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Abstract
Objective—To understand how psychological stress heightens risk for asthma flare-ups, we
examined the relationship between acute stress, chronic family stress, and the production of asthma-
related cytokines.

Methods—Seventy-one children with asthma and 76 medically healthy children completed
interviews regarding life stress, and peripheral blood samples were collected. After mononuclear
cells had been mitogenically stimulated, production of the cytokines IL-4, IL-5, IL-13, and IFN-γ
was measured. All measurements were repeated every 6 months for two years. Children reported on
their asthma symptoms for 14 days following each study visit.

Results—Children with asthma who had higher levels of chronic family stress showed increased
production of IL-4, IL-5, and IFN-γ at times when they had experienced an acute event compared to
times when they had not. These stress-related changes did not occur in asthmatic children with lower
levels of chronic family stress, or in healthy controls. The combination of acute and chronic stress
was also associated with increased asthma symptoms.

Conclusion—These findings suggest that acute negative life events have a particularly strong
impact among a subgroup of children with asthma who are under high chronic family stress. The
heightened inflammatory profile in this group suggests an explanation for why children experiencing
life stressors are at greater risk for asthma exacerbations.
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While it has long been known that stressful experiences can exacerbate symptoms of asthma
(1), it has only recently become clear which kinds of stressors pose the greatest risk for patients.
In this regard studies indicate that simultaneous exposure to acute life events and ongoing
chronic stressors is particularly detrimental. For instance, in a prospective study of children
with asthma, those 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 (2-3). Apart from the issue of duration, research
indicates that the type of stressor is an important determinant of its influence, with family
difficulties emerging as particularly detrimental. For example, prospective studies have shown
that parental stress at 2 to 3 months of life predicts subsequent wheezing in infancy (4), and
that parenting difficulties during the first years of life are associated with the onset and
persistence of school-age asthma (5-6).
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Given the growing evidence of the role of psychosocial factors on clinical asthma outcomes,
researchers are beginning to investigate the mechanisms through which stressful experiences
contribute to the development and/or persistence of symptoms (1,7). Previous research has
found that when asthmatic patients are exposed to stressors like writing an important exam or
living in a low SES environment, they show higher eosinophil counts, greater lymphocyte
proliferative responses to allergic triggers, and heightened in vitro production of inflammatory
cytokines implicated in asthma such as interleukins-5 and –13 (8-10). Stressors also accentuate
the airway inflammatory response to allergen challenges (11). However, the bulk of the
research on mechanisms has been cross-sectional, meaning that the temporal ordering and
causal direction of these associations remains unclear. To begin resolving some of these issues,
the current study followed children with asthma over 2 years, taking repeated measures of life
stress and asthma-related immune markers. Immune markers included the in vitro production
of asthma-related cytokines including IL-4, IL-5, IL-13, and IFN-γ. This design enabled us to
identify within-person changes in cytokine dynamics following exposure to stressful
experiences. We expected that children who were simultaneously exposed to acute life events
and chronic family stress would show alterations in cytokine production in a direction
detrimental to asthma.

Methods
Patients

The sample consisted of 71 children with asthma and 76 medically healthy children. They were
recruited from the Vancouver, BC community through advertisements in physicians' offices,
newspapers and magazines, and community settings. Children were eligible for the study if
(1) they were between the ages of 9 and 18, (2) they were fluent in English, and (3) had been
free of upper-respiratory illness for the past 4 weeks. To be included in the asthma group,
children were required to have a physician diagnosis of asthma and be free of other chronic
medical illness. Healthy children were required to have a history without chronic medical and
psychiatric illness. Information regarding children's medical history was gathered from parents.
See Table 1 for a description of the sample.

Procedures
Children visited the research center accompanied by a parent every six months over the course
of two years. Eighty-nine percent of the children had completed 3 or 4 study visits at the time
of data analysis; they as well as the other 11 percent are included in the statistical analyses
presented below. Written consent was obtained from the parent, and assent was obtained from
the child. A local anesthetic cream (EMLA; AstraZeneca, Wilmington, DE) was applied to the
child's arm. Children were interviewed regarding life stress (see below), and then blood was
collected using antecubital venipuncture. Children with asthma reported on their asthma
symptoms twice daily for 14 days following each laboratory visit. Data collection for this
portion of the study began in April of 2004 and ended in September of 2007. The study was
approved by the Research Ethics Board of the University of British Columbia.

Life-Stress Interview
To assess children's exposure to stressful experiences, we administered the University of
California Los Angeles Life Stress Interview, Child Version (12). This semistructured
interview covers acute and chronic forms of stress over the past 6 months. It has been used
successfully in children as young as 8, and has demonstrated reliability and validity (13-15).
The interview focuses on stress in multiple life domains, including family relationships,
friendships, school, and home life. Interviewers rate the level of chronic, ongoing stress on a
5 point scale, with higher numbers reflecting more severe and persistent difficulties. Here we
focus on chronic family stress, which is concerned with the quality of interpersonal
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relationships among family members. Chronic family stress was quite stable over time
(Cronbach's alpha=0.90; inter-correlations range from .61 to .84), thus we could not justify
modeling it within-person. More specifically, the average change across time per subject was
about a half-point, which is actually within our margin of error across different raters. Thus,
chronic family stress ratings were averaged across the 4 visits and modeled as a between-
subjects factor (see below for more information on our data analytic strategy).

The interview also probed for acute stressors, defined as specific events with a discrete onset
and offset. To judge the objective impact of an acute event, a consensus rating is made by a
team of interviewers after it has been briefed on event details by the primary interviewer. Impact
ratings are made on a 5-point scale ranging from 1 (no impact) to 5 (severe impact). Consensus
ratings take into account the context in which an event has occurred. For example, if a
participant had failed a test at school, we would make a rating based on a number of factors,
such as his or her previous academic record, and reactions from parents and teachers. In the
present study we consider acute events rated 2.5 or higher (mild-moderate impact) to be
significant life events. This follows the convention in the Life Events and Difficulties Schedule
area of using a threshold for defining major life events (e.g.,16-18). Examples of acute life
events from the current study include a mother being fired from her job, a father being admitted
to the hostpital for depression, and a child's best friend moving to another city.

Cytokine Production
Cytokine release by peripheral blood mononuclear cells (PBMC) in response to mitogenic
stimulation was measured in an in vitro model. Peripheral blood was collected into BD
Vacutainer Cell Preparation Tubes containing sodium heparin, and PBMCs were separated and
stimulated with phorbol myristate acetate (PMA; final concentration 25 ng/ml) and ionomycin
(final concentration 1 μg/ml) for 48 hours at 37°C in 5% CO2. This PMA/ionomycin
combination has been successful in stimulating the cytokines of interest in other asthma studies
(19-20). After centrifugation, supernatants were collected and frozen at -80°C. Supernatants
were then assayed to determine levels of IL-4, IL-5, IL-13, and IFN-γ using enzyme-linked
immunosorbent assays (ELISA) (R&D System, Minneapolis, MN). Inter- and intra-assay
variations were below 10%.

Asthma Symptoms
Children rated each of 4 asthma symptoms (cough, wheeze, chest tightness, and shortness of
breath) on a scale from 0 (none) to 4 (really bad). Symptoms experienced over the course of
the night were rated at waking and symptoms experienced during the day were rated before
bed on each day of sampling. Compliance to the diary schedule was monitored using electronic
time and date stamps that the participants would “punch-in” before making their ratings. To
create symptom scores for each visit, we computed average daily symptoms scores, and then
averaged the daily scores across the 14 days.

Potential Confounders
To account for the impact of medication, parents were asked to bring all of their child's
medications to the research center. Names and dosages were recorded directly from the label,
and the number of days each medication was taken in the last 2 weeks was ascertained. Using
this information, we created variables reflecting the number of days in which inhaled
corticosteroids and β agonists were used in the past 2 weeks.

Asthma severity was determined from the National Asthma Education and Prevention
Program, Expert Panel Report 2 (NAEPP/EPR2) guidelines based on the higher of symptom
frequency and medication use (21). Symptom frequency was based on parent reports of the
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child's daytime, nighttime, and exertional symptoms over the past month. Medication use and
asthma severity were included as covariates in statistical analyses.

Finally, socioeconomic status as a possible covariate was measured using current family
income. Current family income was defined as the family's total gross income for the past 12
months before taxes.

Statistical Analyses
Data were analysed using hierarchical linear modeling (HLM 6.03 (22)), a multi-level
modeling technique that allowed us to test both within-person and between-person
contributions to changes in cytokine production and asthma symptoms over time. Acute stress
was modeled as a within-person factor because it varies over time, whereas chronic family
stress was modeled as a between-subjects factor because it varies from child to child, but
remains quite stable over time. In the within-person (or level-1) model, we estimated cytokine
production as a function of factors that vary over time including exposure to a significant life
event and the covariates of days of medication use in the last 2 weeks. These models yielded
a series of person-specific slopes reflecting the difference in cytokine production between visits
when patients were versus were not exposed to a significant life event (β1i). In the between-
person (or level-2) models, we estimated the above slopes for each subject as a function of
factors that vary across people, including chronic family stress and the covariate asthma
severity. The critical parameter was the coefficient γ11 which reflects the cross-level interaction
between acute stress and chronic stress in the prediction of cytokine levels. In other words, the
coefficient γ11 indicates whether the relationship between acute stress and cytokine production
depended on the extent of chronic family stress. When significant interactions emerged,
cytokine production was plotted at the 25th and 75th percentiles of chronic family stress in both
the absence and presence of an acute event. In addition, the magnitude of the interactions was
examined by calculating the proportion of between-person variability in the relationship
between acute stress and cytokine production that was explained by chronic family stress.

Results
Relations of life stress to cytokine production among patients with asthma

First we tested the main effects of acute stress at level 1. Results indicated no significant effects
for any of the outcome measures, p's>.10, meaning that patients had similar patterns of cytokine
production at times when they had experienced an acute event compared to times when they
had not. We then tested the main effects of chronic stress at level 2, and again, results indicated
no statistically significant effects, p's>.05. However, there was a trend toward a positive
relationship between chronic family stress and IL-4 production, γ01=1.84, SE=.96, p=.06.
Specifically, children with higher family chronic stress showed marginally higher IL-4 levels.

Next, we tested for a level 1 by level 2 interaction, in terms of whether the relationship between
acute stress and IL-4 production depended on the extent of chronic family stress. Results
indicated a significant interaction between acute and chronic stress, γ11= 8.16, SE=3.15, p=.
01. Consistent with expectations about the detrimental nature of double-exposure, children
with higher levels of chronic family stress showed increased IL-4 at times when they had
experienced an acute event compared to times when they had not (see Figure 1). In contrast,
children with lower levels of chronic family stress showed no changes in IL-4 at times when
they had experienced an acute event compared to times when they had not. The moderating
effect of chronic stress was large, as it accounted for approximately 77% of the between-person
variability in the relationship between IL-4 and acute events.
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We found similar cross-level interactions for IL-5, γ11=43.74, SE=15.46, p=.007 and IFN-γ,
γ11=11334.98, SE=3803.80, p=.004 (see Table 2 and Figures 2 and 3). Children with higher
levels of chronic family stress showed increased IL-5 and IFN-γ production at times when they
had experienced an acute event compared to times when they had not. Conversely, children
with lower levels of chronic family stress showed no difference in production of these cytokines
at times when they had experienced an acute event compared to times when they had not.
Chronic stress accounted for approximately 73% of the between-person variability in the
relationship between acute events and each of these outcomes.

In contrast to our other findings, acute and chronic stress did not interact in the prediction of
IL-13 production (p>.20).

To test whether these findings could be explained by family socioeconomic status, we re-ran
analyses including family income as a control variable at level 2. Acute stress and chronic
family stress continued to interact in predicting IL4, IL5, and IFN- γ production, independent
of family income (p's<.05).

Analyses were also repeated using a 6-month (rather than 3-month) window for major life
events. However, these analyses indicated no significant main effects of acute stress (p's>0.10)
and no significant acute by chronic interactions (p's >0.20). Thus, only more recent events
(within the 3 months leading up to each visit) appeared to interact with chronic stress in the
prediction of IL-4, IL-5, and IFN-γ.

Relations of life stress to asthma symptoms
We next asked whether chronic and acute stress would predict asthma symptoms. These
analyses were carried out in a subgroup of participants with moderate to severe asthma (N=32)
because they were only the ones to consistently report symptoms. The mean symptom score
for this subgroup was 1.04±1.01 on a scale of 0 to 4; in the rest of the sample it was .71±.81.

Analyses indicated that while there were no main effects of acute or chronic stress on
symptoms, p's>.20, there was a significant cross-level interaction, γ11=0.41, SE=0.17, p=.024
(see Table 2). As shown in Figure 4, the pattern of findings for asthma symptoms partially
mirrored the pattern for cytokine production. Specifically, as was the case with cytokines, the
impact of acute events was amplified among children with high chronic family stress, such that
patients with simultaneous exposure to these stressors reported the most symptoms. But unlike
the cytokine outcomes, there was evidence that chronic family stress increased symptoms even
at times when no acute event had occurred. (Though this amplifying effect of chronic stress
was smaller than at times when an acute event had occurred.) The cross-level interaction
explained approximately 88% of the between person variability in the relationship between
acute stress and asthma symptoms.

Relations of cytokine production to asthma symptoms
Given that life stress was associated with IL-4, IL-5, and IFN-γ production, we tested whether
within-person changes in these cytokines were associated with changes in asthma symptoms.
This set of analyses was also carried out among the subgroup of asthma participants with
moderate to severe symptoms. Results indicated that IL-5 production was significantly
associated with asthma symptoms, γ01=.0024, SE=.00067, p=.002, meaning that participants
reported increased asthma symptoms at times when IL-5 production was higher than their
individual averages. In addition, there was a trend for a positive association between IL-4
production and asthma symptoms, γ01=.011, SE=.0055, p=.06. However, IFN-γ production
was unrelated to asthma symptoms, p>.30.
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Relations of life stress to cytokine production among healthy controls
We conducted a parallel set of analyses in the healthy comparison group (see Table 2). They
showed that exposure to an acute event (within 3 months) was associated with increased
production of IL-5, γ01=58.01, SE=24.80, p=.02, meaning that participants showed increased
production of IL-5 at times when they had experienced an acute event compared to times when
they had not. However, there were no main effects of acute events on IL-4, IL-13, or IFN-γ,
p's >.30. The analyses also revealed a significant main effect of chronic family stress on IL-13,
such that children with higher levels of chronic family show increased production of IL-13,
γ01=-.73.45, SE=29.38, p=.02. There were no main effects of chronic family stress on
production of IL-4, IL-5, or IFN- γ, p's>.30. Finally, we tested the interaction between acute
and chronic stress. Unlike the asthma sample, results indicated that acute and chronic stress
did not interact to predict IL-4, IL-5, or IL-13, p's>.10. However, there was some trend toward
an interaction between acute and chronic stress in the prediction of IFN-γ, γ01=-7502.52,
SE=4261.56, p=.08.

Discussion
This study examined the relationship between chronic stress, acute events and within-person
changes in cytokine production over two years in children with asthma and a healthy
comparison group. Within the asthma group, we found that the association between acute
events and asthma-relevant cytokines was accentuated among children with chronic family
stress. Specifically, children with high chronic family stress showed increased production of
IL-4, IL-5, and IFN-γ at times when they had experienced an acute event compared to times
when they had not. In contrast, when chronic family stress was low, there was no relationship
between acute events and cytokine production. Acute and chronic stress did not interact to
predict cytokine changes among medically healthy children, suggesting that the cytokine
changes are specific to asthma and not simply part of a general response to stress. Furthermore,
in a subgroup of children with moderate to severe asthma, acute and chronic stress interacted
to predict asthma symptoms, such that children who were exposed to both acute and chronic
stress reported the most severe symptoms. This pattern of results mirrors previous clinical
findings in which double-exposure to acute and chronic stressors was associated with risk for
asthma exacerbations (2). The present study takes this research one step further by providing
a plausible biological explanation for how a psychological factor like stress can influence
clinical outcomes in asthma.

One reason why double-exposure may be so detrimental is that it may be that while people can
manage one key life stressor, they do not have the resources (e.g., time, energy, social support)
to deal with multiple stressors effectively. This might prolong the impact or heighten the
severity of stressors that could normally be managed. Having to juggle multiple stressors also
seems likely to interfere with people's ability to engage in healthy behaviors like exercising
and spending time with friends, that can protect against the detrimental influence of problems
at home, work, and school. Double-exposure may also overwhelm a person's social-support
network or, if one of the stressors involves tensions with close friends or family, interfere with
his or her ability to mobilize it. Erosion of family support could be especially detrimental for
children, who often rely on their parents and siblings for assistance with key life events.

What are the mechanisms by which double-exposure influences cytokine production? One
possibility is that stress-related activation of the hypothalamic-pituitary-adrenocortical axis
and the sympathetic nervous system among double-exposed children leads over time to a
compensatory down-regulation of glucocorticoid and β-adrenergic receptors on target tissues.
This process is thought to decrease sensitivity to the anti-inflammatory effects of hormones
like cortisol and epinephrine (18,23). Consistent with this theory, double-exposure has been
linked to elevated cortisol output through the day and decreased expression of glucocorticoid
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receptor mRNA among healthy young women (24), as well as decreased expression of both
glucocorticoid and β-adrenergic receptor mRNA among youth with asthma (18). Thus, the
present findings of heightened cytokine production may in part result from diminished control
over inflammation due to dysregulation at the level of hormones and receptors. Future work
would benefit from prospective studies that examine the causal relations between stress
exposures, hormone dynamics, and asthma-related immune markers.

This study examined T-helper (TH) 2 (IL-4, IL-5, and IL-13) and TH1 (IFNγ) cytokines, which
serve different functions during an immune response. In regard to asthma, it is widely believed
that the inflammatory response involves a TH2 mechanism (25-27). In addition, there is some
evidence that acute stress involves a shift toward a TH2 response (increased production of
IL-10) and away from a TH1 response (decreased production of IFN-γ) among healthy young
adults (28). Consistent with these findings, double-exposed children with asthma in our sample
showed increased TH2 cytokine (IL-4 and IL-5) production which could be indicative of an
enhanced humoral response to allergens. However, they also showed increased production of
IFN-γ, a TH1 cytokine that is thought to have inhibitory effects on TH2 pathways. These results
are consistent with some previous research- for example, the finding that another type of
chronic stress, low socioeconomic status, is associated with elevations in both TH2 (IL-5) and
TH1 (IFN-γ) responses among children with asthma (29). Thus, it may be that in children with
asthma, stress leads to a general upregulation of TH cell activity and signaling (rather than an
imbalance between TH1 and TH2). What this means for asthma is unclear. Though Th1 activity
generally inhibits the Th2 signals that drive asthma, some data suggest that cytokines like IFNg
contribute to asthma pathogenesis, possibly by orchestrating anti-viral immune responses in
the lungs (30). If this is the case, stress-related priming of IFN-g responses could have
detrimental influences on asthma symptoms, especially when they have been triggered by viral
infection (1,31).

This study showed that, among children with moderate to severe asthma, acute stress and
chronic family stress interacted to predict asthma symptoms. The pattern of the interaction was
similar to the interaction of acute and chronic stress predicting IL-4, IL-5, and IFN-γ
production. However, in addition to the pattern found with cytokines, chronic family stress
also appears to influence asthma symptoms in the absence of an acute event. Specifically, when
no event had occurred, chronic family stress was positively associated with asthma symptoms,
but to a lesser degree than after an acute event. The difference in patterns for cytokine
production versus symptoms suggests that there are pathways in addition to immune changes
by which chronic family stress can influence symptoms (32).

But, are the observed increases in IL-4, IL-5 and IFN-γ production really relevant to asthma?
To test this question, we also examined the relationship between cytokine production and
asthma symptoms among subjects with higher severity asthma. Results indicated that increased
production of IL-5 was associated with within-person increases in asthma symptoms, and there
was a trend toward a similar effect for IL-4 production. This provides evidence that changes
in IL-5 and IL-4, but not IFN-γ, production are relevant to asthma symptoms.

This study has a number of limitations. First, it is possible that unmeasured variables account
for our effects. For instance, increased risk for infection following life events could explain
the relations of acute events to cytokine production. However, if this were the case, one would
expect to see effects of infection on both the main effect of stressful events as well as the
interaction between acute and chronic stressors. Moreover, the within-person nature of our
analyses and findings precludes most of the alternative explanations for linkages between
stressors and immunity (e.g., genetics, lifestyle factors). Second, it will be important to see
how factors like gender and puberty moderate the effects of double-exposure on cytokine
production; however, in the present study, we did not have enough power to test these 3-way
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interactions. Third, our inability to detect main effects of acute events may reflect the fact that
cytokine production was not always assessed shortly after the stressor occurred, when they
would be most likely to emerge. Future research that examines inflammatory processes within
weeks of the stressful event may be more likely to detect such findings. Fourth, immune
processes were measured from peripheral blood cells. Future studies that are able to obtain
cells directly from the airways would provide important information about more proximal
processes. Fifth, the cytokine production assay used a substance that stimulates cells
nonspecifically, rather than through the antigen-specific pathways that are engaged by most
allergens in the body. However, given that our sample was not selected for a positive response
to any specific allergen, the use of a specific stimulus would not have elicited responses across
all children. Finally, it should be noted that youth were recruited into this study on the basis
of parent reported physician diagnosis of asthma and that physician diagnosis is not always
accurate. However, if we inadvertently included some children who did not truly have asthma,
this in theory would add noise to our measurements, making it more difficult to detect
associations.

Despite these limitations, our findings provide several important contributions to the literature.
First, they suggest that stressor impact is a complex phenomenon- the combination of acute
and chronic stress may be necessary to produce a change in cytokine production. Second, the
immune changes observed among children who had been exposed to acute and chronic stress
are relevant to asthma symptomatology. Third, this type of research contributes to
biopsychosocial models that seek to explain how larger social factors can get “under the skin”
to affect an individual child's health. The fact that experiencing an acute life event on top of
high chronic stress predicts detrimental inflammatory responses suggests that psychosocial
interventions aimed at helping children manage stress could have implications biologically for
children with asthma.

Acknowledgments
This study was supported by funding to Edith Chen from the National Institutes of Health grant HL073975 and the
Canadian Institutes of Health Research. The authors' work was independent of the funders.

Abbreviations
IL  

interleukin

IFN  
interferon

References
1. Wright RJ, Rodriguez M, Cohen S. Review of psychosocial stress and asthma: an integrated

biopsychosocial approach. Thorax 1998;53:1066–1074. [PubMed: 10195081]
2. Sandberg S, Paton JY, Ahola S, McCann DC, McGuinness D, Hillary CR. The role of acute and chronic

stress in asthma attacks in children. Lancet 2000;356:982–987. [PubMed: 11041399]
3. Sandberg S, Jarvenpaa S, Penttinen A, Paton JY, McCann DC. Asthma exacerbations in children

immediately following stressful life events: a Cox's hierarchical regression. Thorax 2004;59:1046–
1051. [PubMed: 15563703]

4. Wright RJ, Cohen S, Carey V, Scott TW, Gold DR. Parental stress as a predictor of wheezing in infancy:
A prospective birth-cohort study. Am J Respir Crit Care Med 2002;165:358–365. [PubMed:
11818321]

5. Klinnert MD, Nelson HS, Price MR, Adinoff AD, Leung DY, Mrazek DA. Onset and persistence of
childhood asthma: predictors from infancy. Pediatrics 2001;108:e69. [PubMed: 11581477]

Marin et al. Page 8

Psychosom Med. Author manuscript; available in PMC 2010 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



6. Gustafsson PA, Kjellman NIM, Bjorksten B. Family interaction and a supportive social network as
salutogenic factors in childhood atopic illness. Pediatr Allergy Immunol 2002;13:51–57. [PubMed:
12000499]

7. Rattanjeet SV, Forsythe P, Vliagoftis H. The role of stress in asthma: Insight from studies on the effect
of acute and chronic stressors in models of airway inflammation. Ann NY Acad Sci 2006;1088:65–
77. [PubMed: 17192557]

8. Chen E, Hanson MD, Paterson LQ, Griffin MJ, Walker HA, Miller GE. Socioeconomic status and
inflammatory processes in childhood asthma: The role of psychological stress. Journal Allergy Clin
Immunol 2006;117:1014–1020. [PubMed: 16675327]

9. Kang DH, Coe CL, McCarthy DO, Jarjour NN, Kelly EA, Rodriguez RR, Busse WW. Cytokine profiles
of stimulated blood lymphocytes in asthmatic and healthy adolescents across the school year. J
Interferon Cytokine Research 1997;8:481–487. [PubMed: 9282829]

10. Segerstrom SC, Miller GE. Psychological stress and the human immune system: a meta-analytic study
of 30 years of inquiry. Psychol Bull 2004;130:601–30. [PubMed: 15250815]

11. Liu LY, Coe CL, Swenson CA, Kelly EA, Kita H, Busse WW. School examinations enhance airway
inflammation to antigen challenge. Am J Respir Crit Care Med 2002;165:1062–1067. [PubMed:
11956045]

12. Hammen, C.; Rudolph, K. UCLA Life Stress Interview for Children: Chronic Stress and Episodic
Life Events Manual. University of Illinois;

13. Hammen C, Adrian C, Hiroto D. A longitudinal test of the attributional vulnerability model in children
at risk for depression. B J Clin Psychol 1998;27:37–46.

14. Rudolph KD, Hammen C. Age and gender as determinants of stress exposure, generation, and
reactions in youngsters: A transactional perspective. Child Dev 1999;70:660–677. [PubMed:
10368914]

15. Adrian C, Hammen C. Stress exposure and stress generation in children of depressed mothers. J
Consult Clin Psychol 1993;61:354–359. [PubMed: 8473589]

16. Monroe SM, Kupfer D, Frank E. Life stress and treatment course in recurrent depression. I: Response
during index episode. Journal of Consulting & Clinical Psychology. J Consult Clin Psychol
1992;60:718–724. [PubMed: 1401387]

17. Hammen C, Henry R, Daley S. Depression and sensitization to stressors among young women as a
function of childhood adversity. J Consult Clin Psychol 2000;68:782–787. [PubMed: 11068964]

18. Miller GE, Chen E. Life stress and diminished expression of genes encoding glucocorticoid receptor
and β2-adrenergic receptor in children with asthma. Proc Natl Acad Sci 2006;103:5496–5501.
[PubMed: 16567656]

19. Schuerwegh AJ, De Clerck LS, De Schutter L, Bridts CH, Verbruggen A, Stevens WJ. Flow
cytometric detection of type 1 (IL-2, IFN-γ) and type 2 (IL-4 and IL-5) cytokines in T-helper and T-
suppressor/cytotoxic cells in rheumatoid arthritis, allergic asthma and atopic disease. Cytokine
1999;11:783–788. [PubMed: 10525317]

20. Magnan AO, Mely LG, Camilla CA, Badier MM, Montero-Julian FA, Guillot CM, Casano BB, Prato
SJ, Fert V, Bongrand P, Vervloet D. Assessment of the Th1/Th2 paradigm in whole blood in atopy
and asthma: increased IFN-γ producing CD8+ T cells in asthma. Am J Respir Crit Care Med
2000;161:1790–1796. [PubMed: 10852746]

21. Bacharier LB, Strunk RC, Mauger D, White D, Lemanske RF, Sorkness CA. Classifying asthma
severity in children: Mismatch between symptoms, medication use, and lung function. Am J Respir
Crit Care Med 2004;170:426–432. [PubMed: 15172893]

22. Raudenbush, SW.; Bryk, AS.; Congdon, RT. HLM Version 6.03. Chigaco: Scientific Software
International; 2006.

23. Miller GE, Cohen S, Ritchey AK. Chronic psychological stress and the regulation of pro-inflammatory
cytokines: A glucocorticoid resistance model. Health Psychol 2002;21:531–541. [PubMed:
12433005]

24. Marin TJ, Martin TM, Blackwell E, Stetler C. Differentiating the impact of episodic and chronic
stressors on HPA axis regulation in young women. Health Psychol 2007;26:447–455. [PubMed:
17605564]

25. Chung KF, Barnes PJ. Cytokines in asthma. Thorax 1999;54:825–857. [PubMed: 10456976]

Marin et al. Page 9

Psychosom Med. Author manuscript; available in PMC 2010 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



26. Barnes PJ. Cytokines as mediators of chronic asthma. Am J Respir Crit Care Med 1994;150:S42–9.
[PubMed: 7952591]

27. Marshall GD, Agarwal SK. Stress, immune regulation, and immunity: applications for asthma.
Allergy and Asthma Proc 2000;21:241–246. [PubMed: 10951892]

28. Marshal GD, Agarwal SK, Lloyd C, Cohen L, Henninger EM, Morris GJ. Cytokine dysregulation
associated with exam stress in healthy medical students. Brain Behav Immun 1998;12:297–307.
[PubMed: 10080859]

29. Chen E, Fisher EB, Bacharier LB, Strunk RC. Socioeconomic status, stress, and immune markers in
adolescents with asthma. Psychosomatic Med 2003;65:984–992.

30. Holtzman MJ, Morton JD, Shornick LP, Tyner JW, O'Sullivan MP, Antao A, Lo M, Castro M, Walter
MJ. Immunity, inflammation, and remodeling in the airway epithelial barrier: epithelial-viral-allergic
paradigm. Physiol Rev 2002;82:19–46. [PubMed: 11773608]

31. Chen E, Miller GE. Stress and inflammation in exacerbations of asthma. Brain Behav Immun
2007;21:993–999. [PubMed: 17493786]

32. Jarvis D, Chinn S, Potts J, Burney P. Association of body mass index and respiratory symptoms and
atopy: results from the European Community Respiratory Health Survey. Clin Exp Allergy
2002;32:831–837. [PubMed: 12047427]

Marin et al. Page 10

Psychosom Med. Author manuscript; available in PMC 2010 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
Predicted values of stimulated interleukin-4 at the 25th and 75th percentiles of chronic family
stress for asthma patients who had and had not experienced a significant life event (n=71).
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Figure 2.
Predicted values of stimulated interleukin-5 at the 25th and 75th percentiles of chronic family
stress for asthma patients who had and had not experienced a significant life event (n=71).
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Figure 3.
Predicted values of stimulated interferon-gamma at the 25th and 75th percentiles of chronic
family stress for asthma patients who had and had not experienced a significant life event
(n=71).
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Figure 4.
Predicted symptom scores at the 25th and 75th percentiles of chronic family stress for asthma
patients who had and had not experienced a significant life event. These data represent a
subgroup of children who have moderate to severe asthma (n=32).
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Table 1
Demographic and health-related characteristics of participants

Characteristic Statistic

Asthma (n=71) Healthy (n=76)

Age (years) 12.77±2.68 12.89±2.34

Sex (males)* 72% 52.6%

Ethnicity (white) 63% 63%

Annual family income (more than $50 000) 81% 69.5%

Asthma severity

 Mild intermittent 16.9% __

 Mild persistent 38.0% __

 Moderate 32.4% __

 Severe 12.7% __

Diary symptomsa 0.71±0.74 __

Atopic asthma 84% __

B-Agonist use† 83% __

Inhaled corticosteroid useb 65% __

Chronic family stressc 2.23±0.66 2.38±0.84

Acute eventsc 16-19% 18.9-31.1%

IL-4 production (pg/mL) 6.79±5.53 9.02±9.77

IL-5 production (pg/mL) 81.90±82.69 91.13±142.46

IL-13 production (pg/mL) 285.36±194.84 317.64±259.09

IFN-γ production (pg/mL) 12373.45±16211.94 13930.88±12797.94

Note. Values represent means ±SDs. Means for cytokine production and diary symptoms were averaged across study visits. We compared the 11% of
participants who had only completed 2 study visits to the larger sample and found no significant differences in cytokine production, but significantly lower
acute and chronic stress. Nevertheless, the group with more complete data (the 89% who had completed 3 or 4 study visits) did still represent the full
range of scores on chronic family stress.

*
Groups were statistically different (p<.05) according to X2-test.

a
Ratings of asthma symptoms were made on a scale from 0 (none) to 4 (really bad). Morning and evening ratings were summed, and these scores were

averaged across the 14 days of sampling.

b
Coded as whether or not the child had been prescribed the medication

c
The average chronic family stress rating corresponds to a mild to moderate level of family stress. An acute event was defined as an event rate 2.5 or

higher. Here we report the range of frequencies of acute events across visits.
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