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Abstract
In this mini-review, we outline a model depicting the immunologic mechanisms by which psychological stress can exacerbate clinical
symptoms in patients with asthma. This model highlights the importance of both social and physical exposures in the exacerbation of
asthma symptoms. The basic premise of the model is that psychological stress operates by altering the magnitude of the airway inﬂammatory response that irritants, allergens, and infections bring about in persons with asthma. The biological pathways for how stress
ampliﬁes the immune response to asthma triggers include the hypothalamic-pituitary-adrenal (HPA) axis, the sympathetic-adrenal-medullary (SAM) axis, and the sympathetic (SNS) and parasympathetic (PNS) arms of the autonomic nervous system. Empirical evidence for
this model is reviewed, and conclusions and future research directions are discussed.
Ó 2007 Elsevier Inc. All rights reserved.
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1. Introduction
Physicians, scientists, and laypeople have long believed
that stress contributes to exacerbations of asthma. However, it has only been in the past two decades that convincing scientiﬁc evidence has accumulated to substantiate this
hypothesis. For example, in an 18-month prospective study
of children with asthma, the experience of an acute negative life event (e.g., death of a close family member)
increased the risk of a subsequent asthma attack by nearly
2-fold (Sandberg et al., 2000). The impact of an acute negative event was accentuated when it occurred in the context
of chronic stress. Children exposed to high levels of acute
and chronic stress showed a 3-fold increase in risk for an
attack in the 2 weeks that followed the acute event. Despite
the recent empirical evidence linking stress with the clinical
proﬁle of asthma, much remains to be learned about the
biological mechanisms underlying this phenomenon. In
this mini-review, we outline a model highlighting inﬂammation as a central mediating pathway. It focuses on
*
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immunologic mechanisms that allow stress to ‘‘get inside
the body’’ and exacerbate symptoms of patients with
asthma. Because the role of stress in asthma onset has been
thoughtfully discussed elsewhere (Wright, 2005; Wright
et al., 2005), and probably involves diﬀerent behavioral
and biological mediators, we do not attempt to cover it
here.
2. What is stress?
Stress has been deﬁned in many ways in the scientiﬁc literature. One of the most common psychological deﬁnitions
has been that stress occurs when demands from the environment challenge an individual’s adaptive capacity, or
ability to cope (Cohen et al., 1995). Frequently termed
‘‘stressors’’, these demands include negative life events such
as job loss, death of a loved one, and family conﬂict.
Within this conceptualization of stress, researchers have
typically distinguished between acute and chronic stressors.
Acute stressors are time-limited in duration, typically with
a clear onset and oﬀset. In contrast, chronic stressors are
ongoing, stable life diﬃculties that elicit prolonged
responses and often have no clear endpoint in sight. Both
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have been linked to changes in various immune parameters
in humans, although the directionality can vary depending
on the type of stressor, and whether the person is healthy
or suﬀers from illnesses like asthma (Segerstrom and
Miller, 2004).
Because the same environmental demand can produce
considerable variability in people’s emotional, behavioral,
or physiological responses, some theorists have argued that
it is essential to consider an individual’s subjective perception of the stressor. This view holds that the critical feature
of stress is not the demand itself, but instead how an individual comes to interpret, or appraise, the situation. The
important outcomes of this appraisal process are whether
a person views the situation as threatening, and believes
that s/he has the resources necessary to cope with it eﬀectively. To the extent that the stressor is appraised as threatening and unmanageable, it elicits negative emotional
responses, which in turn give rise to the behavioral and biological sequelae of stress (Lazarus and Folkman, 1984).
Unfortunately, very little research in PNI has adopted this
sort of conceptual framework (6). Because of its importance to understanding linkages between stress and asthma,
we give special attention in the review to studies that feature appraisal-based conceptualizations.

3. How does stress aﬀect asthma?
Fig. 1 depicts our working model of stress and asthma.
It highlights the importance of both social and physical

Fig. 1. Model depicting the interaction of psychological stress with
environmental triggers in inﬂuencing asthma exacerbations. The basic
premise of the model is that stress operates by altering the magnitude of
the airway inﬂammatory response that irritants, allergens, and infections
bring about in persons with asthma. The ﬁgure provides an overview of
the relevant biological pathways to airway inﬂammation and bronchoconstriction, including the hypothalamic-pituitary-adrenal (HPA) axis, the
sympathetic-adrenal-medullary (SAM) axis, and the sympathetic (SNS)
and parasympathetic (PNS) arms of the autonomic nervous system.

exposures in the exacerbation of symptoms. The basic premise of the model is that psychological stress operates by
altering the magnitude of the airway inﬂammatory
response that irritants, allergens, and infections bring
about in persons with asthma. It is important to note that
the model suggests that stress on its own is NOT capable of
modifying immune functions in a way that leads to asthmatic symptoms. Rather, stress is viewed as a process that
accentuates the airway inﬂammatory response to environmental triggers and, in doing so, increases the frequency,
duration, and severity of patients’ symptoms.
A variety of indoor and outdoor triggers have been
found to contribute to exacerbations of asthma. For example, exposure to tobacco smoke can lead to wheezing and
asthmatic symptoms in vulnerable individuals (Jaakkola
et al., 2001), and so can infections in the upper and lower
respiratory tracts (Sigurs et al., 2005). In sensitized individuals, exposure to allergens, such as cat dander and mould,
can bring about bronchial hyperresponsiveness (Nelson
et al., 1999). One of the common pathways these triggers
operate through is airway inﬂammation. Upon entry into
the body, for example, inhaled allergens are taken up by
dendritic cells, and subsequently presented to T helper
(Th) cells (Busse and Lemanske, 2001). Th cells have two
phenotypes known as Th-1 and Th-2. Th-1 cells generally
initiate and coordinate cellular immune responses by
deploying cytokines such as IL-2 and IFN-c. By contrast,
Th-2 cells promote B cell proliferation and diﬀerentiation,
which leads to a humoral response involving antibody synthesis. They do so by releasing cytokines such as IL-4, IL-5,
and IL-13. It is these humoral pathways that are generally
implicated in ﬂare-ups of asthma.
The Th-2 cytokines IL-4 and IL-13 operate by binding
to B cells, and inducing them to synthesize and release
IgE antibodies. IgE then binds to mast cells residing in
the airways. When IgE molecules bind their cognate allergen, it causes the mast cell to degranulate, leading to the
release of allergic mediators such as histamines and leukotrienes. Histamines and leukotrienes cause edema, smooth
muscle constriction, and mucus, resulting in clinical symptoms of asthma including wheezing, chest tightness, and
shortness of breath. This pathway constitutes the early
response. A more prolonged late-phase response is generated when Th2 cells release IL-5. This cytokine recruits
eosinophils into the airways, where they bring about
inﬂammation and obstruction. Eosinophils also release
mediators, such as eosinophil cationic protein and major
basic protein, which can bring about damage to airway
cells, and leukotrienes, which cause edema and further
bronchial constriction. Hence, this late-phase response
worsens clinical symptoms by promoting airway inﬂammation and obstruction.
Our model suggests that stress accentuates this immune
response to environmental triggers. It views stress as an
external demand from an individual’s social environment.
To have downstream inﬂuences on inﬂammatory processes
in the airways, the external stressor must be appraised as

Author's personal copy

E. Chen, G.E. Miller / Brain, Behavior, and Immunity 21 (2007) 993–999

threatening and unmanageable. This appraisal pattern
brings about increases in negative emotions (e.g., anger,
fear, shame) and decreases in positive emotions (e.g., vigor,
joy, calmness) as well as changes in thoughts about the self
and the future. These emotional and cognitive processes
sensitize the Th-2 pathway, such that upon exposure to a
trigger, there is a more pronounced inﬂammatory response,
leading to increased frequency, duration, and severity of
symptoms.
We note that our model diﬀers from other depictions of
stress and asthma in its explicit focus on the interaction
between social and physical exposures and in its emphasis
on the pathway of inﬂammation. Other models have also
noted that stress has direct eﬀects on other biological
systems relevant to asthma (Wright, 2005; Wright et al.,
1998)—for example, through vagally mediated bronchoconstriction or heightened interoceptive sensitivity to
symptoms—and we agree that these are likely to be
important contributory mechanisms as well. We also
acknowledge that there are numerous other factors that
may interact with stress or independently operate to
aﬀect asthma morbidity, including genetics and access to
health care (Andrulis, 1998; Ober and Hoﬀjan, 2006).
Nonetheless, we view the model’s central precept—that
stress worsens asthma symptoms by accentuating inﬂammatory responses to environmental triggers—as a useful
heuristic framework for thinking about the big-picture of
asthma.
Before reviewing evidence for this model, we ﬁrst
acknowledge a paradox in the stress and asthma literature.
It is well-known that upon exposure to many forms of
acute stress there is activation of the hypothalamic-pituitary-adrenocortical (HPA) and sympathetic-adrenal-medullary (SAM) axes, leading to increased secretion of the
hormones cortisol, epinephrine and norepinephrine (Segerstrom and Miller, 2004). High levels of cortisol diminish
inﬂammation in the airways and the periphery; similarly,
b-adrenergic agonists such as epinephrine are potent bronchodilators. It is also well-known that certain stressors,
especially those which are severe and chronic, can suppress
cellular immune functions in humans (Segerstrom and
Miller, 2004). Together, these observations suggest the paradoxical conclusion that stressful experiences should ameliorate rather than exacerbate symptoms of asthma. Of
course, the ﬁndings from studies of asthma patients are
inconsistent with this conclusion; stress has been shown
repeatedly to worsen the course of illness. To resolve this
paradox, we argue that after long periods of exposure to
stress hormones, receptors for these molecules become
downregulated, leading to diminished regulation of inﬂammatory responses to asthma triggers. This is manifest in
exaggerated production of Th2 cytokines and recruitment
of eosinophils, both of which are known to accompany life
stress in asthma patients (but not in healthy adults, see
Segerstrom and Miller, 2004). These ideas are discussed
in greater detail in the ‘How does stress modify inﬂammation?’ section below.

995

4. What’s the evidence for the model?
With the basic outline of the model sketched, we next
describe a number of human studies that illustrate empirical approaches to assessing one or more aspects of this
model.
4.1. Patients with asthma
A handful of research projects have directly evaluated
whether stress ampliﬁes the immune response to asthma
triggers. One team studied college students with asthma
during periods of high stress (ﬁnal exam period) and low
stress (no major exam) (Liu et al., 2002). At each visit
patients inhaled increasing dosages of allergens to which
they were sensitized (ragweed, cat, or dust mite) until their
pulmonary functioning had declined by P20%. There was
evidence of a greater immune response to challenge under
stressful conditions. During the session that occurred
around ﬁnal exams, the allergen challenge elicited greater
numbers of eosinophils in both sputum and blood. A parallel ﬁnding emerged for in vitro production of IL-5 in sputum treated with phytohemagglutinin. These ﬁndings
provide direct support for the basic premise of our
model—that stress ampliﬁes the immune response to environmental triggers of asthma. It does so in a particularly
compelling fashion, by using an in vivo exposure paradigm,
and collecting samples from both sputum and peripheral
blood.
Other projects have used in vitro exposures to evaluate
this hypothesis. These studies typically involve culturing
peripheral blood mononuclear cells (PBMCs) with a mitogen cocktail that includes phorbol myristate acetate and
ionomycin (PMA/INO). The volume of cytokine production is then used as an indicator of the magnitude of
immune response. While this paradigm is limited because
the allergen exposure occurs in vitro, it can be done easily
and safely in community patients, so that high stress and
low stress groups or time periods can be compared. In
two studies our group has done of children with asthma,
low socioeconomic status (SES) has been associated with
greater PMA/INO stimulated production of IL-5 and IL13, which are critical mediators of the humoral immune
response that brings about asthma. Further analyses indicated that low SES patients had been exposed to higher levels of chronic stress, and were inclined to appraise their life
situations as being more threatening. When statistical analyses were conducted to evaluate relationships among these
processes, they showed that low SES were associated with
exaggerated Th-2 cytokine responses via chronic stress
and threat appraisal (Chen et al., 2006, 2003). In other
words, data were consistent with the notion that low SES
children may have exhibited ampliﬁed cytokine responses
because they had more chronic stress at home, and tended
to view their lives as threatening and unmanageable.
In a series of studies from another research group, high
school students were studied before an exam (baseline
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period of low stress) and after exams (high stress period),
and their peripheral blood cells were stimulated in vitro
with various mitogen cocktails. In one study, students with
asthma had greater production of IL-5 post-exam compared to students who were healthy. In contrast, there were
no group diﬀerences in IL-5 production at baseline. This
suggests that under conditions of low stress, individuals
with asthma do not diﬀer from healthy individuals in their
responsiveness to mitogen, but that periods of stress
heighten the responsiveness of Th-2 immune cells to mitogens speciﬁcally in individuals with asthma (Kang et al.,
1997). A second study from this group documented that
exam stress was associated with reduced production of
the Th-1 cytokines IFN-c and IL-2, but increased production of the pro-inﬂammatory cytokine IL-6 (argued by this
group to represent Th-2) across both a sample of students
with asthma and healthy students (Kang and Fox, 2001).
Finally, in one study of 2-year-old children with a family
history of asthma or allergy, PBMC’s were stimulated
in vitro with allergens (dust mite, cockroach) as well as PHA.
Because the children were too young to provide accurate
reports, their caregivers were asked to what extent they found
their lives threatening and unmanageable. Children whose
caregivers appraised their lives as high in stress had greater
stimulated production of the pro-inﬂammatory cytokine
TNF-a, and reduced production of the Th-1 cytokine IFNc (Wright et al., 2004). Importantly, these eﬀects were prospective, with stress temporally preceding immune response.
Collectively, these studies suggest that among patients
suﬀering from asthma, stress can amplify the Th-2 cytokine
response to asthma triggers and mitogen cocktails, and in
some cases also blunt the release of Th-1 cytokines. The latter ﬁnding is intriguing because Th-1 and Th-2 cytokines
often have opposing actions on their targets and can act
in a mutually inhibitory fashion. Thus, a stress-evoked
decline in Th-1 output could ‘‘permit’’ greater expression
of Th-2 cytokines. Regardless, the studies indicate that an
ampliﬁed humoral response to asthma triggers is found in
the context of many kinds of stressors, including chronic
situations like low SES and more acute ones like a school
exam, and emerges both when stress is conceptualized as
a demand from the environment or the result of a cognitive
appraisal process. Over time, a pattern of exaggerated
inﬂammatory responses may lead to more frequent or
severe symptoms of the illness.
4.2. Healthy adults
Because of the small number of studies in patients with
asthma, we also review one compelling paradigm that has
been used with healthy adults. It involves assessing the
extent of psychological stress in healthy adults and, after
they have been quarantined, exposing them to viruses that
cause upper respiratory infections. The volunteers are then
monitored for 3–5 days so that instances of infection (viral
replication) and clinical illness (infection accompanied by
symptoms) can be recorded. Because the dose and kind

of pathogen exposure is identical across volunteers, one
can evaluate the contribution of stressful experiences to
rates of infection and illness, without concerns about the
potential confounding explanation that people experiencing diﬀerent degrees of stress will have diﬀerential exposure
to pathogens in their daily lives. In an elegant series of projects using this paradigm, Cohen and his colleagues have
shown that high levels of stress (both in the form of life
events and appraisals of threat and manageability) are
associated with heightened susceptibility to respiratory illness (both viral infection and clinical illness) (Cohen
et al., 1991). These eﬀects are attributable to chronic, rather
than acute, forms of stressful experience (Cohen et al.,
1998). In follow-up research projects designed to identify
the responsible underlying mechanisms, this team found
that stressed volunteers produced excessive amounts of
IL-6 in the nasal cavity following inoculation. Nasal levels
of IL-6 were related, in turn, to more severe illness symptoms. Statistical analyses of mediation indicated that, of
the variance that stress accounts for in respiratory illness,
58% of this variance could be explained by excessive IL-6
production (Cohen et al., 1999). Even though they were
obtained in healthy adults, these ﬁndings suggest two conclusions relevant to our model—that stress is able to accentuate the inﬂammatory response to an in vivo pathogenic
exposure, and that excessive cytokine production can serve
as a primary mediating pathway linking stress and disease.
These ﬁndings are also important because among
patients with asthma, viral infections are a potent trigger
for the exacerbation of symptoms. Thus, enhanced susceptibility to respiratory infection may serve as an additional
mechanism of action for stress. This logic may seem initially puzzling because viruses primarily activate Th-1
immune responses, and it is the opposing Th-2 cascade that
is usually identiﬁed as the culprit in asthma ﬂare-ups. However, asthma patients routinely display evidence of an antiviral immune response in the airways, and this has
generated speculation that viruses or the immune signals
they elicit activate airway epithelial cells in a fashion that
contributes to asthma exacerbations (Holtzman et al.,
2002). For example, activated Th-1 cells may facilitate
recruitment of Th-2 cells to the airways, thus also exacerbating responses to allergen exposures (Holtzman et al.,
2002). It is possible, then, that psychological stress in
patients with asthma may operate by increasing the sensitivity of Th-1 cells to viral signals, thus increasing vulnerability to virally induced exacerbations of asthma. Previous
clinical research has found that patients with asthma who
report more negative life events in combination with low
social support experience a higher number of asthma exacerbations induced by upper respiratory infections (Smith
and Nicholson, 2001).
5. How does stress modify inﬂammation?
Having provided support for the basic premises of our
working model, we now turn to details of how stress
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ampliﬁes the immune response to asthma triggers. Fig. 1
provides an overview of the relevant pathways, including
the hypothalamic-pituitary-adrenal (HPA) axis, the sympathetic-adrenal-medullary (SAM) axis, and the two major
divisions of the autonomic nervous system, sympathetic
(SNS) and parasympathetic (PNS).
5.1. Glucocorticoid pathways
The HPA axis becomes activated when neurons in the
paraventricular nucleus of the hypothalamus secrete corticotropin-releasing hormone (CRH). This molecule travels
to the anterior pituitary gland, which responds to its presence by secreting a pulse of adrenocorticotropin hormone
(ACTH). The ACTH signal is carried through the peripheral circulation to the adrenal glands, which synthesize
and release cortisol in a tissue layer called the zona fasciculate. In nervous, muscle, lymphoid, and other tissues, cortisol binds to an intracellular glucocorticoid receptor (GR),
which is the starting point for a number of critical signaling
pathways. On T-lymphocytes, GR plays key roles in regulating expression of interleukins-4, 5, and 13 following
allergen exposure. Mast cells also constitutively express
these receptors, and ligation can inhibit release of histamine and other allergic mediators, as well as diminish
recruitment and activation of eosinophils.
Certain situations are known to be potent triggers of the
HPA axis. Speciﬁcally, acute situations that involve high levels of social evaluation, and elicit self-conscious emotions
like shame, reliably boost output of ACTH and cortisol in
humans (Dickerson and Kemeny, 2004). In contrast, acute
laboratory stressors that do not involve social evaluation,
such as watching emotionally distressing ﬁlms, do not activate the HPA axis (Dickerson and Kemeny, 2004). HPA
activity is also reliably increased shortly after the onset of
severe, chronic stressors, especially when they threaten physical integrity and are completely out of a person’s control
(Miller et al., 2007). We have argued that such situations
are likely to increase vulnerability to asthma exacerbations.
The idea here is that with prolonged exposure to high levels
of cortisol, white blood cells mount a counterregulatory
response—that is, they compensate for the high exposure
to cortisol by downregulating the expression and function
of the receptors that bind cortisol. This response diminishes
the sensitivity of immune cells to glucocorticoid signaling,
making them more resistant to these molecules’ potent
anti-inﬂammatory properties (Miller et al., 2002). While this
may be an adaptive short-term response, it is likely to have
long-term costs for patients with asthma. For example, the
next time they are exposed to a trigger, it may be more diﬃcult for them to regulate the magnitude and duration of airway inﬂammation. Another cost over the long-term might be
diminished sensitivity to glucocorticoid medications, which
are central to eﬀective clinical management of asthmatic
symptoms. This glucocorticoid resistance could help explain
the paradox of why stress is not beneﬁcial for asthma if it
increases HPA activity.
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Our ﬁrst evaluation of this hypothesis involved healthy
adults facing a severe, chronic stressor—having a child
who was in the midst of being treated for pediatric cancer.
Whole blood was collected from volunteers and incubated
with LPS—which triggers the release of inﬂammatory cytokines—and varying dosages of the synthetic glucocorticoid
dexamethasone. Parents of cancer patients exhibited diminished sensitivity to the anti-inﬂammatory properties of dexamethasone, as manifest by greater production of the
cytokine IL-6 compared with a matched sample of parents
with medically healthy children. These ﬁndings provide initial evidence that, in healthy humans, chronic stress diminishes sensitivity to glucorticoids. We recently conducted a
follow-up project in children suﬀering from asthma (Miller
and Chen, 2006). This work focused on expression of glucocorticoid receptor mRNA in leukocytes, rather than the indirect measures of its functional capacity used in the initial
project. We found that among children with asthma, chronic
stress in the family was marginally associated with reduced
expression of GR mRNA. We also assessed the occurrence
of acute life events such as failing an exam or the death of
a grandparent. Having an acute event in the 6 months before
the study was not suﬃcient to inﬂuence glucocorticoid receptor mRNA. When such events occurred in the context of a
chronic stressor, however, their association with patterns
of gene expression was accentuated. Children with asthma
who simultaneously experienced acute and chronic stress
exhibited a 5.5-fold reduction in glucocorticoid receptor
mRNA. These ﬁndings suggest that when children with
asthma face this particular combination of experiences, the
bioavailability of GR in leukocyte populations is likely to
be signiﬁcantly diminished. This could have important
implications for regulating inﬂammation in the airways
upon exposure to asthma triggers.
Stress-evoked changes in HPA activity could worsen
asthma in ways other than glucocorticoid resistance. For
instance, exposure to high doses of cortisol can bias the
immune system towards an excessive Th-2 cytokine
response (Marshall and Agarwal, 2000), which would
increase the likelihood of an asthmatic patient experiencing
severe or prolonged symptoms following exposure to a trigger. There is also mounting evidence that as time passes,
chronic stressors become associated with reduced HPA axis
output (Miller et al., 2007). These data indicate that when
chronic stress ﬁrst begins, there is an initial activation of
the HPA axis, resulting in elevated concentrations of
ACTH and cortisol. But as time passes this activity diminishes, and cortisol secretion rebounds to below normal levels. To the extent that this process results in deﬁcient GR
signaling in lymphoid tissues, it could have some of the
same consequences for asthmatic patients as stress-related
glucocorticoid resistance.
5.2. Autonomic pathways
Stressors also have the capacity to activate the sympathetic nervous system (SNS). SNS stimulation results in
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systemic release of epinephrine from the adrenal medulla,
as well as activation of noradrenergic ﬁbers that innervate
pulmonary and lymphoid tissues. In the lungs sympathetic
activation facilitates the dilation of bronchi, acting through
smooth muscle in blood vessels and submucosal glands. In
lymphoid organs such as the spleen, thymus, and lymph
nodes, catecholamines released as part of SNS activation
can bind to lymphocytes, and modify their functions in a
fashion that may promote exaggerated humoral responses
(Marshall and Agarwal, 2000). Adrenergic receptors are
present on T- and B-cells, as well as other populations of
leukocytes. They are able to regulate various features of
the humoral response involved in asthma, including expression of IL-4, 5, and 13 following allergen exposure, the
release of histamines by activated mast cells, and the
recruitment and activation of eosinophils in the airways.
Because they capitalize on these bronchodilatory and
immunomodulatory properties, b-agonist medications are
commonly prescribed to asthma patients.
With these important sympathetic mechanisms for
asthma in mind, our team recently extended its reasoning
on glucocorticoid resistance. We argued that long-term
exposure to high levels of epinephrine and norepinephrine
would lead to downregulation of b2-adrenergic receptors
(b2AR) in pulmonary and lymphoid tissues. This might
contribute to heightened expression of Th-2 cytokines,
mast cell degranulation, and eosinophil activation, as well
as diminish the bronchodilatory eﬀects of b-agonist therapies in patients with asthma. To begin evaluating this possibility we measured stressful experiences and mRNA for
b2AR in leukocytes in a cohort of children with asthma
(Miller and Chen, 2006). To the extent they had high levels
of chronic stress in the family, children exhibited reduced
quantities of mRNA for the b2AR. As was the case for
the GR, there was no eﬀect of acute events. However, when
children experienced acute and chronic stressors at the
same time, they showed a marked reduction of 9.5-fold in
mRNA for b2AR. These ﬁndings provide initial evidence
in support of our hypothesis that over extended periods
of time, high levels of stress downregulate b2AR, which
if true, could provide one explanation for why activation
of stress systems is not more beneﬁcial for asthma. Future
work is needed, however, to determine the extent to which
this downregulation translates into decrements in pulmonary and immunologic functions and clinical symptoms of
asthma.
In contrast, parasympathetic ﬁbers descend from the
vagus nerve and innervate the airways. These ﬁbers signal
smooth muscle cells and submucosal glands in the airways.
When activated, these ﬁbers release the neurotransmitter
acetylcholine, which facilitates bronchoconstriction and
mucus secretion. While stress is typically thought to
decrease parasympathetic activity in healthy individuals,
some researchers have postulated that in patients with
asthma, stress is associated with hyperresponsiveness of
both the parasympathetic and alpha-sympathetic pathways
(Lehrer et al., 1993). Previous research has documented

that the experience of acute negative emotions is linked
to autonomic reactivity in patients with asthma. In this
research paradigm, children with asthma were shown a
sad ﬁlm. The more emotional children reported being over
the ﬁlm, the greater their airway reactivity, as measured by
challenge with methacholine, a chemical that causes
smooth muscle contraction in the airways via cholinergic
pathways (Miller and Wood, 1994). In follow-up research,
this team has shown that sadness produces the greatest
heart rate variability (indicating greater parasympathetic
activation) and instability of oxygen saturation (indicating
airway instability) as compared with happiness or neutral
feelings. These ﬁndings suggest that the types of negative
emotional responses that our model postulated would be
associated with stressful life experiences may elicit cholinergic responses that contribute to bronchoconstriction and
exacerbations of asthma.
6. What’s next?
We have used this mini-review to outline the premises of
a working model of stress and asthma. Although a number
of the model’s important predictions have been conﬁrmed,
more work needs to be done before its overall utility can be
evaluated. Next steps for future research should include
addressing questions such as: do stressful experiences foster
asthmatic symptoms by accentuating inﬂammatory
responses to allergic, infectious, and chemical triggers?
To what degree are diminished sensitivity to glucocorticoids and catecholamines responsible for the heightened
inﬂammatory cascade? To more deﬁnitively answer these
questions in human clinical research, researchers will need
to conduct multi-wave prospective investigations, frequently assessing psychological, immunologic, and clinical
variables. It will also be important to assess speciﬁc types
of stress experiences and speciﬁc types of triggers, as there
are likely to be more and less potent combinations of psychological experiences and environmental triggers. Finally,
research is needed to determine whether other causal pathways in the model are operative, and to incorporate additional mechanisms linking the major constructs, since
airway inﬂammation is unlikely to be the only critical
mediator in these processes. To the extent that the next
wave of studies can meet these challenges, they will allow
us to develop convincing mechanistic explanations for
how stress ‘‘gets inside the body’’ to worsen asthma.
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