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Chronic stress and asthma in adolescents
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Abstract

Objective: To first review and critically discuss published evidence on psychosocial stressors,
stress, and asthma in adolescents, and then discuss potential future directions in this field.

Data Sources: National Library of Medicine (Pubmed).

Study Selections: A literature search was conducted for human studies on stressors or stress
and asthma between 2000 and 2020. Studies that were published in English, contained a full text,
and included adolescents were considered for inclusion in this review.

Results: Compared with the available body of evidence in children and adults, relatively few
studies have published in adolescents. Current evidence suggests that exposure to stressors (at the
individual, family, and community levels) or stress (acute and chronic) are associated with asthma
and worse asthma outcomes, but such evidence must be cautiously interpreted due to limitations in
the design or analytical approach of published studies.

Conclusion: Future large studies with a prospective design should determine whether and how
stressors or stress cause or worsen asthma in adolescents. At present, clinicians should assess
exposure to stressors (e.g., violence or abuse) and screen for anxiety and depressive disorders
when caring for adolescents with asthma, providing referrals to social workers or mental health
professionals when appropriate. Public health policies are needed to reduce psychosocial stressors
such as gun violence and racism in adolescents.
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INTRODUCTION

Asthma is the most common chronic disease in children and adolescents. In the United
States, the estimated prevalence of asthma is higher in adolescents aged 12 to 17 years
(9.9%) than in younger children (3.8% to 8.1%) or adults (7.6%) (1). Adolescents with
asthma account for a substantial proportion of emergency department (ED) visits (2) and
school absences among youth with asthma (3).

Adolescence is a challenging life stage because of the occurrence of physical and
psychological changes in a short period of time (4). Adolescents start to develop autonomy
and personal decision-making (5), while seeking independence from their parents and
strengthening relationships with their peers (6). Cognitively, adolescents move from concrete
thinking to abstract, multidimensional, hypothetical and planned thinking (7). All these
changes make handling a chronic disease like asthma a challenge, as evidenced by their poor
understanding of the disease and poor adherence to treatment (8-11). Moreover, adolescents
start facing or perceiving an increased amount of stressors that may be prove difficult to
handle (12).

Psychosocial stressors include poverty, exposure to violence, racism and discrimination.
Such stressors can affect adolescents at the individual, family, and community levels.
Stressors may be acute, when they are time limited or transient, or chronic, when they
cannot be resolved and pervade an individual’s life leading to changes in identity or social
roles (13). Both psychosocial stressors and (acute severe or chronic) stress have been
associated with increased asthma prevalence and worse asthma outcomes in multiple studies
in children and adults (14), with fewer studies focusing on the vulnerable adolescent
population. The mechanisms underlying the link between stressors or stress and asthma are
insufficiently understood but likely include direct and indirect effects (14). Stress may
directly affect epigenetic regulation of gene expression, immune responses, and the
neuroendocrine, autonomic and immune systems (15, 16). For example, acute stress can
activate the hypothalamic-pituitary-adrenocortical (HPA) axis and sympathetic and
adrenomedullary systems, disrupting their normal balance and increasing the circulating
levels of cortisol, epinephrine and norepinephrine, which can have anti-inflammatory and
bronchodilator effects (17). However, after prolonged or chronic exposure to stress, the
effector receptors can be downregulated and an imbalance between glucocorticoids and
catecholamines can take place, establishing a pro-inflammatory environment with a
hyporesponsive HPA axis (16, 18) and reduced response to therapies such as short-acting
bronchodilators (16, 19, 20) (see Figure 1). Chronic stress may thus enhance airway
inflammation in response to environmental and infectious exposures, leading to asthma
exacerbations (16, 21, 22).

Stress or stressors could also affect asthma through indirect mechanisms, including tobacco
use, overweight or obesity due a poor diet and limited physical activity, and reduced
adherence to treatment (see Figure 1). Moreover, stress or stressors may interact with other
risk factors for asthma, such as indoor and outdoor pollutants. A more detailed discussion of
the possible direct and indirect mechanisms underlying the link between stress and asthma is
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beyond the scope of this manuscript, and thus the reader is referred to recent reviews of that
topic (14-16, 23).

In this review, we will first summarize and critically review the available epidemiologic
evidence on psychosocial stressors and stress on asthma in adolescents, focusing on stressors
at the individual, family and community levels (see Figure 2). We will then discuss what is
needed to advance our knowledge of whether and how stressors or stress affect asthma
during adolescence.

PSYCHOSOCIAL STRESSORS, STRESS, AND ASTHMA

Individual-level stressors

Adolescents are often exposed to stressful situations. A prospective study assessed stressful
life events between ages 15 and 16 years and both asthma at age 16 years and incident
asthma (between ages 18 and 29 years) in 318 (25.5%) of 1,246 subjects enrolled in a birth
cohort study (24). Among 16-year-old adolescents without a diagnosis of asthma, males who
had been highly exposed to stressful life events in the prior year had higher odds of having
concurrent asthma at age 16 years than those who were not highly exposed (odds ratio
[OR]=3.26, 95% confidence interval [CI]=0.88 to 12.15), and this association was
essentially unchanged after adjustment for emotional support (24). Similar but non-
significant results were obtained for high exposure to stressful life events and incident
asthma between ages 18 and 29 years in males. Although promising, those findings must be
cautiously interpreted due to potential selection bias, no evidence of a significant interaction
between sex and life events on incident asthma, and limited statistical power.

In adolescents with asthma, perceived stress has been associated with asthma symptoms. A
prospective study of 20 low-income Hispanic adolescents with asthma utilized a real-time
data capturing strategy via smartphone to survey asthma symptoms in children at set
intervals during the day and after inhaler use (25). In that study, stressful situations such as
disagreements with parents, teasing, or arguing was associated with worsening asthma
symptoms in the hours following the stressful events. Moreover, more severe asthma
symptoms were reported by the participants when they were outdoors, perhaps due to
exposure to pollutants. Similar findings were reported in a study of 61 children ages 10 to 20
years (38 of whom had asthma), which showed that fractional exhaled nitric oxide (FeNO)
increased ~45 minutes after an acute stressor (a family conflict discussion), but only in
children with asthma and low socioeconomic status (SES) (26). In that study, the acute
stressor was not significantly associated with pulmonary function. In a separate cross-
sectional study of 806 children and adults with asthma, 510 (63.3%) reported having at least
one non-respiratory symptom (most commonly, anxiety, headache, and palpitations)
preceding an asthma attack, particularly among those with moderate to severe asthma (27).
Although the studies discussed above were limited by cross-sectional design (26, 27), small
sample size (25, 26), or lack of adjustment for confounders such as pollutants (25, 27), the
notion that repeated acute stressful situations may exacerbate airway inflammation and
trigger asthma symptoms deserves further investigation.
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Chronic stress may also worsen asthma by reducing response to short-acting
bronchodilators. In a cross-sectional study of three ethnically diverse cohorts of children and
adolescents, high levels of chronic stress were significantly associated with reduced
bronchodilator response (BDR) (20). In that study, a meta-analysis of genotypic data from
2,741 children and adolescents with asthma from seven different cohorts showed that a
single nucleotide polymorphism (rs34548976) in the gene for adenylate cyclase activating
polypeptide 1 receptor type 1 (ADCYAPIRI) was associated with reduced BDR (20). Ina
cohort of Puerto Rican children and adolescents, SNP rs34548976 was shown to be
associated with reduced BDR only in subjects with high levels of chronic stress, but this
SNP-by-stress interaction could not be replicated in other cohorts, as they had no data on
chronic stress. Of note, SNP rs34548976 was also associated with reduced expression of the
gene for the B,-adrenergic receptor (ADRB2) in CD4* lymphocytes from children and
adults with asthma. Taken together, those results suggest that chronic stress could lead to
down-regulation of ADRBZthrough persistent secretion of catecholamines in genetically
susceptible individuals. Although promising, those findings need to be examined in future
prospective studies.

Exposure to violence can lead to both acute and chronic stress in adolescents. In a cross
sectional study of Puerto Ricans aged 6 to 14 years (a high-risk group for asthma), each 1-
point increment in a scale for lifetime exposure to violence was associated with 10% excess
odds of asthma after adjusting for potential confounders (95% CI for OR=1.0 to 1.12) (28).
Interestingly, exposure to violence remained significantly associated with asthma after
adjusting for chronic stress (29), which may be explained by the effects of risk factors
correlated with violence (e.g., outdoor pollutants, healthcare quality) or unmeasured pre- or
peri-natal stress. Future well-designed longitudinal studies should further assess these
results.

Physical or sexual abuse during childhood or adolescence has been linked to asthma (30,
31). In a cross-sectional study of Puerto Rican children and adolescents, a history of
physical or sexual abuse in the prior year was associated with asthma, medication use for
asthma, and healthcare utilization for asthma (32). A subsequent 16-year prospective study
of 28,456 African American women aged 21 to 69 years showed that self-reported physical
abuse during childhood was significantly associated with an increased risk of new-onset
asthma, particularly among those who reportedly felt in danger inside their home during
childhood (33). In a separate study of Australian young adults, emotional abuse between
birth and age 14 years was significantly associated with asthma by age 21 years, even after
adjusting for cigarette smoking and other forms of childhood maltreatment (34). However,
no dose-response was shown for this association. Despite limitations such as cross-sectional
design, retrospective assessment of abuse, or lack of data on potential confounders, findings
from these reports merit further examination in prospective studies.

Anxiety disorders or anxiety symptoms can be markers or a consequence of chronic stress.
Moreover, anxiety disorders or symptoms may cause or be caused by asthma. In a meta-
analysis of data from cross-sectional studies in over 7,000 children and adolescents, the
pooled prevalence of anxiety disorders in youth with asthma was as high as 22.7%, which is
up to thrice as high as that reported in healthy individuals (35). A database-driven analysis
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of one-year information in >65,000 subjects with asthma (aged 6 to 21 years) in
Massachusetts showed that anxiety and/or depression was associated with 1.2 times to 1.8
times higher rates of ED visits for asthma (95% CI for the relative risk (RR) for anxiety=1.1
to 1.35 and 95% CI for the RR for anxiety and depression=1.6 to 2.0) (36). Consistent with
some of those findings, a one-year study of 86 inner-city Black adolescents with persistent
asthma showed that probable anxiety at baseline was significantly associated with ED visits
for asthma and persistent uncontrolled asthma, but not with lung function or FeNO. Of note,
however, 22% of the participants in that study were lost to follow up (37). In a separate
study, adolescents with asthma were more likely to report depressive symptoms, cigarette
smoking and cocaine use than those without asthma, and adolescents with asthma and
suicidal ideations were also more likely to report substance abuse (38). A major limitation of
the studies referenced above (35-38) is lack of data on medication use or medication
adherence, as poorly controlled asthma may be more likely to lead to anxiety or depression
than well-controlled asthma. Indeed, such hypothesis is supported by findings from a cross-
sectional study of a convenience sample of 140 children and adolescents with and without
asthma, which found no significant difference in anxiety or depression between subjects
with mostly well-controlled asthma (on inhaled corticosteroids) and controls (39).

Finally, psychosocial interventions to educate youth on how to deal with stressful situations
may reduce asthma symptoms, particularly in economically disadvantaged individuals. In a
cross-sectional study of 308 children and adolescents with asthma, those who practiced
“shift and persist” had improved asthma symptoms only if they had low SES or experienced
more unfair treatment than their peers (40). Further prospective studies are needed to explore
the cost-effectiveness and impact of psychological interventions targeted to caregivers (41)
or adolescents to improve asthma.

Family-level stressors

Family structure and functionality could affect an adolescent’s health, growth, and
wellbeing. Caregivers of children with asthma have more depression and anxiety symptoms
than those of healthy children (42), and depressive symptoms can affect the overall health,
employment, and SES of caregivers, which may in turn affect asthma outcomes in their
children (43, 44). In a cross-sectional study of 223 primarily Hispanic children and
adolescents with uncontrolled asthma, depressive symptoms in the parent and her/his child
were associated with worse asthma severity or control, activity limitations, and emotional
triggers of asthma (45). Moreover, family chaos (measured by assessing commotion,
disorganization and routine in the household (46)), was associated with worse asthma
control (even after adjusting for depressive symptoms in parent and child) and was a
mediator of the association between parent/child depressive symptoms and worse asthma
outcomes (45).

Adverse experiences in an individual’s household can be highly stressful and have a long-
lasting impact on an adolescent. A cross-sectional study of six home adverse childhood
experiences (ACE) and lifetime asthma prevalence in 92,472 children and adolescents (0 to
17 years old) in the United States showed that home ACE were significantly associated with
increased odds of lifetime asthma, with a dose-response relationship going from 1 ACE
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(OR=1.28, 95% CI=1.12 to 1.43) to 4 ACE (OR=1.73, 95% CI=1.27 to 2.36) (47). However,
inconsistent results with no clear dose-response relationship were reported in a subgroup
analysis of adolescents (aged 12 to 17 years). In that study, home ACE included living with a
parent or guardian who was divorced or separated, who died, who served time in jail or
prison, who was mentally ill or suicidal or severely depressed, who had a problem with
substance use, or who partook in domestic violence. In an exploratory analysis, Hispanic
children and adolescents were shown to be at higher risk of lifetime asthma when exposed to
home ACE than children in other racial or ethnic groups (47). Limited evidence suggests
that intrafamilial violence is linked to all asthma (48, 49) or non-atopic asthma (50) in pre-
school (48, 49) and school-aged (50) children, but little is known about intrafamilial
violence and asthma in adolescents.

Homelessness is a severe stressor, and asthma prevalence in homeless children and
adolescents has been reported to be 2 to 3 times higher than that in their housed peers (51,
52). A database-driven analysis of subjects with asthma in New York showed that homeless
children and adolescents had asthma hospitalization rates that were 31 times higher than
those in non-homeless youth, and that homelessness was associated with greater risk of need
for ventilatory support for asthma among subjects aged 5 years and older (53). Because of its
design, that study could not assess whether the observed associations were mediated or
confounded by risk factors correlated with homelessness (e.g., healthcare access, substance
abuse, post-traumatic stress disorder, or depression)(52).

Community-level stressors

In engaging with their communities, adolescents face potentially adverse situations while
attending school, interacting with their peers, and perceiving or becoming aware of
neighborhood or community stressors such as violence, poverty, discrimination, and racism.
In a cross-sectional study of a convenience sample of 61 primarily African American
adolescents with asthma, high cumulative stress (accounting for poverty, neighborhood
stress, school stress, peer pressure and caregiver-adolescent conflict) was associated with
worse quality of life, worse asthma control, and ED visits for asthma (54). Moreover,
adolescents with well-controlled asthma were less likely to live in poverty and had lower
levels of neighborhood stress, school-related stress, and peer-pressure than those with poorly
controlled asthma. Findings from that study must be cautiously interpreted because of its
cross-sectional design, small sample size, and non-adjustment for confounders such as
obesity, healthcare access, and pollutants.

A link between community violence and asthma has been reported in pre-adolescent
children and adults. Such link may be explained by violence-related stress or risk factors
correlated with community violence (55-57). In a cross-sectional analysis of data from a
convenience sample of 156 children and adolescents with asthma, living in disadvantaged
neighborhoods was associated with daily and nocturnal asthma symptoms, as well as
marginally lower peak expiratory flow rates (58). In a separate retrospective analysis of data
for 4,638 ED visits and hospitalizations for asthma among children and adolescents in
Cincinnati (OH), crime rates in a child’s census tract were significantly associated with
increased asthma utilization rates, even after accounting for poverty, unemployment,

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2021 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Landeo-Gutierrez and Celed6n Page 7

substandard housing, and traffic exposure (59). Of interest, violent crime rates in the child’s
census tract were more strongly and significantly correlated with healthcare utilization for
asthma than all-crime rates in the child’s census tract. Interpretation of the findings of the
studies above is limited by their cross-sectional design and lack of data on potential
confounders.

Gun violence has become increasingly common in the United States (60). Whether this
severe form of violence affects asthma in adolescents has just recently been explored. In a
cross-sectional study of 466 Puerto Rican children and adolescents, lifetime exposure to gun
violence (defined as having heard gunshots more than once) was significantly associated
with 1.8 times increased odds of asthma, even after accounting for SES, traffic-related air
pollution, prematurity, and other confounders (95% CI for OR=1.1 to 2.7) (61). This
association was stronger in children who were exposed to gun violence and reported being
afraid to leave their home. In a separate analysis of that cohort, the global proportion of
African ancestry in Puerto Rican children and adolescents was associated with both asthma
and higher total IgE among participants exposed to gun violence, but not in those unexposed
(62). These findings should be explored in prospective studies with comprehensive data on
potential confounders and mediators of the association between gun violence and asthma.

Racism or discrimination can negatively affect an adolescent’s self-esteem, mental health, or
academic achievement (63). A cross-sectional study of two cohorts of minority youth (ages
8 to 21 years) showed that reported discrimination was associated with increased odds of
asthma (OR=1.78, 95% CI1=1.33 to 2.39) and poor asthma control (OR=1.97, 95% Cl=1.42
to 2.76) in African Americans, even after accounting for SES and other confounders (64).
Among Mexican Americans in that study, reported discrimination was only associated with
asthma among those of low SES. In a separate analysis of one of those cohorts, reported
discrimination was also associated with increased bronchodilator response in African
American youth, particularly in those with elevated plasma TNF-alpha levels (65).
Consistent with negative effects of discrimination on asthma, a study that followed 121
Canadian youth with asthma over a period of 2 years reported that targeted rejection (a form
of discrimination) was associated with lower mRNA for glucocorticoid receptor and 2-
adrenergic receptor in whole blood, even after accounting for body mass index and other
confounders (but not for medication use) (66).

Coping mechanisms such as family support may ameliorate detrimental effects of
community stressors on asthma. For example, a cross-sectional study of a convenience
sample of 308 subjects ages 9 to 17 years showed that, among those living in a
neighborhood deemed dangerous or disorderly, participants who had better family
relationships had fewer asthma symptoms and activity limitations but a higher FEVq than
those lacking such relationships, accounting for use of inhaled corticosteroids, ethnicity, and
other confounders (67). In that study, living in neighborhoods deemed dangerous or
disorderly was associated with increased T helper 1 and T helper 2 cytokine production and
decreased glucocorticoid sensitivity. Although that study utilized a novel approach to define
disordered or dangerous neighborhoods by using Google Street View images,
comprehensive tools to more accurately define disadvantaged neighborhoods are needed.
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CONCLUSION

In contrast to the body of published evidence for children and adults, relatively few studies
have focused on stressors or stress and asthma in adolescents. Despite limitations related to
study design (e.g., small sample size, cross-sectional nature, potential selection bias, lack of
objective measures of lung function or atopy) or data analysis (e.g., non-adjustment for
confounders such as medication use, asthma severity, obesity, or air pollution), current
evidence suggests that adolescents exposed to stressors (at the individual, family, or
community levels) and those who experience stress/anxiety or are depressed are at increased
risk of asthma or worse asthma outcomes.

Future large studies with a prospective or longitudinal design should determine whether and
how stressors or stress cause or worsen asthma in adolescents, defined and assessed not only
through questionnaires but also by objective measures of pulmonary function, airway
responsiveness, and atopy. Moreover, such studies should assess factors that could confound
or mediate the relation between stressors or stress and asthma (e.g., vaping, smoking, diet,
treatment adherence), while also considering biologically plausible interactions (e.g., with
obesity, diet, or pollutants). This, coupled with biomarkers of omics and immune responses,
are needed to better understand the relative contributions of direct vs. indirect effects of
stress or stressors on asthma phenotypes, as well as potential causal mechanisms.

Evidence from studies in adolescents and young adults support conducing randomized
clinical trials of behavioral interventions or coping mechanisms to reduce the effects of
certain psychosocial stressors on asthma outcomes in adolescents with asthma. Such
evidence also supports well-designed clinical trials of antidepressants as an adjuvant therapy
in adolescents with asthma, particularly poorly controlled asthma.

Given available evidence, clinicians should assess exposure to stressors (e.g., violence or
abuse) and screen for anxiety and depressive disorders when caring for adolescents with
asthma, providing referrals to social workers or mental health professionals, as appropriate.
Finally, public health policies are needed to reduce psychosocial stressors such as gun
violence and racism in adolescents.
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KEY MESSAGES

Current evidence suggests that exposure to stressors (at the individual, family,
and community levels) or stress (acute and chronic) are associated with
asthma and worse asthma outcomes.

Future large studies with a prospective or longitudinal design should
determine whether and how stressors or stress cause or worsen asthma in
adolescents.

Clinicians should assess exposure to stressors (e.g., violence or abuse) and
screen for anxiety and depressive disorders when caring for adolescents with
asthma, providing referrals to social workers or mental health professionals
when appropriate.

Public health policies are needed to reduce psychosocial stressors such as gun
violence and racism in adolescents.
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Figure 1.

Proposed pathways for the effects of stress on asthma.
Footnote: *Hypothalamic pituitary adrenal axis.
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Figure 2.

Psychosocial stressors at the personal, family and community levels.
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