening the immune system. In this line,
several studies have shown that daycare attendance in early life was
correlated with decreased asthma rates at school age (74) and
adolescence (75). However, exposure to pets (e.g., dogs and cats) has
been implicated as both a risk and a protective factor for developing
asthma (76). In this line, in a cohort study conducted with Swedish
children, it was reported how exposure to dogs and farm animals
during the first year of life reduces the risk of asthma at age 6 years
(77). Moreover, from a molecular view, it has been stated that
endotoxins from the cell walls of gram-negative bacteria play a key
role in protective effects for allergy and possibly asthma (78).
Regarding this fact, higher endotoxin concentrations were significantly
associated with having pets and more than 4 persons living in the
same home according to the analysis of 3 European countries included
in the AIRALLERG study (79). Thus, endotoxins could be essential to
exert a protective function against the development of allergies and
asthma. In this line, associations have been established between
contact with pets during the first years of life and the increase in this
parameter (45). In this line, for primary prevention of asthma and
allergy, Lodrup Carlsen et al. (76) reported in their meta-analysis that
there is not enough evidence to discourage parents from allowing
children to have contact with pets in the first years of life, since it has
been observed that it does not increase the risk of allergies or asthma.

4. Gut microbiome and asthma
pathogenesis

The human body is made up of bacteria, viruses, protozoa, fungi,
and archaea that live in balance, generating perfect body homeostasis.
The above form the microbial tissues, which are found in the walls of
tissues as important as the oral walls, nasopharynx, pulmonary, and
gut. As so, the human body is inhabited by 10 times more
microorganisms than the number of cells that our body counts,
affecting many different life processes and guaranteeing homeostasis.
Alterations in the microbiota and its composition can generate
dysbiosis. This can be of multifactorial origin, but one of the most
important is exposure to the environment. In this line, there is a strong
impact on allergy and asthma regarding microbiome
environmental exposure.

The first reports regarding the environmental microbiome as a
protective component came from Riedler et al. (64). Authors
determined that children living on Alpine farms, who had contact
with farm animals and consumed unpasteurized milk, were less likely
to have asthma, and allergic rhinitis, and were less atopic than their
peers from non-farming families (64). In the upcoming years Braun-
Fahrldnder et al. (78), suggested that gram-negative bacterial
endotoxins in samples of dust from the child’s mattress correlated
inversely with the prevalence of atopy measured by allergen-specific
IgE level and with bronchial asthma and cytokine production by
peripheral blood leukocytes. In the same line, one of the most recent
studies is that by Gozdz, et al. (80), studying the Hutterites and the
Amish communities. Authors found between both populations that
there was a huge difference in the prevalence of allergic diseases
among children. In this line, the levels of bacterial endotoxin in the
dust from the Amish houses are sevenfold that from the Hutterites’
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houses, presenting a different bacteriological composition. Being the
bacteriological composition of the dust. Authors exposed that the
Amish’s dust exposure prevented the development of asthma in
mice, but the dust from Hutterites houses induced bronchial
hyperresponsiveness (80). Furthermore, a cross-sectional study in
2017 evaluated a children group of 6-12 years old living in rural areas
and small towns of Europe. Authors suggested that in the rural
environment the microbial diversity and the number of bacteria and
fungi are significantly higher than in other areas (81). According to
the authors “This specific microbial cocktail stimulates our immune
system to protect against the development of allergies, thus, the more
bacteria and fungi in the environment the less likely bronchial asthma
occurs (82)” In urban environments in which exposure to microbial
agents is lower than in rural ones, the authors analyzed exposure to
domestic animals. They conclude that children who lived among
home pets’ allergens in their first year of life are less likely to develop
asthma, suggesting that bacteria present in the environment could
play the role of adjuvant inducing immune tolerance to allergens (83).

The above studies strongly suggest that a microorganism-rich and
natural environment offers protection against respiratory diseases
such as asthma and allergies, with the ability to modify immune
maturation in early life. This is mainly explained throw the activation
of airway epithelial cells which are mediated by toll-like receptor 4
(TLR4) and nuclear factor kB (NF-xB) (84). Therefore, the secretion
of pro-inflammatory mediators like chemokine CCL20 and
granulocyte-macrophage—-colony-stimulating factor is produced,
necessary for the recruitment and maturation of dendritic cells. For
asthma, the authors suggest that airway exposure to endotoxins
inhibits the activation of NF-kB by the increase in the synthesis of its
attenuator, enzyme A20, being this one therapeutic key target for
asthma prevention (85).

However, the interactions between external agents and the
microbiota are more heterogeneous and complex than we think, and
future research will expose the receptors, agents, and cytokines that
explain the action-reaction of allergies and asthma (Figure 2). In this
line, a recent review exposes an interesting concept of “early
microbiological programming.” Since life’s early stages are crucial.
First contact is in the fetal life with the presence of bacterial DNA in
the placenta, amniotic fluid, and meconium (86). The second one is
the colonization of the gastrointestinal tract, which takes place from
the first days of life till the 3 years of life, then intestinal biodiversity is
formed and stabilized in later life (87). Yet, there are crucial factors
related to the early colonization of the intestines, airways, and skin.
Among them: Early use of antibiotics during pregnancy and in early
therapy during newborn stages; Mode of delivery, since the newborn
will be colonized by either bacteria from the mother’s skin or vaginal
bacteria; Feeding method since breastfeeding promotes colonization
with bacteria that reduces the risk of allergies; Newborn and mothers
feeding, since unpasteurized milk consumption during pregnancy and
infant period may be protective; Early environmental exposure to
animals (88).

Throughout infant and adult life, the development of asthma is
related to dysbiosis. In patients who have developed the presence of
asthma, the microbiological composition of the respiratory tract
differs from non-asthmatic. With the isolated bacterial strains of
Proteobacteria; Bacteroides predominate in non-asthmatics (89). Yet,
there is not enough scientific evidence to support the mechanisms and
role between bacterial composition and asthma phenotype (90). The
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answer as to whether asthma is the cause, or the consequence has only
been seen in animal models. In this line, germ-free mice which were
exposed to allergens reported a severe allergic reaction. Yet, after
bacterial colonization, the allergic reaction was not present (91).
Furthermore, the nasal respiratory tract exposed to farm dust results
in predominant bacterial colonization of Acinetobacter Iwoffi F78 and
Lactococcus lactis G121, which are preventive for airway inflammation
(92). In human cohort studies, the bacterial colonization of
Streptococcus, Haemophilus, and Moraxella in the nasal and lower
respiratory tract during the first months of life increased the risk of
bronchial asthma, wheezing, and high IgE concentrations (93).
However, if this colonization takes place after the first 12 months of
life, it no longer increases that risk (94).

In this line, the composition of the lower respiratory and
nasopharyngeal tract, as well as the lungs, is affected by intestinal
bacteria that are transported through micro-aspiration and bacterial
metabolites circulating in the blood (90). One of the most important
studies in this regard is the COPSAC2010, in which 690 children were
followed from birth up to 5years of age. The intestinal microbiota and
its colonization during the first year of life were associated with the
later risk of asthma. Also, low microbial maturity and diversity during
the first year of life have an important role in the development of
childhood asthma. Thus, the identification of patients, especially in
the early stages, who are at high risk for asthma is essential. This may
allow for interventions such as manipulation of environmental
microbial exposures or the human microbiome. Likewise, the authors
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suggest potential effects of specific microbial supplementation during
the first year of life for children at high risk for developing asthma (95).

5. Stress and asthma pathogenesis

Stress is defined as a phylogenetic response developed by an
organism, which includes psychophysiological and behavioral
modifications, to face the stressor event and ensure survival (96).
Regarding physiological modifications, it has been widely described
in previous literature how circulating concentrations of
pro-inflammatory cytokines showed raised levels related to stress
exposure (97), in particular IL-6, IL-1f, IL-2, IL-10, and TNF-a, due
to increased production of these cytokines from immune system cells
(98), primarily macrophages, and monocytes. Furthermore, previous
authors pointed out how this inflammatory response also involves
activity from some innate immunity cells, apart from macrophages
and monocytes, such as eosinophils, neutrophils, and natural killer
cells, as well as activity from adaptive immunity cells, including T and
B lymphocytes (99). This inflammatory response has the objective to
protect the organism from infections and prevent diseases since the
immune system is stimulated. As well, this circumstance also has been
described in asthma patients, where some interleukins have been
found raised, such as IL6, IL-4, IL-5, and IL-13, secreted from CD4+
lymphocytes, promoting an allergic inflammation which involves a

worse prognosis of asthma disease (100, 101).
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At a molecular level, it has been widely described how the
presence of diverse cytokines could modulate T cell differentiation
through different pathways, including signaling cascades. In this way,
toll-like receptors (TLRs), and nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-kB) are two important factors that
are related to asthma pathogenesis, being answerable to inflammation
processes, showing complex correlative reactions that involve different
molecular changes (102, 103). Regarding asthma, TLR2, TLR4, TLR7,
TLRS8, and TLR9 polymorphisms have been elucidated by their
implication in allergic and asthma pathways (104-106) and are also
related to allergic and asthma exacerbations. Then, TLRs identify
different pathogen-associated molecular patterns or damage-
associated molecular patterns, leading to the stimulation of immune
cells and the discharge induction of different pro-inflammatory
cytokines and chemokines. Additionally, the activation of TLRs
promotes the activity of NF-kB as well as other types of kinases which
also enhances the induction of inflammatory cytokines genes. This
process is due to the translocation of NF-kB heterodimer to the
nucleus, where binding to DNA is possible and consequently activates
gene transcription. Finally, NF-kB is also accountable for apoptosis
inhibition (107) fact which could compromise cellular renovation
(108), harming the cellular cycle.

Related to oxidative stress, numerous research described how the
lungs were exposed to a large number of oxidative substances, which
may deteriorate lung function. Thus, even oxidative molecules, such
as reactive oxygen species (ROS) and reactive nitrogen species (RNS)
may be included in normal metabolism processes (109), also airway
inflammation and asthma disease could be responsible for the raised
production of ROS and RNS, in gran part mediated by eosinophils
and neutrophils activity (110), likely having a negative influence in
asthma prognosis. Considering these findings, previous researchers
suggested the consequent effect of oxidative stress on asthma onset
and asthma development (111-113).

Regarding eosinophils, several substances such as major basic
protein (MBP), eosinophil peroxidase, eosinophil cationic protein,
and numerous cytokines have been identified as cytotoxic and directly
related to tissue injury (114, 115). Furthermore, MBP may be related
to the liberation of histamine from mast cells, and this discharge of
histamine could be liable to neutrophils and macrophage activation,
triggering a considerable inflammation event in the airways (116).
Additionally, eosinophils may produce several interleukins, including
1L-4, IL-6, IL-9, and IL-13, and leukotrienes, all of them related to
inflammatory processes (114, 117-119). Finally, recent literature
described how eosinophils also could alter airway surroundings, since
they have been pointed out as responsible for pro-fibrogenic TGF-3
release, producing epithelial and microvascular changes, subepithelial
fibrosis, and epithelial damaging (120-122). Moreover, related to
molecular pathways previously described, it has been highlighted how
eosinophils also present TLRs (123), previously described by their
implication in asthma and allergy processes. Thus, added to the fact
that also asthma patients showed increased values in eosinophils levels
(124), as previous researchers pointed out, eosinophils may
be considered an important key factor that could aggravate asthma
symptoms and quality of life.

Therefore, regarding the relationship between TLRs, interleukins,
and eosinophils, and considering the large number of substances that
are contained in eosinophils’ granules and their subsequent effects, it
could be determined that these cells constitute a major factor that may
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be responsible for exacerbation and a potential component in disease
progression and symptoms exacerbation. Then, since stress could
be contemplated as an eliciting contributor to promoting immune
system activation and inflammatory processes (125), which also
involves eosinophils activation, it could be considered as an enormous
vicious cycle that could compromise asthma disease, being high-stress
levels related to a worse asthmatic prognosis (126).

6. Metabolic health asthma

Asthma has been largely associated with metabolic diseases which
also involved inflammation processes, such as diabetes mellitus type
2, obesity, dyslipidemia, and metabolic syndrome (127-129). Systemic
inflammation and oxidative stress processes may be responsible for
the connection between asthma and these chronic events (130, 131).

Regarding diabetes, previous authors proposed its relationship
with asthma events, since a positive association was found in
numerous studies between both diseases, being insulin resistance
related to further asthma prevalence (130, 132, 133), probably because
both pathological events share common pathways, probably associated
with an increase in IL-6 and IL-10 and their pro-inflammatory effects
(134). Additionally, this association has been also pointed out as
bidirectional, since previous literature described how asthma patients
showed a raised risk of diabetes development (135). Furthermore,
previous researchers highlighted how diabetes type 2 is more frequent
in patients with asthma than in individuals without this pulmonary
disease and it was also pointed out that this association could trigger
a deficient result in asthma control (128, 136, 137). Moreover, the
relationship between asthma and diabetes also has been linked to a
larger use of medical sources, including a higher prevalence of
hospitalizations, as well as a compromised quality of life, due to the
higher incidence of exacerbations and complications present in
populations described in recent studies (138-140). One of the
physiopathology explanations found by previous researchers which
could relate diabetes and a major incidence of comorbidities is that
elevated glucose or insulin levels present in the lungs could enhance
the growth and differentiation of fibroblasts, harming lung
function (141).

Regarding the relationship of asthma and diabetes with other
associated pro-inflammatory conditions, previous studies described
how asthma and diabetes patients showed an increased risk of
developing coronary diseases compared with non-asthmatic patients,
suggesting the possibility of a relationship between these three
disorders, probably due to the involvement of IL-6 and IL-17 activity,
cytokines which developed inflammatory events (137). Furthermore,
it has been pointed out by recent literature how asthma could
be related to ischemic heart disease (142), since patients in older age
(> 53 years) showed a significant association between both diseases.
Thus, it also could be explained through the contribution of a
pro-inflammatory environment which may enhance atherosclerosis
(143), negatively affecting vascular modeling and promoting ischemic
events. Additionally, previous authors suggested that diabetes type 2,
asthma, and obesity also could be related to asthma, since both
diabetes and obesity are chronic diseases that also involve systemic
inflammation (144, 145). Previous researchers described two different
mechanisms which may be responsible for the relationship between
asthma, obesity, and diabetes type 2. Primarily, it could be due to the

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1172391
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Clemente-Suarez et al.

inflammatory conditions, and also it may be explained by the excess
fat mass and airway inflammation in asthma which may enhance
diabetes development (130).

Regarding metabolic syndrome and dyslipidaemia, it has been
largely described how they may be associated with asthma, probably
due to IL-6 activity originating from activated macrophages, which
promotes systemic and pulmonary modulation, as well as due to the
oxidative stress and their effect on airway hyper-responsiveness (146
149). Nevertheless, the key important factor seems to be IL-6, since its
levels have been shown raised in patients which presented both poor
controlled asthma events and obesity, probably due to its
pro-inflammatory effects triggering modulation in systemic and
pulmonary inflammation, probably being this IL-6 originated from
activated adipose macrophages (150, 151).

Regarding to other metabolic diseases, it has been found how
asthma may be related to vitamin D deficiency, since several authors
proposed that low levels in vitamin D were associated to current
asthma disease (152). These findings were also supported by the fact
that a supplementation of vitamin D has been demonstrated as a
useful tool which may reduce asthma complications as well as it could
enhance asthma control when patients showed a severe low vitamin
D baseline levels and intense asthma disease (153-157). These findings
may be explained by the fact that raised expression of TNF-a has been
associated to low vitamin D levels (158, 159), which may be related to
elevated pro-inflammatory conditions, being a deficiency in vitamin
D responsible of a pro-inflammatory environment which could
compromise development and control in asthma disease (160-162).

Finally, regarding to thyroid metabolism, recent research pointed
out how asthma disease could be related to thyroidal dysfunction
(163), since asthma may be associated to both hypothyroidism and
hyperthyroidism. One more time, the relationship between asthma
and thyroidal diseases may be explained by the fact that both share
same inflammatory mechanisms, in this case involving a
pro-inflammatory subpopulation of CD4+ lymphocytes, Thl and
Th17 pathways (164-166).

It is important to note that the common factors which relate to
all these metabolic pathologies are cytokines and oxidative stress,
which have been elucidated to have a raised impact that could explain
these different pathologies, being all of them interconnected. In this
line, obesity has been associated by previous researchers with elevated
levels of TLR4, TNF-a, IL-6, C reactive protein, and IL -1f,
modulating inflammatory processes which may improve the
appearance of other metabolic pathologies such as atherosclerosis,
diabetes type 2, and cardiovascular events, being TNF-a and IL-6
those cytokines which seem to take more importance in these
processes (105, 141, 167). In this line, also TLR4 has been found
raised in areas with atherosclerosis plaque which were relatively close
to suffer a separation from vascular wall, as well as it has been found
how different polymorphisms in TLR4 may be associated with larger
tendency to cardiovascular events (168). Furthermore, TNF-a and
IL-6 also have been highlighted to be responsible for the association
between obesity and asthma, since they could enhance the production
of IL-4 and IL-5, being both found raised in eosinophilic asthma
(141, 169). Related to oxidative stress, previous literature pointed out
how obese patients produced higher levels of ROS molecules, as well
as decreased levels in asthmatic patients (170, 171). Regarding
metabolic syndrome, previous authors described how adipose tissues
of patients with concomitant obesity and asthma disease produced

Frontiers in Public Health

10.3389/fpubh.2023.1172391

cytokines, TNF-a, and interleukins, which also promoted systemic
inflammatory response (172, 173).

Thus, contemplating findings supported by previous literature, it
could be considered that a multifactorial relationship may exist
between different metabolic events, all of them mediated by the
presence of a pro-inflammatory environment which enhances the
development of different pathologies interlinked between them.

7. Oral health and asthma

Although there is a relationship between the state of the oral cavity
and asthma, the findings are not conclusive. In this line, a study
carried out in the United Kingdom, showed that subjects between 11
to 25years with more plaque and gingivitis presented a greater
incidence of asthma (174). Contrary, in another study from Belgium,
there was no significant correlation between oral health measures and
asthma duration, severity, or medication exposure time in asthmatic
children aged 3 to 17 years (175). This study is consequent with the
NHANES III study in adolescents aged 13 to 17 years, where neither
asthma nor cumulative use of anti-asthmatic medications was
significantly associated with gingivitis or periodontitis (176).

Regarding the relationship between the health state of the oral
cavity and asthma, authors who affirm its relation suggest that may
be due to immunological and inflammatory processes in the patient’s
body, the taking of anti-asthmatic medications, especially inhaled
ones, or both (177). For example, as in the case of oral candidiasis,
which causes would be the immunosuppressive and anti-inflammatory
effects of steroids (178). The influence of saliva secretion on
periodontal disease is also important when considering the impact of
asthma on periodontal disease. The deterioration of the physiology of
the periodontal tissues can be the result of a reduced protective effect
of saliva, which is combined with an increase in the dry mouth
resulting from the process itself. This can cause mouth breathing in
the patient, as well as changes in saliva composition and changes in
saliva quantity, but can also result from the effects of inhaled
corticosteroids. As a result, changes in the number of bacterial and
immunological factors, significantly lowering the concentration of
immunoglobulin A can be seen (179). Furthermore, changes in the
amount of immunoglobulin E and microelements, as calcium and
phosphorus, affect susceptibility to further accumulation (178). The
increased prevalence of periodontal disease in asthmatic patients,
especially those taking inhaled corticosteroids, may also be due to its
effect on bone mineral density, including that of the maxilla and
mandible (180).

Other diseases such as allergic rhinitis that induce mouth
breathing may play an important role in the development of
periodontal disease. For example, obstructive sleep apnea (OSA),
adenoid and tonsil hypertrophy, and neuromuscular disorders can
affect young children (181).

7.1. Inhaled corticosteroids and oral health

In this line, inhaled corticosteroids (ICS) are currently the most
widely used medications for asthma control. Although they are the
most effective long-term maintenance therapy available for mild,
moderate, or severe persistent asthma, they present side effects in
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approximately 10-30% of patients (182). Primary treatment with ICS
may favor the development of candidiasis accompanied by hoarseness
and cough, dysphonia, xerostomia, changes in the composition and
rate of secretion of saliva, changes in the hard tissues of the teeth,
periodontitis, and irritation of the oral mucosa and the area around
the corners of the mouth (183). Authors suggest that compared to
healthy individuals, patients treated with ICS are characterized by:
more severe caries (184), more frequent periodontal disease,
significantly impaired oral hygiene (185), and malocclusions (186).

7.2. Oral microbiome In asthma

Since under healthy conditions, the airway lumen contains mostly
air, the availability of nutrients for most microorganisms is relatively
limited (187); which could explain the low amount of the bacterial
community in healthy subjects. On the other hand, the airways of
patients with obstructive airway diseases such as asthma contain a
dense growth medium rich in secreted mucus proteins that promote
the growth of different types of microorganisms (188). Alterations in
the composition and function of the bacterial population appear to
contribute to the pathophysiology of asthma. Studies of sputum
samples obtained by brushing or nasopharyngeal lavage have reported
features of the microbiota associated with asthma. Current evidence
presents alterations in the pathophysiology of bronchial bacterial
communities in the pathophysiology of asthma in a wide range of
clinical presentations of asthma (189).

7.3. Asthma and bacterial composition

Durak et.al performed sequencing profiles using the 16S rRNA
gene from samples of paired protected bronchial brushings, induced
sputum, oral lavage, and nasal brushings from adults with mild atopic
asthma, atopy without asthma, and healthy controls. They found that
although the nasal microbiota was very distinct from that of the oral
or bronchial compartments, the abundance of specific bacterial genera
in nasal brushes from asthmatic subjects (Corynebacterium and
Moraxella) was associated with asthma and was also associated with
markers of systemic inflammation and bronchial. In an association
study of atopy, asthma with response to inhaled corticosteroid
treatment, the bronchial microbiome differed significantly between
groups. Haemophilus, Neisseria, Fusobacterium, and Porphyromonas
species and the Sphingomonodaceae family were found mainly in
asthmatic subjects. Changes in the microbiota were observed after
fluticasone treatment (190).

Denner et al. found significant differences in microbial diversity
between brushing and washing samples from asthmatic patients and
control subjects. Lactobacillus, Pseudomonas, and Rickettsia species
were significantly more frequent in samples from asthmatic patients,
while Prevotella, Streptococcus, and Veillonella species were more
frequent in brush samples from control subjects. In addition, linear
models on brush samples suggest that oral corticosteroid use is an
important factor affecting the relative abundance of taxa that were
significantly enriched in asthmatic patients. In addition, « bacterial
diversity in brush samples from asthmatic patients was correlated with
FEV1 and eosinophil ratio in subjects with bronchoalveolar lavage
samples (191).
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Examining the composition of the airway microbiome in patients
with corticosteroid-resistant asthma, 66.6% of subjects with asthma
were corticosteroid-resistant (CR), and the remainder were
corticosteroid-sensitive CS. The bronchoalveolar lavage microbiome
of subjects with CR and CS asthma did not differ in richness,
uniformity, diversity, and community composition at the phylum
level, but did differ at the gender level (192). In this line, Hilty et al.
found that pathogenic proteobacteria, particularly Haemophilus spp.,
were much more frequent in the bronchi of asthmatic adults or
patients with COPD than in controls. They found increases in
Proteobacteria in asthmatic children. In contrast, Bacteroides,
particularly Prevotella spp., were more frequent in healthy controls
than in asthmatic adults or children or COPD patients (193).

Hwang et.al found that the bacterial communities associated with
worsening of the ACQ score and total leukocytes (mainly eosinophils)
in sputum were predominantly Proteobacteria. In contrast, improved/
stable ACQ and bronchial epithelial gene expression of FKBP5, an
indicator of steroid responsiveness, were correlated with
Actinobacteria (194). In a later study, they found that the relative
abundance of members of Sphingomonadaceae, Oxalobacteraceae,
Comamonadaceae, and other bacterial families was highly correlated
with the degree of bronchial hyperresponsiveness in adults (195).

Kloepfer evaluated bacterial presence during peak Rhinovirus
(RV) season in children with and without asthma to determine if there
is an association between bacterial infection and severity of RV
illnesses. Their findings suggest that S. pneumoniae and M. catarrhalis
contribute to the severity of respiratory illnesses, including asthma
exacerbations (196).

74. Asthma and viruses

Viral infections of the respiratory tract are usually self-limited
illnesses and common. For patients at risk of asthma, or with existing
asthma, viral respiratory tract infections can have a profound effect on
disease expression or loss of control. Episodes of wheezing early in life
due to rhinoviruses are an important risk factor for diagnosis of
asthma at age 6years. These viral infections are mainly involved in
human rhinoviruses, which are associated with exacerbations of
asthma. Deficiencies in antiviral activity and airway epithelial barrier
integrity could make people with asthma more prone to serious viral
lower respiratory tract infections and thus increase the risk of
exacerbation. Given the effect of respiratory viruses on many aspects
of asthma, efforts to understand the mechanisms and risk factors by
which these airway infections are associated with changes in airway
pathophysiology are the first step toward better treatment (197).

7.5. Asthma and candidiasis

Oropharyngeal candidiasis is common in patients using
corticosteroids, with a direct correlation between high doses and
exposure time. Oral candidiasis includes symptoms such as an
unpleasant sensation in the throat and pharyngodynia (198). It is
mainly due to the immunosuppressive effects of ICS (178) and
decreased concentrations of salivary IgA and histatin (198). Nearly
20% of the inhaled dose reaches the lungs, with most remaining in the
oropharynx. In addition, many dry powder inhalers (DPIs) contain
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lactose monohydrate as a carrier, which can promote Candida growth
and worsen Candida. Beta 2 agonists may also contribute to a higher
incidence of candidiasis by reducing the concentration of saliva (177).

Fukushima et.al found that the amount of Candida spp. was
significantly higher in asthmatic patients taking inhaled steroids
(fluticasone and beclometasone) compared to those not taking them.
It was also significantly higher in patients with oral symptoms than in
asymptomatic patients and significantly higher in asthmatic patients
treated with fluticasone than in those treated with beclomethasone.
The presence of Candida was positively correlated with the dose of
fluticasone. Also, gargling with amphotericin solution reduced the
number of Candida and improved symptoms (198).

Kurt et al. analyzed the frequency of oropharyngeal candidiasis in
asthmatic patients using fluticasone propionate (FP) as a dry powder
inhaler. The frequency of Candida colonization was higher in the
group of FP users than in asthmatics without ICS use. The most
effective variables in preventing the occurrence of Candida
colonization were throat washing by patients and duration of ICS use
greater than 12 months. In patients using ICS, the most important
determinants of colonization were not washing the throat regularly
and the duration of ICS use for more than 12 months or more (199).

To reduce the incidence of oral candidiasis, the following
preventive measures can be taken: Rinse the mouth and use a spacer
device, administer topical antifungals (eg, nystatin), use sialagogue
medications in patients with the low salivary flow, chew sugarless
gum, gargling with a 1:50 diluted amphotericin solution rather than
just gargling with water (198).

However, although most of the studies described above have
shown a relative frequency of the presence of oropharyngeal Candida
in asthma diagnosed adult and child patients with compared to
healthy subjects (200); There is no proven causal relationship of
disease with this type of microorganism, but there is a higher
susceptibility of people with asthma to the growth of oropharyngeal
candidiasis. In this line, it was recommended that patients who use
inhaled corticosteroids be informed at the start of treatment of the
side effects of these drugs to adjust the dose (201).

8. Physical activity interventions

Physical activity is an important factor for correct development
and correct organism systems. We are animals made by and for
movement, we need movement so that the powerful endocrine organ
that is our skeletal muscle works and can produce the basic cytokines
for the regulation of other organic processes in the rest of the body
systems (202, 203). The endocrine functions of muscle myokines are
the basis for organism regulation and have an important role in
inflammation processes (204). In this line, physical activity is shown
as an important intervention tool in asthma.

Previous studies have reported that low levels of physical activity
are associated with negative health consequences (i.e., poorer
respiratory functioning: lower PEF and FEV1), higher asthma
symptoms, poorer quality of life, a decrease in physical and mental
health, and an increment in the use of health care resources (higher
physician visits and hospital stays) (205-209). Moreover, it has been
reported a link between the risk of asthma prevalence and asthma
severity and physical inactivity (210). For this reason, the inclusion of
physical activity as a non-pharmacological coadjutant treatment is
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well established due to its beneficial impact on patients with asthma
(211). In this way, many guidelines published by international
associations have recommended an increase in physical activity to
provide health benefits for chronic diseases, including asthma (212,
213). Despite the well-established benefits of exercise in patients with
asthma, they are less likely to engage in physical activity than people
without asthma (205). In addition, individuals with asthma prefer to
perform low-intensity exercise than high-intensity activities when
they make physical activity (214).

One possible reason that explains this paradox may be associated
with the fact that exercise can trigger asthma symptoms and
exacerbations leading to an avoidance of physical activity in
individuals with asthma (211, 215). In this way, previous studies
reported an increase in asthma symptoms as a result of exercise in a
range from 40 to 90% in patients with asthma (205, 216, 217).
However, some possible aspects can help the patient to have a balance
between exercise benefits and asthma attacks trigged by exercise. The
education of the patient to choose the types of exercise that are less
likely to cause asthma or the inclusion of warm-up before exercise can
improve the management of asthma attacks associated to
exercise (218).

During the last years, some systematic reviews that analyze the
effect of exercise on asthma symptoms (211, 219-222) have been
published reporting controversial results. Regarding the evidence of
physical activity on lung function parameters, a previous review
reported positive effects of physical training in patients with asthma
but unrelated to effects on lung function (219). However, another
recently systematic review (211) concluded that physical activity is
associated with improvements in lung function (e.g., peak expiratory
flow, forced expiratory volume in the first second of expiration, forced
expiratory flow at 25% of forced vital capacity). In this way, some of
the randomized controlled trial studies in this area (223-227) indicate
that aerobic exercise produces a physiological improvement in lung
functioning and a decrease in asthma exacerbations. The well-known
bronchodilator effect of aerobic exercise associated with lung
expansion (228) produces that this type of exercise was the most
recommended activity in patients with asthma.

The improvement in quality of life in patients with asthma is one
of the goals of any treatment. Most of the experimental studies (229-
232) and systematic reviews (211, 219) that analyze the effect of
aerobic exercise on health-related quality of life outcomes found an
improvement in health-related quality of life. Moreover, other studies
focused on the effect of exercise training on serologic inflammatory
markers. In this way, inflammatory markers are recently considered a
therapy target in patients with asthma because of a relationship
between severe asthma and the values of inflammatory markers such
as IL-6 (233). Remarkably, previous studies found a positive effect of
physical activity on serologic inflammatory markers, decreasing IL-4
and TNF«x (231, 232).

Asthma control is a key component for the patient (234) and it is
usually reported by a questionnaire (i.e., asthma control questionnaire
(ACQ)), the number of asthma exacerbations, using daily diary
symptoms, or the number of reported bronchodilator inhaler use,
among others. Remarkably, regular exercise has also demonstrated its
effectiveness in asthma control. In this way, some studies found an
improvement in ACQ and asthma exacerbations using moderate
aerobic training (232) or high-intensity training (235, 236). Moreover,
previous studies reported a decrease in the number of bronchodilator
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inhaler use (230) and an improvement in the symptoms reported
using a daily diary (237) after aerobic exercise.

Lastly, there is also some evidence that exercise improves other
physiological and psychological variables in individuals with asthma.
Noteworthy, exercise improved autonomic modulation measured by
heart rate variability in patients with asthma. In this way, a relationship
between poorer heart rate variability and mild-moderate diagnosis of
asthma (REF) (238). On the other hand, physical activity is associated
with improvements in mental health (i.e anxiety and depression) in
patients with asthma (205). This fact may be particularly interesting
in this population because anxiety negatively impacts asthma (239).

Regarding the exercise dosage, little is known about the most
efficient training characteristics (volume, intensity, frequency, or
density) to provide health improvements in patients with asthma. In
addition, there is little knowledge about the type of exercise to
recommend to individuals with asthma. Although individualization
training and adherence to the program are key factors to obtaining a
successful exercise therapy, a total of studies which are found health
benefits used aerobic exercise (209, 237, 240-242). In this way, the
existing literature has examined the impact of some modalities of
aerobic training such as walking, stationary cycling, or swimming,
isolated or combined with strength exercises such as calisthenic
exercises or circuit training. This last type of exercise, circuit training,
is an interesting tool to develop cardiorespiratory fitness and strength
concomitantly and is usually effectively applied in some populations
like young and older and chronic disease patients (243-245). On the
other hand, the most common duration of the training session is
30-45 min with a weekly frequency of 2-3 days per week at moderate
intensity (60-70% of maximum oxygen uptake) and lasting from 6 to
12 weeks. In addition, the exercise intervention must be programed
and supervised by health or sports professionals to obtain the maximal
benefit because a previous self-guided intervention demonstrated no
improvement in lung function (246). Despite the limitation of the low
evidence of the optimal exercise dosage which provides the most
benefit to individuals with asthma, it is demonstrated the beneficial
effect of exercise in patients with asthma and the importance of
encouraging them to adhere to exercise programs and to perform
exercise regularly.

9. Physiotherapy interventions

Evidence showed the effectiveness of non-pharmacological
treatment of asthma as a coadjuvant of meditation in individuals with
asthma. These non-medical treatments include the aforementioned
physical therapy and exercise and various physiotherapy techniques
including breathing exercises and inspiratory muscle training, among
others (247, 248). In this way, a reduction of the inflammation of the
airway, an improvement in the patency of the bronchioles, and an
increase in the strength values of the respiratory muscles have been
found after physical therapy treatment in individuals with asthma,
improving their lung function (249).

Remarkably, patients with asthma have abnormal or dysfunctional
breathing patterns (250). Therefore, the target of some breathing
therapies applied is focused on breathing retraining, which is aimed
at reducing hyperventilation and hyperinflation, slowing the
respiratory rate, and prolonging the expiratory phase, and enhancing
abdominal and diaphragmatic breathing, encouraging nasal breathing
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(247). In this way, international guidelines for the physiotherapeutic
management of asthma recommend breathing exercises in individuals
with asthma due to the level of evidence of this therapy to increase
asthma control and the quality of life of the patients (251). Some
techniques, such as the Papworth method, the Buteyko breathing
technique, and Yoga have been demonstrated their effectiveness (252)
to produce the rehabilitation of the breathing pattern, showing an
improvement in quality of life, reducing symptoms, hyperventilation,
anxiety, and depression, lowering the respiratory rate and the use of
medication, but not affection lung function (247).

The most common symptoms in individuals with asthma are
cough, shortness of breathing duration, wheezing, and chest tightness
(169). This chest tightness may be due in part to a dysfunction of the
skeletal muscle of the chest wall and the shoulder girdle, contributing
to the disease manifestations (253). For this reason, the use of manual
therapy for posture correction and muscular function improvement
may improve asthma symptoms. In this way, the application of a
concomitant strength and stretching technique consisting of an
eccentric stretching of the arm, shoulder, and chest while the patient
lying in a supine position (four treatments over 47 + 21 days) promotes
a clinically and statistically significant improvement in the asthma
control (253). However, a previous Cochrane review about the effect
of manual therapy on asthma, including manipulation, mobilization,
massage, chest percussion, shaking, and vibration found no evidence
of effectiveness (254).

The capacity of the respiratory muscle to generate tension in
asthmatic patients is reduced (255). The increase in the cross-sectional
area of the inspiratory muscle could improve the functional weakening
induced by asthma (255). In this way, the inspiratory muscle can
be trained using an external resistive device, in the technique called
Inspiratory muscle training (IMT). This procedure can improve the
endurance and the strength of the inspiratory muscles (diaphragm
and accessory inspiratory muscles) (256). Regarding the evidence
about IMT and respiratory benefits in asthma patients, a previous
Cochrane review (255), limited by the small number of studies, it is
concluded that there is no conclusive evidence in this review to
support or refute inspiratory muscle training for asthma. More
recently, a systematic review and meta-analysis (257) including more
randomized controlled trials (n=6) concluded that IMT may benefit
the treatment of asthma, increasing maximal inspiratory pressure and
decreasing dyspnea perception. In this way, some randomized
controlled trials found that IMT is an effective technique to enhance
respiratory muscle strength, exercise capacity, quality of life, and daily
living activities and reduce the perception of dyspnoea and fatigue in
individuals with asthma 258,259. Notably, treatment dosage is
heterogeneous in the literature. In this way, studies used a frequency
of once or twice daily, five-six days per week, for at least 3 weeks,
performing 30 breaths or 30min of training at 15-60% of the
maximum inspiratory pressure (258-260). Thus, the IMT may
be included in the non-pharmacological treatment in patients with
asthma due to the health benefits demonstrated.

In summary, the evidence of physical therapy for asthma is limited
by the small number of trials. Therefore, the results of some physical
therapies should be used by caution and more well-conducted
randomized controlled trials are needed to determine the level of
evidence of some of these techniques. However, the current evidence
shows that breathing exercises and inspiratory muscle training are
promising techniques to improve asthma symptoms.
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10. Nutritional interventions cause

In recent decades the prevalence of asthma has continued to
increase as Western dietary patterns have taken hold (261). Data
suggest that diets that prioritize plant-based foods and limit
consumption of animal products along with weight control may
mediate cytokine release, free radical damage, and immune responses
in the development and progression of asthma (261). In this context,
the prevalence of asthma has been increasing in parallel with the
westernization of dietary patterns (262). Thus, some authors have
suggested that this westernization of dietary patterns in Latin
American countries could play an important role in increasing the
prevalence of asthma in their citizens (263).

In this regard, it has been shown that a high fat intake and low
fiber intake, a pattern typical of the Western diet, has been associated
with airway inflammation, through an increase in eosinophilia, and a
worsening of lung function, through FEV1, in asthmatic patients
(264). Furthermore, saturated fat intake was positively associated with
a higher percentage of eosinophils in sputum which is correlated with
asthma severity and lung function impairment (265, 266). Likewise,
it has been found that a high-fat diet (> 60%) led to increased airway
hyperresponsiveness through increased cytokine production in the
lung (267). Even an improvement in peak expiratory flow rate has
been observed in 22 children who for 8 weeks did not drink milk or
eggs (268).

Among the foods of animal origin that have been most studied for
asthma are dairy products. Thus, frequent consumption of dairy
products seems to have a positive association with the probability of
developing asthma in children (269). Along these lines, a positive
association has been observed between the consumption of ricotta
cheese and concurrent asthma and low-fat cheese with physician-
diagnosed asthma, and both types of cheese with bronchial
hyperreactivity in children (270).

On the other hand, although the consumption of 475mL of
skimmed or whole milk did not affect FEV1 and forced expiratory
flow at 50% of vital capacity measured every 30min for 3h, whole
milk did cause a progressive deterioration in the capacity for
pulmonary diffusion of carbon monoxide in asthmatic patients (271).
Similarly, acute ingestion of 300 mL of cow’s milk caused 8 of the 20
asthmatic patients studied to perceive asthma symptoms although
dairy products do not have a specific bronchoconstrictor effect in
asthmatic patients, regardless of their perception (272). Finally, 10 g of
powdered whole cow’s milk caused a slight decrease, with little clinical
significance, in FEV1 (3.3%) and FEV1/FVC (2.7%) in 25 adult
patients with asthma (273). In this regard, the use of conventional
spirometry to detect dairy-induced pulmonary changes may lack the
necessary sensitivity (261).

Although the mechanisms by which dairy products may
be involved in the development and progression of asthma are unclear,
the cause is likely related to responses to milk proteins or lipids (271).
In this regard, it is reccommended that saturated fat intake be reduced
to <7-10%. However, it should be well ensured that patients with
asthma do not unnecessarily restrict dairy intake by risking the
development of nutritional deficiencies despite some associations
between milk consumption and some asthma symptoms. To this end,
larger sample studies could better clarify the possible connection
between dairy products and clinical symptoms (261).

On the other hand, diets that prioritize the consumption of fruits
and vegetables and whole grains, as opposed to lower consumption of
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meats and high-fat dairy products, have been associated with a lower
risk of asthma. Thus, a lower probability of asthma diagnosis has been
reported in children who consume large amounts of fruits, vegetables,
legumes, cereals, pasta, rice, and potatoes and little meat (274, 275).

Similarly, Mediterranean-style dietary patterns that prioritize
plant-based products have also been associated with reduced asthma
symptoms in asthmatic children (275-277). Thus, greater adherence
to the Mediterranean diet was associated with greater lung function
and lung function (FEV1 and FVC) (278). Similarly, after a one-year
Mediterranean diet program, the intensity of asthma attacks,
infections, hospital admissions, and medication in asthmatic children
was improved (279). Even the protective effect of the Mediterranean
diet on wheezing in children has been shown (276).

Another type of diet that prioritizes the consumption of fruits,
vegetables, cereals, and legumes and in this case eliminates foods of
animal origin is the vegan diet. In this regard, clinical improvements
in vital capacity, FEV1, and physical work capacity have been observed
after asthmatic patients adopted a vegan diet for 1year (280). These
results together with those shown by the Mediterranean-style diet
suggest that a plant-based diet provides a potential treatment option
for asthmatic patients.

The results of this type of diet indicate that high consumption of
fruits and vegetables was associated with a lower risk of developing
asthma and a lower incidence of wheezing in both children and adults
(281). Likewise, fruits and vegetables seem to make asthma symptoms
more bearable. Thus, it has been shown that long-term fruit intake
(between 2 to 8 years) was inversely associated with asthma symptoms
and with sensitization to inhaled allergens (282). Specifically, the
intake of fruit 3 times per week and vegetables was inversely associated
with asthmatic wheezing and severe asthma symptoms in children
aged 6-7 years. Adolescent and adult patients also experienced similar
protective effects with fruit and vegetable intake (283). In addition,
intake of 5 servings of vegetables and 2 servings of fruit per day for
14 days showed a higher predicted percentage of FEV1 and forced vital
capacity (FVC) than those who consumed a diet with 2 servings of
vegetables and 1 serving of fruit (284).

Although in many cases the studies do not specify whether the
vegetables were raw or cooked, Tikura et al. (285) suggested that the
anti-inflammatory effect of the flavonoids in vegetables is lost upon
heating, which would explain the positive association observed by
these investigators between 5 or more servings per week of raw
vegetables and well-controlled asthma. Similarly, high citrus intake
(>46.3g/d) was associated with a lower risk of asthma symptoms
(286). In this sense, everything seems to indicate that a diet high in
plant foods appears to reduce pro-inflammatory molecules and
increase anti-inflammatory markers (284, 287). In addition, other
nutrients included in these foods such as unsaturated fatty acids and
antioxidants seem to attenuate the condition and inflammation
produced by the systemic inflammatory response (288, 289). However,
controlled studies are needed to further explore the relationship
between dietary patterns and asthma symptoms.

11. Ergogenic interventions
11.1. Dietary antioxidants

As indicated in a previous section, it has been suggested that
antioxidants present in fruits and vegetables may confer a protective
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effect against asthma (290-292). Antioxidants prevent, intercept, and
repair the effects of oxidation and cell damage. Although studies with
antioxidant supplementation are limited, there is sufficient evidence
to consider these nutrients essential in the treatment and prevention
of asthma. Dietary antioxidants include vitamins A, E, and C,
ubiquinone, flavonoids, and selenium (293).

Vitamin A and its precursor, beta-carotene, are known to have
effects on mucosal surface integrity and stability and may enhance
antioxidant defense systems against oxidative stress (294). Other
dietary carotenoids (including a-carotene, b-cryptoxanthin, lutein/
zeaxanthin, and lycopene) are also associated with improvements in
lung function (292). In this regard, improved lung function has been
observed in older women who had higher serum a-carotene and
b-carotene levels (261). On the other hand, a negative association has
been shown between overall dietary vitamin A intake and the odds of
developing asthma and severe asthma, although the results for
wheezing were less consistent (295). In addition, vitamin A intakes in
people with asthma were found to be approximately 50% below the
recommended daily intakes, being lower in people with severe asthma
than in those with less severe asthma. While the results for the
different forms of vitamin A (retinol, a-carotene, total carotenoids,
and carotene) showed no significant differences, there was a trend that
increased serum levels of B-carotene were associated with a reduced
likelihood of asthma (296). Epidemiological evidence suggests that
vitamin A is associated with asthma. Further research is needed to
explain the associations observed using well-designed randomized
controlled trials of vitamin supplementation in asthma.

Vitamin E, composed of tocopherols and tocotrienols, is known
to have several cellular effects such as modulating the synthesis of
pro-inflammatory molecules and the response to oxidative stress
(297). In this line, plasma a-tocopherol is associated with lung function
in patients with and without asthma (298). Similarly, vitamin E
biochemical levels are lower in adults with asthma than in those
without the disease, while higher dietary vitamin E intake is associated
with a lower incidence of asthma (299). On the other hand, A
combination of antioxidant supplements including vitamin E has been
shown to reduce ozone-induced bronchoconstriction in people with
and without diagnosed asthma (261). Therefore, it seems reasonable
to think that vitamin E supplementation, at least in asthma patients
with low serum vitamin E levels, could be an effective
asthma treatment.

Vitamin C in addition to promoting hydration of airway surfaces
acts as a cofactor in several immunomodulatory regulatory enzymes
(300). Vitamin C is also involved in the metabolism of histamine and
prostaglandins, which are involved in bronchoconstriction (301).
Thus, there is strong evidence that, in some conditions, vitamin C can
reduce exercise-induced bronchoconstriction (301, 302). In addition,
studies providing direct information on vitamin C and common cold-
induced asthma (302) have been found to support the hypothesis that
vitamin C may benefit some people suffering from asthma
exacerbation during colds (303). Finally, it should be noted that
although vitamin C may not be effective for patients with permanent
stable asthma, it may have a beneficial effect on lung function in some
asthmatics under certain forms of acute stress, such as when they are
under intense physical activity or suffer from a viral respiratory tract
infection (301, 302, 304, 305). However, there was evidence of an
increased likelihood of asthma associated with lower and average
levels of both serum and vitamin C intake. These findings were
generally supported by findings of wheezing and airway reactivity;
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however, associations with asthma severity were inconclusive (295).
Based on all this evidence, vitamin C should be included in the list of
possible supplements for asthma.

The flavonoids have been recognized as antioxidants and metal
chelators (295). Flavonoids also exhibit anti-inflammatory and anti-
allergic activities (306). Flavonoids may be part of the positive effect
that fruit consumption has on asthma (307). Thus, kaempferol, a
flavonoid found in apples and many berries, has been shown to
alleviate airway inflammation and act as a therapeutic agent for
asthmatics (308) by inhibiting IL-8 and oxidative stress induced by
LPS and H202 in airway epithelial cells (309). Another flavonoid,
quercetin, commonly found in fruits and vegetables, seeds, nuts, tea,
and wine, has strong effects on reactive oxygen species metabolism
and cell apoptosis (310). While no studies with a direct link to asthma
have been located, it has been observed that oral quercetin revived
lung antioxidant defense mechanisms along with restoration of lung
pathology (311) and was able to alleviate radiation-induced oxidative
stress, pneumonitis, and fibrosis (312), as well as LPS-induced lung
injury (313). Considering these pathways, flavonoids may
be therapeutic candidates for asthma, not only for their protective
effects as antioxidants but also for their modulatory effects on cell
signaling cascades related to inflammation and lung pathology (103).

Selenium is a cofactor of the antioxidant enzyme glutathione
peroxidase which prevents lipid peroxidation. In this regard, reduced
glutathione peroxidase activity has been observed in asthmatic
patients together with a lower concentration of selenium in plasma
and whole blood compared to their non-asthmatic counterparts (314).
Thus, studies suggest that the consumption of dietary sources of these
antioxidants may protect against the effects of oxidants and prevent
inflammation (315).

These nutritional antioxidants can be obtained through a plant-
based diet and present a potential method of treating asthma
symptoms but could be used through nutritional supplementation if
their serum and/or nutritional values are not within the
appropriate range.

11.2. Omega-3 polyunsaturated fatty acids

It has been suggested that while some types of polyunsaturated
fats may play a protective role, saturated fats may induce inflammation.
In this respect, it has been suggested that supplementation with
certain types of polyunsaturated fats may be beneficial for the
prevention and/or treatment of asthma.

In this regard, it has been observed that an increase in the
consumption of n-6 polyunsaturated fatty acids (PUFA) together with
a decrease in the consumption of n-3 polyunsaturated fatty acids
(PUFA) led to an increase in childhood asthma (316, 317). One
proposed mechanism for this correlation is that increased
consumption of linoleic acid (n-6 PUFA) increases proinflammatory
mediators through its conversion to arachidonic acid (318-320). In
contrast, n-3 PUFAs inhibit the conversion of linoleic acid to
arachidonic acid, thus bypassing this inflammatory pathway (319).
a-linolenic acid (n-3 PUFA) is converted to eicosapentaenoic acid,
which can competitively inhibit arachidonic acid metabolism and thus
bypass the inflammatory cascade (318). In this regard, it has been
shown that higher n-3 PUFA intake was associated with better asthma
control, lower doses of inhaled corticosteroid medication, and lower
systemic inflammatory markers, suggesting that n-3 PUFA may have
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a role in the treatment of asthma (321). However, intervention studies
are needed to confirm this hypothesis, especially in specific
subpopulations such as obese people with asthma, who may benefit
more from this type of dietary intervention.

Therefore, beyond promoting a higher dietary intake of n-3
PUFAs, which can be obtained from green leafy vegetables, flaxseeds,
and nuts, and reducing the intake of n-6 PUFAs, which are commonly
found in vegetable oils and animal fats, supplementation with n-3
PUFAs could be considered with low plasma levels and/or low intakes
of n-3 PUFAs.

11.3. Vitamin D

The active form of vitamin D [1,25(OH)2 D] plays a key role in
innate and adaptive immunity, and thus may defend against
respiratory infections and inflammatory diseases, including asthma
(322, 323). Thus, vitamin D insufficiency may also stimulate
inflammatory responses to non-pathogenic bacteria in the gut,
thereby mediating asthma and immune function through the role of
vitamin D in the gut microbiome (324).

Epidemiological studies have suggested a relationship between the
prevalence of asthma and vitamin D insufficiency and deficiency in
children, showing that a deficiency or insufficiency of vitamin D was
significantly higher in asthmatic patients than in controls (325). In this
line, vitamin D deficiency was found to be the strongest of the 8
possible predictors of asthma (326). Thus, children with vitamin D
deficiency (< 20ng/mL 25-hydroxyvitamin D) were 5 times more
likely to have asthma, while those who had insufficient levels of
vitamin D (< 30ng/mL 25- hydroxyvitamin D) were 3 times more
likely (327). In addition, vitamin D insufficiency is also related to
asthma severity 126,127 and an increased risk of hospitalization or
emergency room visits (328, 329). In this regard, a meta-analysis
elucidated that vitamin D supplementation played a role in reducing
the rate of asthma exacerbation, particularly in patients with vitamin
D insufficiency. In addition, it also had an improvement in FEV1% in
air-limited patients with vitamin D insufficiency (157). Although
larger, well-designed studies are needed to evaluate the role of vitamin
D in asthma symptomatology and prevention, vitamin D
supplementation represents a potentially low-cost, low-risk
therapeutic option to treat and control asthma.

12. Psychological interventions

Chronic diseases such as asthma produce important emotional
dysregulation in the patients who suffer from it (330). However,
historically, this disease has been treated from a purely physiological
approach, seeking that the patient can control the inflammatory
respiratory symptoms and airway obstruction since it causes great
discomfort and a high deterioration in the quality of life (331).

However, for some years now it has been possible to assess the
presence of other factors that generate great discomfort in patients
with asthma, and among the most important is the symptomatology
associated with mood disorders such as anxiety and depression, whose
prevalence in this population is very high (332). Studies in this line of
work indicate that people with asthma are up to six times more likely
to suffer from mood disorders during their lifetime (333). This can
probably be explained by the high comorbidity of respiratory disease
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and by the high mortality rate, around 10% of patients diagnosed with
chronic asthma (334).

Particularly with this profile, it is important that asthmatic
patients can obtain psychological help that allows them to control the
disease, generate a healthy bond of attachment to the pharmacological
treatment, and adequate emotional strategies to improve the quality
of life from a biopsychosocial perspective (335).

Recent studies confirm the presence of psychological pathologies
that coexist with the chronic and degenerative disease of asthma (336).
Particularly, in those patients with asthma whose control is
complicated. Interestingly, this difficulty in controlling the disease
causes anxious-depressive symptoms which, in turn, trigger more
severe asthmatic crises (334). It should also be taken into consideration
that breathing disorders have an important effect on the psychological
state of the person, as he or she goes through moments in which
difficulty in breathing can lead to thoughts of helplessness, a feeling of
suffocation, and, ultimately, a sensation of imminent death (337).

This feeling, which inevitably produces high tension, causes
anxiety that will activate the sympathetic nervous system, and with it,
the well-known reactions that accompany this activation such as
sweating, increased heart rate, and even pressure in the chest area that
increases the feeling of not being able to breathe (338). But there is also
an excess of cortisol in the prefrontal regions of the brain, which will
prevent proper decision-making, or facilitate the presence of negative
and disorganized thoughts that prevent remaining calm (339).

Psychological factors are an essential part of the genesis and
progression of asthma (340). This can be seen, for example, in hospital
emergency departments, and it has been verified that asthmatic
patients who also have a mood pathology come more frequently to
these departments and present a greater severity in the symptoms of
the disease (341). In addition, it has been observed that asthma
patients with comorbidity with depression have higher rates of sudden
death, which could be explained by greater difficulty in adhering to
pharmacological treatment (342). However, asthmatic patients treated
in mental health services, who follow pharmacological treatment with
tricyclic antidepressants and cognitive-behavioral psychological
therapy, show a notable improvement in asthma symptomatology, a
reduction in the use of inhalers, and a significant improvement in
quality of life (343).

Therefore, in the psychological intervention with asthmatic
patients, it is essential to consider three fundamental aspects that must
be addressed. On the one hand, the emotional component: emotions
will have an impact on the evolution of the disease since negative
emotions such as anger can trigger asthma attacks or re an anxious
state of hyperventilation that favors shortness of breath (344).

Secondly, the cognitive variants: the patient must be able to
identify the signs that will predict the onset of an asthmatic crisis, to
be able to take measures and reverse the process. If the person can
identify the risk factors that are a warning, he/she will be able to train
strategies and skills focused on controlling these aspects (345). This
will lead to a better understanding of the disease and a greater sense
of control on the part of the patient, which will immediately lead to a
better relationship with his disease and will also improve his
relationships with other people (346).

Finally, the behavioral aspects that should be worked on in
psychological therapy include the promotion of positive behaviors of
acceptance of the disease, adherence to treatment, and also favoring
habits such as hobbies, sports, or any activity that can be a way of
dealing with the symptoms of asthma positively and that allows the
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incorporation of tools that help the patient to understand the disease
and the best way to live with it throughout the life cycle (347).

It is also important to consider that asthma often presents
comorbidity with other pathologies such as hypothyroidism, diabetes,
hypertension, or gastritis, among others (348). Suffering from these
diseases may mean that the person will need a therapy that addresses
in detail how they impact day-to-day life, what is the level of discomfort
involved and what is the functionality that the patient can achieve in
the situation in which he/she arrives at the psychologist’s office (349).

With all this, studies have been carried out along the lines of
applying a cognitive behavioral therapy intervention in this type of
patient (350). In these studies, a previous evaluation has been carried
out in which high scores were obtained in anxiety measurement
instruments such as the Hospital Anxiety and Depression Scale
(HADS) and an interview for patients with asthma adapted to include
general patient data (351). A programmed intervention was carried
out that consisted of a total of 8 sessions, from the application of
guided imagery with instructions on the behaviors to be treated, to the
last follow-up and control session (352). After this program, more
than 80% of the treated patients presented lower scores on the anxiety
scales applied at the end of the program (353).

In this line, we found studies with severe asthmatic patients whose
design is based on a non-pharmacological clinical trial whose main
objective is to evaluate the efficacy of the emotional and cognitive
situation of the patients (354). Control groups were used to observe
differences in outcomes (355). Anxiety levels were measured with
STAI-E and STAI-R, depression levels with the BECK Depression
Inventory (BDI) as well as other levels that may impact lung capacity
and alteration of symptom severity, such as hyperventilation syndrome
(356). Significant relationships were found between asthmatic
symptomatology and emotional disorders (357).

Another study by Ciprandi et al., found a relationship between
11% of asthmatic patients with depression and almost 37% with
anxiety, measured with the HADS questionnaire. Another study,
SARP (Severe Asthma Research Population) showed that asthmatic
patients are up to 2.4 more likely to have anxiety, depression, insomnia,
and other symptoms associated with mood disorders (358, 359).
Previous studies shown that high levels of anxiety will favor a worse
control of respiratory functions and worse control of asthmatic
symptomatology (360).

13. Practical applications

As the main practical application of the present study,
we can highlight.

- Excessive hygiene and the absence of germs together with early
vaccinations and increasing levels of contamination facilitate the
early onset of allergies and asthma in children.

- The early exposition to environmental outdoor and indoor
microbiome may play a significant role in asthma pathogenesis
during childhood.

- Specific microbial supplementation in the first year of life for
children could reduce the risk of developing asthma.

- Since stress could be contemplated as an eliciting contributor to
promoting immune system activation and inflammatory
processes, it could be considered an important factor related to a
worse asthmatic prognosis.
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- Metabolic events mediated by the presence of a pro-inflammatory
environment could enhance the development of asthma.

- Taking anti-asthmatic medications, especially in-haled ones, or
both can affect the health of the oral cavity causing a greater
number of inflammatory processes in the body of
asthmatic patients.

- Despite the benefits shown by aerobic training in asthma
treatment, encouraging patients to adhere to exercise programs
and to perform exercise regularly has been proposed as a
key factor.

- Breathing exercises and inspiratory muscle training are promising
techniques to improve asthma symptoms.

- Long-term fruit intake and vegetables (between 2 to 8years, 3
times per week) have been inversely associated with asthma
symptoms development and with sensitization to inhaled allergens.

- Nutritional antioxidants obtained through a plant-based diet
could be used as nutritional supplementation for treating
asthma symptoms.

- Asthmatic patients who follow pharmacological treatment with
tricyclic antidepressants and cognitive-behavioral psychological
therapy, show a notable improvement in asthma symptomatology.

14. Conclusion

Asthma is one of the most common chronic respiratory diseases
worldwide and often begins in childhood but can also develop during
adulthood. Indeed, asthma is the consequence of a complex
interaction between different factors in very specific periods of life. In
this line, early exposure to microbial environments, as well as
microbial diversity in the gut, may reduce the risk of later stages of life
disease due to a strengthened immune system. In addition, stress
episodes or taking inhaled medications can increase the inflammation-
causing shortness of breath, which exacerbates asthma symptoms.
Physical activity has been focused on the benefits that aerobic training
can provide, while physiotherapy interventions recommend breathing
exercises to improve the quality of life of patients. Moreover,
nutritional interventions are targeted on implement diets that
prioritize the consumption of fruits and vegetables and
supplementation with antioxidants. Furthermore, psychological
interventions have been proposed as an essential non-pharmacological
tool to reduce the emotional problems associated with asthma.
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