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asthma; In the assessment of childhood asthma, identifying the risk factors associated with exacerba-
epigenetics; tions and broadening this view to understand psychological stress and its repercussions on the
immune response; inflammatory process of asthma allow a different perspective on this biopsychosocial disease.
lung function; Psychological stress, as a risk factor for the onset and noncontrol of asthma, has been increas-
stress psychological ingly evaluated from the perspective of the repercussions on the body of the stimulus gener-

ated in the hypothalamic-pituitary axis and adrenal glands, with cortisol release and immune
system action. These processes trigger changes in T helper 2 cells, which polarize allergic
processes, and dysfunctions in immune tolerance mechanisms, with a decrease in regulatory
T cells. Genetic and epigenetic changes in B,-adrenergic and glucocorticoid receptors, with
decreased response to these drugs, were also identified in studies, in addition to changes in
respiratory function patterns, with worsening of obstruction and inflammation identified via
decreased forced expiratory volume in one second and increased exhaled inflammatory gases
in allergic asthma. Therefore, the present review sought to identify studies on the effect of
personal and parental acute or chronic psychological stress, emphasizing the repercussions on
genetics, epigenetics, and immune and pulmonary functional and inflammatory responses in
the pediatric population.
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Introduction

The impact of asthma on the pediatric population, which
has shown a growing trend in recent decades in many coun-
tries, has led to many questions and to the identification
of potential risk factors for triggering asthma and clinical
exacerbation." Environmental risk factors, climatic changes,
viral respiratory infections,?* factors related to comorbidi-
ties, such as allergic rhinitis,>¢ behavioral factors identified
by treatment nonadherence, and the psychological prob-
lems represented by, mainly, patient and carer stress are
increasingly characterized as triggers of exacerbations and
reasons for the lack of clinical control of asthma.”®

The association of psychological stress with asthma has
provided a different perspective of a heterogeneous and
multifactorial clinical condition that biomedical assump-
tions solely are not able to explain, address, or manage.
Urie Bronfenbrenner’s Bioecological Theory,” grounded on
the dynamic perspective of the process, person, context,
and time model, allowed to expand the knowledge on the
interactions between individuals and their immediate fam-
ily and social environment, highlighting psychological stress
as a risk factor both for the development and clinical wors-
ening of childhood asthma.'®"

Studies have increasingly shown the influence and par-
ticipation of individual and family psychological stress on
the pathophysiology of asthma.?'* Prenatal maternal stress
was associated with increased production of proinflamma-
tory cytokines detected in the umbilical cord blood, with
repercussions on the fetal lung structure, causing wheez-
ing at 2 years of age."™® Similarly, individual and family
acute postnatal stress seems to influence the patterns of
asthma-related immune responses, resulting in increased
proinflammatory cytokines and clinical worsening, in addi-
tion to altering the response of inhaled corticosteroid and
B,-agonist receptors.™"

Psychological stress, when chronic and sustained,
induces the release of hormones such as cortisol, which in
high doses and for a prolonged time can suppress the T
helper 1 (Th1) cellular immune response and exert a sig-
nificant effect on humoral immunity and its effector mech-
anisms."” Conversely, it is understood that the experience
of psychological stress is, at any stage of life, a condition
inherent to all human beings, but their ability to cope indi-
vidually or through the external support of a carer can
cause repercussions to the body to be attenuated or even
avoided.™

The present review analyzes individual or family psy-
chological stress as a risk factor for asthma exacerbations,
highlighting the repercussions on epigenetics-genetics
and immune and pulmonary functional and inflammatory
responses in the pediatric population. For this purpose,
searches were conducted in the PubMed/MEDLINE, Scopus,
and LILACS electronic databases, with identification of orig-
inal articles, published until September 2021, considered
relevant to support this integrative review. The following
keywords, in English and Spanish, were used: stress, psy-
chological AND asthma; stress, psychological AND epigene-
sis, genetic AND asthma; stress, psychological AND asthma
AND immune; stress, psychological AND asthma AND pul-
monary function; stress, psychological AND asthma AND
airway (resistance, obstruction, impedance, conductance,

response); stress, psychological AND asthma AND airflow;
stress, psychological AND asthma AND respiratory (resis-
tance, pattern). To be included, the articles had to meet
the following criteria: studies focused on human medicine,
which addressed a biological, physiological, and/or patho-
physiological aspect of stress, rather than having a solely
psychological and/or psychosocial approach.

Psychological stress, assessment measures, and
cortisol

The word stress, derived from Latin, was initially used in
the 17th century to mean fatigue, tiredness, a meaning
that is still found in nonacademic circles. Only in the 18th
and 19th centuries did stress appear to be related to terms
such as pressure, exertion, and emotional strain.” In the
twentieth century, in 1936, the Canadian physiologist Hans
Selye introduced the term “stress” in the field of health
to designate the general and nonspecific response of the
organism to a stressor or a stressful adverse event.?

Stress is commonly defined as a condition or state in
which the organism’s homeostasis is disturbed. Selye called
the events that occur in response to the stress condition
“general adaptation syndrome,” which has three import-
ant phases: (1) the alarm phase, in which the organism
perceives the stressful stimulus; (2) the resistance phase,
which consists of the organism’s attempt to adapt to the
stimulus; and (3) the exhaustion phase, when the organism
loses its adaptive ability and is identified as toxic.”

The perception of the stress stimulus in the environ-
ment can produce a variety of emotional, behavioral, and
physiological responses in the individual. This view sup-
ports the understanding that not only the demand caused
by adverse stressful events but also the way each stress-
ful situation is interpreted, experienced, and evaluated
affects an individual. The important results of this process
can be measured through assessment measures that allow
evaluating and measuring the effect of psychological stress
on the individual.??

Assessment measures can be divided into biological
measures, environmental measures (which identify stress
events), and self-perceived stress measures (in which
assessment instruments, in the form of questionnaires val-
idated for different age groups, are used). The biological
measures of stress have been the most advanced in recent
years in the evaluation of the phenomenon, contributing
to the understanding of the functioning of the organism in
the face of adversities, and they can be represented by
biochemical and physiological measures.?

The first biochemical measure identified was the mea-
surement of catecholamines, especially adrenaline and
norepinephrine, which are activated in the early reaction
to stress but have a rapid blood circulation time. Cortisol,
in turn, is considered one of the most sensitive biomark-
ers for the diagnosis of stress, being released in the acute
phase but remaining elevated for longer.?* Because glu-
cocorticoid receptors (GRs) are present in practically all
organs and affect the functioning of the hypothalamic-pi-
tuitary-adrenal (HPA) axis, altering autonomic system and
immunoregulation functions, cortisol is currently the most
frequently measured hormone in studies on stress.??
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Cortisol is secreted intermittently throughout the day
for periods that last only a few minutes, with its highest
levels occurring in the morning and lowest levels at day-
end, and can be measured in plasma, sweat, urine, saliva,
or hair. The biologically active form of cortisol is the free
nonprotein-bound fraction, which represents approxi-
mately 10% of the plasma glucocorticoid level. Of the
molecules bound to proteins (90% inactive form), 95% bind
to transcortin or cortisol-binding globulin, a protein with
low transport capacity and high affinity for cortisol. The
remaining 5% bind to albumin, which, on the contrary, has
high transport capacity and low affinity for cortisol.?

The second type of biological measure of stress is phys-
iological, which is directly linked to the analysis of organ
and tissue functioning, prioritizing the assessment of levels
of wear and/or change in the functional pattern of certain
body systems or structures in the face of stressful events.
When chronic stress occurs, the sum of these changes can
lead to the triggering of a phenomenon called increased
allostatic load, which reflects the impact of the changes
that the body experiences under prolonged exposure to
stress, such as the impact of chronic stress on the struc-
tural conformation of the brain and lung.26?

In parallel to the development of biological and
environmental measures, innovations in self-percep-
tion instruments, through the mapping of stressors and
self-measurement, have become alternative and easier
ways to measure stress in clinical research.?

In studies evaluating psychological stress in the pedi-
atric population, it is important to identify the impact of
the stressful event in terms of intensity and time; in terms
of the impact of stress perception and condition on the
child’s intellectual, emotional, and affective development;
and in terms of the availability and perception ability of
adults to serve as protectors, supporters, and to help the
child understand and cope with stress.? It should thus
be considered that the variety of responses to stress is
mainly related to a complex and entangled network of fac-
tors associated with child development, a child’s personal
relationship with a close adult, and their family and social
contexts.?%30

Cortisol and the immune system

The brain is the main organ involved in the response
and adaptation to stress, as it recognizes threats and
determines the necessary behavioral and physiological
responses. Through the senses, especially touch, hearing,
and vision, stressful events in the individual’s environment
are perceived, and these stimuli are connected to the emo-
tional centers of the brain.*

The prefrontal cortex (PFC), in addition to the hippo-
campus and amygdala, plays an important role in regulat-
ing the stress response, and there is evidence that the left
and right cerebral hemispheres perform different functions
in terms of behavioral, neuroendocrine, and autonomic
responses to stress stimuli, depending on the severity and
duration of the stressful event. Different groups of neurons
in the PFC are stimulated heterogeneously as the individ-
ual perceives stressful life events. At this time, signals are
emitted to the limbic system, which is composed of the

thalamus and hypothalamus, activating the sympathetic
autonomic nervous system (SANS) and the HPA axis.?

The activation of the HPA axis begins through nerve
impulses originating from stress that are transmitted from
the cortex to the hypothalamus. In the hypothalamus,
more precisely in the locus coeruleus and paraventricular
nucleus, sensory signals are processed, which induce the
release of corticotropic-releasing hormone (CRH), which
passes through the hypothalamic-pituitary portal system,
reaching the anterior pituitary. At this site, CRH stimulates
the secretion of adrenocorticotropic hormone (ACTH),
which reaches the adrenal cortex via the bloodstream and
induces the secretion of glucocorticoids such as cortisol
(Figure 1).3

Glucocorticoids (GCs), along with mineralocorticoids
and some sex steroids, are produced in the adrenal cor-
tex, with the main endogenous glucocorticoid being cor-
tisol. Cortisol is synthesized in the cortex zona fasciculata
and requires cholesterol for its synthesis, which is trans-
ported to the inner mitochondrial membrane through a
steroidogenic regulatory protein.3'

Free cortisol has the ability to enter the target cells
directly without requiring active transport. In the cyto-
sol, cortisol binds to and activates GRs, which leads to the
dissociation of heat shock proteins, allowing cortisol-GR
dimerization. These dimers undergo translocation to the
cell nucleus, where they activate glucocorticoid response
elements in the DNA sequence, stimulating the transcrip-
tion of genes regulated by glucocorticoids.?'

Once cortisol exerts its activity in target cells, it is
inactivated to cortisone by the microsomal enzyme 113-hy-
droxysteroid dehydrogenase type 2, especially in the kid-
ney and also in the colon and other tissues. It is important
to note that cortisone also exerts glucocorticoid activity,
which is, however, weaker than that of cortisol.'

Studies with animal models have shown that in stress
phases, the released cortisol has the potential to bind to
the GRs of dendritic cells of the respiratory epithelium
of murines and promote increased release of interleukin
(IL)-4, polarizing the differentiation of naive T helper cells
into Th2 cells, in addition to decreasing the concentration
of CD4*FOXP3* Treg cells in bronchial lymph nodes. In the
other field of action, the spleen, there was a shift of the
Th1/Th2 balance towards the Th2 responses caused by
exposure to stress in mice, mainly due to the decreased
expression of IFN-y by elevated cortisol.3234

Immunological changes were observed in individuals
who were under acute and chronic influence of stressful
events. Patients with posttraumatic stress disorder (PTSD)
showed a significant reduction in Treg cells, both in periph-
eral lymph nodes and in peripheral blood mononuclear cells
(PBMCs).*>% Increased cortisol levels during psychological
stress resulted in the activation of nuclear transcription
factor kappa B (NF-kB), a protein complex involved in con-
trolling the expression of several genes linked to proinflam-
matory responses.3?

Acute and chronic stressors also have the ability to
alter mRNA expression for GRs. In T lymphocytes, GRs play
a key role in regulating the expression of IL-4, IL-5, and
IL-13 after exposure to allergens. Similarly, in mast cells,
the expression and binding of these receptors can inhibit
the release of histamine and other allergic mediators, and
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Stimulation of the HPA axis with release of adrenocorticotropic hormone (ACTH) by the pituitary gland and release

of cortisol through the adrenal cortex. A model of interaction of cortisol with the various lymphoid and respiratory epithelium

tissues, through GRs, and alterations of Th1, Th2, and Treg cells.

decrease eosinophil recruitment and activation. Therefore,
changes in GRs may lead to increased expression of allergic
inflammation in asthmatic patients.®

In general, changes in circulating cortisol levels are
associated with an imbalance in the pattern of cytokines
produced. Cortisol acting on specific immune cells gen-
erally induces suppression of the Th1 cellular immune
response, exerting a significant effect on Th2 humoral
immunity, with increased production of IL-4, IL-5, and IL-13,
and activation of the significant immune response of aller-
gic asthma.*

Psychological stress and asthma:
genetic and epigenetic aspects

Interestingly, it has been observed that the effects of psy-
chological stress on the human body promote changes not
only in immune responses but also in epigenetics-genetics
and in the response to bronchodilators and corticosteroids
used in the treatment of asthma.*

There is an understanding that acute, positive, or tol-
erable stress does not produce long-term repercussions in
the body, but when stress is chronic, it can harm the body.
Chronic psychological stress can cause a counterregulatory
response in lymphocyte stimulation with consequent neg-
ative regulation of the expression and/or function of GRs,
leading to functional resistance to steroids.”* There is
also evidence that psychosocial stress stimulates the pro-
duction of proinflammatory cytokines in the absence of
infection or injury. Table 1 describes the main studies in
the pediatric population that showed the repercussions of
psychological stress on genetics and epigenetics, and the

changes to the receptors of the main drugs used in the
treatment of asthma.®444

Genetic changes can be demonstrated through the
nucleotide polymorphisms of enzymes, such as adenylate
cyclase, responsible for the conversion of adenosine tri-
phosphate (ATP) into cyclic adenosine 3’,5-monophos-
phate (cAMP), which promotes the relaxation of airway
smooth muscles and inhibits the release of bronchocon-
strictor mediators by mast cells.”® Alterations can also be
found in the receptors of B,-adrenergics and glucocorti-
coids used in the treatment of acute and chronic asthma
exacerbations.*

Genetic and epigenetic variations in neurological
receptors (ADCYAP1R1 and CRHR1), which regulate cor-
tisol production in the fetus, were also associated with
transplacental passage of high cortisol levels to the fetus
in pregnant women who were under acute and chronic
stress.®

p,-adrenergic receptors (8,ARs) and GRs are the start-
ing points for a series of signaling pathways that regulate
airway responsiveness and inflammation. In the airways,
B,AR activation facilitates bronchial relaxation by smooth
muscle cells. In T lymphocytes, ,ARs and GRs play import-
ant roles in regulating the expression of IL-4, IL-5, and IL-13
after allergen exposure. Thus, as changes in the mRNA of
B,ARs and GRs are observed, with decreased cell expres-
sion, children with asthma may become more vulnerable
to airway inflammation and bronchoconstriction after
exposure to allergic triggers. In addition to these direct
influences on the airways and immune function, negative
regulation related to cortisol may decrease the sensitivity
to B,-agonists and glucocorticoids, which are essential for
effective asthma management.*448
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Table 1 Repercussions of psychological stress on the genetics and epigenetics of asthma in the pediatric population.
Population
Study/year Country Study population age Main findings
Miller and Canada 77 children (59% male) Children and Acute and chronic stress was associated with
Chen, 2006* with and without adolescents a 9.5-fold reduced mRNA expression for
asthma. aged 9-18 the B,-adrenergic receptor and 5.5-fold
years. reduced expression for the glucocorticoid
receptor in children with asthma.
Tsartsali et al., Greece 62 Greek children (43 Children and Single nucleotide polymorphisms
20128 boys) with asthma adolescents (SNPs) rs1876828 and rs242941 in the
receiving inhaled aged 5-12 corticotropin-releasing hormone receptor
corticosteroids. years. 1 (CRHR1) gene, T(-2C) in the promoter
region of the melanocortin receptor 2
(MC2R) gene, and Bcl | restriction fragment
length polymorphism in the glucocorticoid
receptor (GR) gene were associated with
increased baseline cortisol levels and
cortisol response in stressful situations.
Chen et al., USA 516 Puerto Rican children Children and Genetic variation in the promoter of the
20134 with asthma often adolescents gene
exposed to stressful aged 6-14 for the receptor for adenylate-cyclase
events. years. activating polypeptide 1 (ADCYAP1R1).
DNA methylation and single nucleotide
polymorphism (SNP) in the C allele in
ADCYAP1R1 were associated with asthma
risk in children exposed to stressful events.
Ortega et al., USA 329 adolescents, from Adolescents Genetic analysis revealed a significant
20134 the 475 African- aged over difference in the distribution of genotypes
Americans selected 16 years. among the four clusters for rs4950928, a
for the study, reported SNP located in the CHI3L1 promoter region,
stress as the main the chitinase 3-like 1 gene encoding YKL-
cause of exacerbations 40, was observed in the context of stress
and presented with and asthma severity.
more severe asthma.
Trump et al., Germany 443 mother-child pairs, Children aged Both mothers and children showed changes in
20164 a subset of the up to 5 DNA methylation due to stress. In children,
prospective mother- years. methylation was observed in the gene of

child cohort LINA.

neuromedin U receptor 1 (NMUR1), a GPCR
known to be involved in hypothalamic-
pituitary-adrenal axis (HPA) response.

Abusive and unstable family relationships have the
potential to trigger psychological stress between carers
and children in the home environment. In this regard,
the results from recent studies have shown that parental
stress is prospectively associated with wheezing in child-
hood and that the onset of childhood asthma is more com-
mon in families with parents who have difficulty managing
stress.**5%%" |n addition, there is growing evidence that
stressors outside the family environment, such as expo-
sure to violence in the community, are associated with a
higher frequency of symptoms in children with asthma.
Collectively, these findings suggest that in children and
adolescents with asthma, the quality of life at home and
family and community relationships are important deter-
minants of health and well-being and seem to have stron-
ger effects than other domains of life, such as academic
ones."

Another important aspect is that acute stressful events
alone do not influence gene expression, but when they
are added to a chronic stressful event, the strength of this
association bolsters changes. Patients under psychologi-
cal stress may have difficulty accurately assessing asthma
symptoms and detecting clinical worsening. In addition,
an individual may have health expectations and interpre-
tations altered by stress, thus affecting the perception
related to medication adherence and treatment self-man-
agement, resulting in noncontrol of asthma.>?

Epigenetic disturbances in DNA methylation caused by
stress are nonrandom and preferentially occur in potenti-
ating elements that regulate more than one gene in the
genome, which may contribute to the broad ramifica-
tions for child health also attributed to prenatal maternal
stress.” A meta-analysis published by Flanigan et al. exam-
ined the impact of the type of stressor and the exposure
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time during pregnancy. The analysis found an association
between any psychological stress that occurred during
prenatal care and increased persistent wheezing and
current asthma in children. When considering the time
of exposure to any stress, only the stress assessed in the
third trimester was significantly associated with current
asthma, while the assessment of stress indicators in the
second trimester was significantly associated with wheez-
ing in childhood.33

The role of the placenta also deserves special attention
in future studies relating psychological stress and asthma.
The traffic of information between the fetal and placental
compartments is necessary for normal fetal development.
Changes induced by the environment in these signaling net-
works may negatively influence development, impacting
pulmonary organogenesis and programming future respi-
ratory diseases. Although the mechanisms are complex
and not fully understood, the functioning of the maternal
and fetal HPA axis and cortisol production plays important
roles. Maternal stress impairs the physiological regulation
of the placenta upon exposure to fetal cortisol. For exam-
ple, chronic maternal stress has been shown to decrease
the regulation of placental 11-B-hydroxysteroid dehydroge-
nase type 2 (11p-HSD2), increase fetal exposure to cortisol,
alter the fetal HPA axis development, and increase fetal
cortisol.">*

Psychological stress and immunological responses
in asthma

Cortisol alters innate and adaptive immune responses in
asthma, modifies the action of natural killer cells and the
proliferation of T cells, promotes higher expression of the
IL-2 receptor, and alters the production of interferon IFN-y
and the expression of |IL-12. By suppressing immunity medi-
ated by Th1 cells and cytokines, such as IL-12 and IFN-y,
psychological stress can alter the immune response toward
a Th2 phenotype, which can aggravate and intensify airway
inflammation after exposure to any inhaled antigen.* Some
studies have shown, both by the causal direction and by the
temporal order of events, that when asthmatic patients are
exposed to stressful events, such as participating in aca-
demic challenges, or living chronically in a low socioeco-
nomic status (SES) environment, or with family members
under chronic stress, they have higher serum eosinophil
counts, a higher number of Th2 lymphocytes in response
to allergic triggers, and increased in vitro production of
cytokines identified in asthma, such as IL-4, IL-5, and IL-13.
Stressful events also accentuate the airway inflammatory
response to allergen challenges (Table 2).56-¢3

In the study by Marin et al., the production of inflam-
matory cytokines was evaluated among asthmatic individu-
als living in a family environment under chronic stress who
experienced acute stressful life events. The results indi-
cated that the increase in IL-4 and IL-5 production, caused
by psychological stress, was associated with symptom
exacerbation and clinical worsening of asthma.>'

Inflammatory responses in allergic asthma are mostly
caused by eosinophil infiltration and increased IgE pro-
duction by stimulation of IL-4, IL-5, and IL-13 of the Th2
response pattern. In turn, regulatory T cells, which play

a crucial role in the balance of this immune network by
suppressing or limiting immune responses and promoting
immune tolerance, appear to be impaired in prolonged
periods of psychological stress, favoring imbalance and the
potentiation of clinical manifestations of asthma.®*

Some studies have shown that the number of Treg cells
in the peripheral blood of patients with PTSD is signifi-
cantly lower than that in non-PTSD subjects. It was also
observed that an acute stressful event decreased the num-
ber of CD4‘FOXP3* Treg cells in human peripheral blood,
which may lead to an imbalance in immune tolerance.
Allergic manifestations and those of diseases related to
immune disorders are more frequently observed in situa-
tions where immunological tolerance is lost.3"3

It is important to note that studies conducted in the
pediatric population showed a higher expression of Th2-
pattern cytokines, in addition to the release of higher
serum levels of IgE and eosinophil cationic protein in the
group of patients with asthma who were under the stimu-
lus of negative emotions or situations of personal or paren-
tal stress.385961,62

Psychological stress: pulmonary function and
inflammation in asthma

Over time, studies have increasingly shown the repercus-
sions of psychological stress on lung inflammation and
function, with a significant decrease in forced expiratory
volume in one second (FEV,) and forced vital capacity
(FVC), in addition to changes in the fraction of exhaled
nitric oxide (FeNO) (Table 3).6574

An early study from 1973, which identified the physio-
logical response of the lung in asthmatic children subjected
to stressful life events, showed the involvement of the
autonomic nervous system with negative emotions, leading
to autonomic imbalance in asthma.®

Stressful events in the lives of asthmatic children, espe-
cially when combined with low SES, occurrence of school
difficulties, alcoholism and mental illness in the family,
increased the likelihood of new asthma exacerbations.*®!
Subjects experiencing chronic stress are often exposed to
risk factors that lead to worse asthma control, including
poverty, smoking, passive smoking, internal and external
pollutants, limited access to health care or medications,
reduced adherence to control medications, and a lack of
care for physical well-being, affecting lung function and
inflammation.®*

Treatment adherence, highly necessary in chronic dis-
eases such as asthma, is often hindered by exposure to
psychological stress that carers or patients experience, in
addition to the financial difficulties arising not only from
the need for medication but also from the cost of reor-
ganizing the domestic environment to reduce exposure to
factors that can trigger crises.”

This review identifies some strengths and limitations
that can be clarified with further studies. First, some of
the limitations of review studies are that some research
protocols and methods were not well described or outlined,
and some studies may have been excluded because they
are considered ineligible. Second, although not fully con-
sidered a limitation, by emphasizing only aspects related
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Table 2 Repercussions of psychological stress on the immune system in the pediatric population.

Study/year Country Study population Population age Main findings
Kang et al., USA 35 asthmatic and 29 healthy Adolescents aged  Academic tests resulted in a significant
1996°¢ adolescents were subjected 14-18 years decrease in the cytolytic activity of
to stress from academic natural killer (NK) cells. During the
tests. final examination week, the number of
CD56+ cells increased and of CD16+ cells
remained similar to baseline values. There
was a general increase in the CD4+/CD8+
ratio during and after the tests.
Kang et al., USA 21 asthmatic and 13 healthy Adolescents aged  The cells of asthmatic individuals released
199724 adolescents subjected to 14-18 years significantly more serum IL-4 and IL-5
stressful life events were during and after the school exam period.
evaluated throughout the
school year.
Chen et al., USA 30 adolescents with persistent  Adolescents aged  Adolescents with low SES had significantly
2003% asthma were evaluated 13-18 years higher IL-5 and IFN-vy levels, in addition to
for the influence of lower morning cortisol values, compared
socioeconomic status (SES) to the high SES group.
and stressful life events.
Wright et al., USA 499 children with a history Children in early Increased carer psychological stress was
2004° of family members with childhood, associated with an early immune response
asthma/allergies and under aged 18-32 to Der f 1 and Bla g 2 in the first 6 months
psychological stress. months after birth. Higher stress between the
ages of 6 and 18 months was associated
with a high total IgE level and increased
TNF-o production.
Chen et al., Canada 37 children and adolescents Children and Children with asthma and lower SES
2006¢° with asthma and 39 healthy adolescents and greater exposure to stressful life
ones were evaluated for SES aged 9-18 years events were associated with increased
and stressful life events. production of IL-5 and IL-13 and increased
eosinophils.
Wolf et al., Canada 50 children with asthma and Children and Asthmatic children living in an environment
2008°¢ 33 healthy children. adolescents with parental stress had increased serum
aged 9-18 years IL-4 and eosinophil cationic protein (ECP).
Marin et al., Canada 71 children with asthma and Children and Children with chronic family stress showed
2009¢%2 76 healthy children exposed adolescents increased production of IL-4, IL-5, and
to acute and chronic aged 9-18 years IFN-y.
stressful events.
Miller et al., Canada 67 children with asthma and Children and Children were more resistant to
2009% 76 healthy children. adolescents hydrocortisone’s anti-inflammatory effects

aged 9-18 years

on IL-5 and IFN-y production and had
higher eosinophil and ECP levels. These
associations were independent of SES,
exposure to cigarettes, disease severity,
and use of medications.

to psychological stress, studies that reported anxiety and
depression were not included, which however allowed a
detailed and exclusive view of the repercussions of psycho-
logical stress on asthma.

Despite these limitations, this review has a number of
important strengths. It specifically addresses the reper-
cussions of psychological stress on asthma, presenting
epigenetic-genetic, immunological, and pulmonary func-
tion changes in a pediatric population. Finally, this review
examined a variety of physiological responses relevant
to stress in asthma, including HPA axis responses in the

respiratory tract, for both active and passive stressors,
which allows us to conclude on the different pathways by
which psychological stress affects asthma.

Conclusions

The repercussions of psychological stress found in this
review underscore the impact of emotional factors on the
daily lives of children and adolescents with asthma, high-
lighting the genetic and epigenetic changes modifying,
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Table 3 Effects of psychological stress on pulmonary function and inflammation in asthma in the pediatric population.

Study/year Country Study population Population age Main findings
Miklich et al., USA 29 asthmatic adolescents were  Adolescents There was no significant difference
1973% divided into three groups aged 11-16 in peak expiratory flow rate (PEFR)
receiving mild, strong, and years. values between the groups; on the
no emotional interventions. contrary, there was continuous
shortening of the inspiration
phases during strong emotional
interventions.
Hollaender and Germany 14 asthmatic children and Children and The PEFR of asthmatic children was
Florin, 1982¢ 14 healthy children were adolescents significantly reduced in the course
evaluated after stressful aged 9-11 of a frustrating situation and in
situations. years. negative emotions compared to the
control group.
Florin et al., Germany 18 children with asthma and Children and There was a significant decrease in
1985% 18 healthy children were adolescents pre- and post-bronchodilator FEV, in
evaluated in terms of forced aged 7-12 the group of asthmatic children.
expiratory volume in one years.
second (FEV,) pre- and post-
test, after emotional stimuli.
Rietveld et al., Netherlands 30 adolescents with asthma Adolescents Shortness of breath was greater in the
1999¢8 and 20 normal controls aged 14-19 asthmatic group, but there was no
were evaluated for FEV, and years. significant difference in FEV, or FVC
forced vital capacity (FVC) between the groups.
after stressful stimuli.
McQuaid et al., USA 114 children with asthma and Children and The entire sample showed a trend
2000¢° 30 healthy controls were adolescents toward increased airway resistance
subjected to stressful tasks aged 9-15 in response to stress and a portion
and evaluated for airway years. of asthmatic patients (22%) had
resistance. an increase of more than 20% in
baseline airway resistance.
Levy et al., USA 78 asthmatic children and Children and 49 children who underwent spirometry
20047 adolescents were evaluated adolescents had a mean FEV, of 88% (median of
for allergies and pulmonary aged 4-17 88%, standard deviation of 15%), and
function, under stressful years. 29% of the children had FEV, lower
conditions, in different than 80% of the predicted value,
neighborhoods of the same although the values were not lower
city. than 60% of the predicted value.
Chen et al., Canada 38 asthmatic adolescents and Adolescents For asthmatic adolescents, there was
20107 23 healthy controls were aged 10-20 an inverse association of SES with
evaluated regarding the years. changes in FeNO levels in response
fraction of exhaled nitric to the conflict task, which means
oxide (FeNO) levels and that as the SES decreased, greater
pulmonary function after increases in FeNO were observed.
stressful conflicts with No changes in FEV, were found in
parents. response to the conflict task.
Islam et al., USA 173 asthmatic adolescents Adolescents Among asthmatic adolescents from
201172 from eight communities in aged 10-18 high-stress families, there were
Southern California were years. deficits in FEV, and FVC, and they
selected to reflect a broad were associated with increased
range of exposure to air total oxides of nitrogen (Nox) in
pollutants and assess lung homes and schools. These pollutant
function and interaction effects were significantly larger
with parental stress. in the high-stress compared with
lower-stress households
Ritz et al., 20147>  USA 39 asthmatic adolescents and Adolescents Increases in FeNO levels were

41 healthy controls were
evaluated for FeNO levels
and pulmonary function
after stressful situations.

older than
14 years.

associated with stressful
experiences in asthmatic
adolescents, but there was no
significant difference in FEV,.
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Study/year Country Study population Population age Main findings
Brehm et al., Puerto Rico 234 asthmatic patients in Children and Puerto Rican asthmatic children
20154 three cohorts subjected to adolescents and adolescents, who were highly
stressful life events. aged 6-14 stressed and whose mothers had a
years high level of stress, had a reduction
in FEV,, even after bronchodilator
administration.
Landeo-Gutierrez  Puerto Rico 678 children and adolescents Children and The effects of pollutants on lung
et al., 2020™ were evaluated regarding adolescents function were significantly higher
psychosocial stress at home aged 6 to 14 among children from high-stress
and exposure to pollutants years compared to low-stress families,

(e.g., nitric oxide, nitrogen
dioxide, total nitrogen
oxides) and lung function.

after correcting for socioeconomic
factors. Children who experienced
a high level of stress had lower FEV,
and FVC in relation to increased
environmental exposure to nitric
oxide.

especially, the f,-adrenergic and GRs and Th2/Th1 and
Treg cytokine patterns, in addition to the important reper-
cussions on lung inflammation and function, with reduced
FEV, and increased FeNO.

Future studies would benefit from a prospective design
for evaluating the causal relationships between exposure
to psychological stress, hormonal dynamics of the HPA axis,
and evaluation of airway cytokines in the pediatric popula-
tion, following the example of animal studies. Experiencing
an acute stressful life event, in addition to chronic stress, is
predictive of harmful inflammatory responses that suggest
that psychosocial interventions may have important biolog-
ical implications for children and adolescents with asthma.

The child must be viewed in a complete and integrated
way to the environment, to the family and to the historical
moment in which she lives, with the psyche being the orga-
nizing core of these different aspects. Improving our under-
standing of which phases of psychological stress (alert,
resistance, or exhaustion) are associated with the lack of
clinical control of asthma and which phenotypes and endo-
types of asthma may have greater repercussions shows the
complexity of this topic in the approach and management
of stress in the pediatric population. It is important to note
that effective intervention measures, such as providing
referrals to social workers or mental health professionals
when appropriate, in addition to public health policies, are
necessary to reduce the impact of stressful events on the
lives of children and adolescents with asthma.
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