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Socioeconomic status and inflammatory
processes in childhood asthma: The role
of psychological stress
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Vancouver, British Columbia, Canada
Background: Although social environment variables such as

socioeconomic status (SES) have been linked to childhood

asthma, little is known about the psychobiological mechanisms

underlying this relationship.

Objectives: The goal of this study was to investigate

relationships among SES, psychological stress, and immune

processes implicated in asthma.

Methods: Thirty-seven children ages 9 to 18 years, physician-

diagnosed with asthma, and 39 healthy children participated.

Families were interviewed about chronic life stress, perceptions

of threat, and SES. Blood samples were drawn from children to

assess stimulated production of cytokines implicated in asthma

(IL-4, IL-5, IL-13) and eosinophil counts.

Results: In children with asthma, lower SES was associated

with heightened production of IL-5 and IL-13 and higher

eosinophil counts (P values < .05). Lower SES also was

associated with higher chronic stress and perceived threat (both

groups: P values < .05). Higher levels of stress and threat

perception were associated with heightened production of IL-5

and IL-13, and higher eosinophil counts in children with

asthma (P values < .05). Statistical mediation tests revealed that

chronic stress and threat perception represented statistically

significant pathways between SES and immune processes in

children with asthma (P values < .05). In healthy children,

associations were in the opposite direction from the asthma

group, though generally not significant.

Conclusion: This is one of the first studies to document

empirically a psychobiological explanation for the epidemio-

logic relationship between low SES and poor asthma outcomes.

Clinical implications: Associations among SES, psychological

stress, and immune pathways suggest that the experience of

stress, particularly among lower SES children, has implications

for childhood asthma morbidity. (J Allergy Clin Immunol

2006;117:1014-20.)
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Children from lower socioeconomic status (SES) back-
grounds are at greater risk for a variety of poor health
outcomes.1-3 For example, they are more likely to have
asthma as well as adverse asthma-related events, such as
hospitalizations.4-6 Moreover, this relationship is linear,
such that increasing SES confers increasing health benefits
across the SES spectrum.7,8 A variety of explanations has
been proposed for the SES gradient in asthma morbidity.
These include greater exposure to allergens, reduced
access to care, and gene by environment interactions.9-12

Recently, explanations have begun to focus on the role
of psychosocial factors.13-16

Stress, in particular, has been suggested to be an
important contributor to asthma.17,18 For example, in chil-
dren with asthma, high levels of ongoing chronic stress
plus an acute negative life event increased risk for an
asthma attack within 2 weeks of the event.19 In addition,
higher levels of caregiver stress prospectively increased
risk of wheezing in infants.20 Furthermore, stress has
been linked to inflammatory pathways implicated in
asthma, such as TH2 cytokines. For example, in a sample
of patients with asthma, a stressful event (taking a school
examination) was associated with enhanced production of
IL-5 compared with the response seen in healthy control
adolescents.21 In patients with asthma, school examina-
tions also were associated with higher eosinophil counts
and heightened IL-5 production after antigen challenge
relative to a low stress period (no examination).22 In a
mouse model of allergic bronchial asthma, stress was
associated with increased airway reactivity, increased
allergy-induced airway inflammation, and higher eosinophil
levels.23 Cumulatively, these findings highlight immuno-
logic pathways through which psychosocial variables
such as stress may plausibly affect asthma outcomes.

However, few studies have directly tested whether
these psychological and biological pathways could explain
SES effects on asthma morbidity. In this study, we tested
whether SES was associated with psychological stress and
TH2 cytokine production in children with asthma. Second,

Abbreviations used
FVC: Forced vital capacity

SES: Socioeconomic status
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we tested whether psychological stress constituted 1 path-
way linking SES and asthma inflammatory processes.
Finally, we compared children with asthma with a group
of healthy children to determine whether relationships
among SES, stress, and cytokine production differed
depending on chronic illness status.

METHODS

Patients

Seventy-six children were recruited from Vancouver through

advertisements in physicians’ offices, local media, and community

settings. Thirty-seven were physician-diagnosed with asthma (82%

with allergic asthma), and 39 were free of chronic medical illness.

All children were 9 to 18 years old, fluent in English, free of acute

respiratory illness at the time of their visit (by parent and child report),

and had no chronic illnesses other than asthma. Children gave written

assent, and parents provided written consent. The protocol was

approved by the University of British Columbia Research Ethics

Board.

Psychosocial measures

Socioeconomic status was measured by parent report in 2 ways

reflecting family resources: the amount of assets (savings, invest-

ments, and so forth) that a family could easily convert to liquid cash in

an emergency (family savings), and whether the family owned their

own home. These measures are used by the MacArthur Research

Network on Socioeconomic Status and Health (http://www.macses.

ucsf.edu), are standard measures in SES research,24,25 and are signif-

icantly correlated with each other as well as with prestige-based SES

measures, such as parent education and occupation.

Stress was measured in 2 ways: chronic life stress, and percep-

tions of threat. Chronic stress was assessed with the University

of California Los Angeles Life Stress Interview.26 This interview

assesses chronic stress over the period of the past 6 months, focusing

on family relationships, friendships, school, and home life (parental

work stress, family member health, and neighborhood quality). In

each domain, an interviewer rated the extent of chronic stress on a

1 to 5 scale with higher numbers reflecting more severe, persistent

difficulties. Perceptions of threat were measured by using the Cogni-

tive Appraisal and Understanding of Social Events videos,27 which

depicted age-appropriate ambiguous life situations. Children were

probed about their interpretation of each situation, and threat interpre-

tations were coded by raters on a 5-point scale, with higher numbers

reflecting greater perceived threat. This measure assesses differences

in perceptions of threat across individuals when presented with iden-

tical situations. The stress experience is theorized to be composed of

both the occurrence of a stressful event and the individual’s psycho-

logical response to the event (perception of stress).28 In the current

study, we assess perception with a measure that has been validated

in adolescents and shown to explain SES differences in cardiovascu-

lar outcomes.29

Immune measures

After assessing psychosocial stress, peripheral blood was drawn

into BD Vacutainer Cell Preparation Tubes (Becton Dickinson,

Franklin Lakes, NJ) containing sodium heparin, and 3 3 106

PBMCs were isolated through density-gradient centrifugation.

PBMCs were resuspended in culture medium consisting of RPMI

plus 10% FCS and incubated with phorbol 12-myristate 13-acetate

(25 ng/mL) and ionomycin (1 ug/mL) for a period of 48 hours at

37�C in 5% CO2. Supernatants were frozen until the end of the study,

and then assayed to determine levels of IL-4, IL-5, IL-13, and IFN-g
using ELISAs. Intra-assay coefficients of variance ranged from

3.68% to 4.76%. A complete blood count with differential was per-

formed to enumerate eosinophil count.

Potential confounders

Pulmonary function was evaluated through spirometry according

to American Thoracic Society guidelines.30 FEV1 and forced vital

capacity (FVC) were derived and calculated as a percent of predicted

values on the basis of age, sex, ethnicity, and height. Families brought

children’s asthma medications to the research center, and inhaled

corticosteroid use was coded (yes/no), as was b-agonist use (yes/

no). Note that using number of doses of medications produced the

same pattern of results described below.

Statistical analyses

Our analyses consisted of 4 sets of tests: (1) associations of SES

with stress, (2) association of SES with immune processes, (3)

associations of stress with immune processes, and (4) statistical

mediation tests of the pathway SES/stress/immune. Hypotheses

were tested by using analysis of covariance for categoric variables

(home ownership) and multiple regression for continuous variables

(SES, stress). In analyses predicting immune measures, potential

confounds described above were modeled as covariates, and then

medical group, SES/stress, and the interaction of group by SES/stress

were entered.

RESULTS

Preliminary analyses

Table I describes the sample characteristics. Children
with asthma and healthy children were similar in age,
sex, ethnic background, and SES. Controlling for demo-
graphic factors, including age, sex, ethnicity, and puber-
tal status, did not change the pattern of results reported.
Children with asthma were similar in chronic life stress
and perceived threat compared with healthy children,
but they had higher eosinophil counts (t 5 4.10; P <
.001) and lower FEV1 (t 5 2.02; P < .05). The groups
did not differ on production of cytokines or FVC.
Children with allergic asthma did not differ from children
with nonallergic asthma on any immune outcomes
(t values ranging from 0.12 to 1.33; P values > .15);
thus, all children with asthma were considered as a single
group to compare with healthy children. Across all chil-
dren, FEV1 and FVC were negatively correlated with
immune variables, including IL-5, IL-13, and eosinophil
count (P values < .05).

SES and stress

ANOVAs revealed that owning a home was associated
with lower stress in both healthy children and children
with asthma. Children living in homes owned by their
parents had lower chronic family stress (F 5 20.70; P <
.001), chronic home stress (F 5 47.76; P < .001), and
perceived threat (F 5 10.52; P < .01). There was no sig-
nificant interaction between home ownership and medical
status, indicating that home ownership had the same effect
on stress across the 2 groups of children.

A similar pattern was evident for family savings: chil-
dren from families with lower savings had more chronic

http://www.macses.ucsf.edu
http://www.macses.ucsf.edu
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family stress (b 5 2.47; t 5 3.25; P < .01), chronic home
stress (b 5 2.68; t 5 5.66; P < .001), chronic school stress
(b 5 2.36; t 5 2.33; P < .05), and perceived threat
(b 5 2.40; t 5 2.80; P < .01). There were no significant
interactions between savings and medical group status in
predicting stress.

SES and immune measures

Analyses of covariance indicated that the relationships
between SES and immune processes differed for children
with asthma versus healthy children. Medical group status
interacted with home ownership to predict production of
IL-4 (F 5 7.56; P < .01), IL-5 (F 5 5.11; P < .05), IL-13
(F 5 3.88; P < .05), and eosinophil count (F 5 4.69; P <
.05). Among children with asthma, production of cyto-
kines and eosinophil count were higher when families
rented their home than when families owned their own
home. In contrast, among healthy children, production
of cytokines did not differ when families rented versus
owned their own home (see Fig 1 for illustrative
examples).

A similar pattern was evident in analyses with the
family savings. Significant interaction effects emerged for
group status by family savings for production of IL-5
(b 5 2.34; t 5 2.13; P < .05) and IL-13 (b 5 2.39; t 5

2.50; P < .05) and for eosinophil counts (b 5 2.42; t 5

3.38; P < .01). Among children with asthma, this associ-
ation was negative: lower SES was related to greater pro-
duction of IL-5 and IL-13 and higher eosinophil counts
(see Fig 2 for an illustrative example). These findings in-
dicate that in children with asthma, the association
between SES and adverse immune outcomes is evident

TABLE I. Descriptive information of sample

Asthma Healthy

Age (y) 13.2 6 2.8 13.4 6 2.1

Sex (males) 64% 52%

Ethnicity (white) 62% 73%

FEV1 (% predicted)* 98.1 6 15.4 103.1 6 9.3

FVC (% predicted) 105.8 6 15.3 107.2 6 11.0

b-Agonist use� 77%

Inhaled corticosteroid use� 58%

Family savings $10,000 to

$19,000

$10,000 to

$19,000

Own home 62% 61%

Chronic stress—family (1-5) 2.4 6 0.8 2.2 6 0.9

Chronic stress—home (1-5) 2.6 6 0.8 2.6 6 0.9

Chronic stress—school (1-5) 2.3 6 1.0 2.2 6 0.9

Chronic stress—friends (1-5) 2.1 6 0.7 2.3 6 0.8

Perceived threat (22 to 12) 20.3 6 1.3 20.4 6 1.3

IL-4 (pg/mL) 24.9 6 31.9 32.6 6 32.2

IL-5 (pg/mL) 134.9 6 87.1 121.2 6 99.1

IL-13 (pg/mL) 629.1 6 372.3 480.6 6 335.5

IFN-g (pg/mL) 31,622 6 23,292 43,555 6 50,567

Eosinophil count

(3109 cells/L)*

0.38 6 0.31 0.16 6 0.14

Values represent means 6 SDs.

*Asthma and healthy groups differ at P < .05.

�Coded as whether or not child had used medication in previous 2 weeks.
across categoric (home ownership) and continuous (fam-
ily savings) indicators of SES. In contrast, among healthy
children, associations between SES and immune out-
comes were positive, but not significant. No associations
with IFN-g were found in either group (Table II).

Stress and immune measures

Correlations among the different indicators of stress
ranged from r 5 .12 to .48. Regression analyses revealed
that the relationships between stress and immune pro-
cesses also differed for children with asthma versus

FIG 1. Differences in production of IL-5 and IL-13 for families who

rent their homes versus families who own their own home by

medical group status.

FIG 2. Top panel, Association of family savings with production of

IL-13 among children with asthma. Bottom panel, Association of

chronic home stress with production of IL-13 among children

with asthma.
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healthy children. Significant interaction effects emerged
for group status by chronic family stress for production
of IL-5 (b 5 .54; t 5 3.31; P < .01) and IL-13 (b 5

.54; t 5 3.32; P < .01). Among children with asthma,
higher family stress was associated with greater produc-
tion of IL-5 and IL-13. In contrast, among healthy chil-
dren, higher stress was associated with lower IL-5 and
IL-13 (Table II).

Similar interaction effects emerged for group status by
chronic home stress for IL-5 (b 5 .44; t 5 2.73; P < .01),
IL-13 (b 5 .39; t 5 2.42; P < .05), and eosinophil count
(b 5 .34; t 5 2.42; P < .05). As with chronic family stress,
among children with asthma, higher levels of home stress
were associated with higher IL-5, IL-13, and eosinophil
counts (Fig 2). In contrast, among healthy children, higher
home stress was associated with lower levels of these
immune processes, although associations were not sig-
nificant (Table II). No interaction effects were found for
chronic stress related to school or friendships.

For perceived threat, significant interactions with group
status were found for production of IL-5 (b 5 .40; t 5

2.48; P < .05) and eosinophil counts (b 5 .30; t 5 2.13;
P < .05). Among children with asthma, greater threat
interpretations were associated with marginally higher
production of IL-5 and significantly higher eosinophil
counts, whereas among healthy children, greater threat
interpretations were associated with marginally lower
IL-5 (Table II). No associations were found for chronic
stress or perceived threat with IL-4 or IFN-g.

Stress as a pathway?

Although this study was observational and cross-sec-
tional, and thus we were not able to determine whether
SES influences stress, which in turn influences immune
processes, we were able to conduct statistical mediation
tests to assess whether our data are consistent with such an
explanation. To do this, we applied the Sobel test with the
distributional properties recommended by MacKinnon
et al.31 This statistic tests the significance of the indirect
pathway (SES/stress/immune) using a products of
coefficient test, with z > .97 indicating a statistically sig-
nificant pathway. Pathways were tested only within the
group of children with asthma, given that the SES-immune
and stress-immune associations were significant only in
this group.

We first tested pathways between SES (family savings)
and production of IL-5 among children with asthma.
Chronic family stress formed a significant pathway linking
savings and IL-5 (z 5 1.58; P < .05), as did chronic home
stress (z 5 1.69; P < .05). In addition, perceived threat
emerged as a significant pathway linking savings and
IL-5 (z 5 1.07; P < .05).

We next tested pathways between savings and produc-
tion of IL-13 in children with asthma. Chronic family
stress formed a significant pathway linking savings and
IL-13 (z 5 1.63; P < .05), as did chronic home stress (z 5

1.17; P < .05). In addition, threat interpretations emerged
as a significant pathway between savings and IL-13
(z 5 .98; P < .05).
Last, we tested pathways between SES and eosinophil
counts in children with asthma. In this case, chronic family
stress and chronic home stress did not form statistically
significant pathways (z 5 .92 and .13, respectively).
However, threat interpretations did emerge as a significant
pathway linking savings and eosinophil counts (z 5 1.17;
P < .05).

When we directly compared the effects of chronic
family stress, chronic home stress, and threat interpreta-
tions, we found evidence that family stress and threat
interpretations formed the strongest pathways in children
with asthma. When the 3 stress variables were included
simultaneously in regression equations of statistical me-
diation (identical to above, but with 3 possible mediators
instead of 1), family stress (z 5 1.60; P < .05) and threat
interpretations (z 5 1.42; P < .05) each independently
formed significant pathways between SES and IL-13,
but home stress did not. For SES and IL-5, only family
stress independently emerged as a significant pathway
(z 5 1.32; P < .05). Finally, as reported, threat interpre-
tations, but not family or home stress, were a significant
pathway between SES and eosinophil count. Overall,
these findings are consistent with the explanation that
psychological stress serves as 1 pathway linking lower
SES and heightened inflammatory processes in children
with asthma.

Alternative explanations for the
role of stress?

It is possible that stress is confounded with other
commonly implicated factors in asthma, and that in the
analyses described, stress merely serves as a proxy for
them. Thus, we tested whether factors such as exposure to
pets, exposure to smoke, and child smoking might explain
our findings. To do this, we ran a new set of analyses
statistically controlling for each of these variables. After
adjusting for pet exposure, child exposure to smoke, and
child’s smoking status, all interactions between chronic
family stress by medical group, chronic home stress by

TABLE II. Regression coefficients for SES/stress and

immune processes by medical group

Asthma b Healthy b

SES and IL-5 2.28� .22

SES and IL-13 2.38* .21

SES and eosinophil count 259*** .03

Chronic family stress and IL-5 .52** 2.26�
Chronic family stress and IL-13 .55** 2.24

Chronic home stress and IL-5 .40* 2.23

Chronic home stress and IL-13 .40* 2.16

Chronic home stress and eosinophil count .41** 208

Perceived threat and IL-5 .28� 2.29�
Perceived threat and eosinophil count .37* 2.06

For SES, IL-4 and IFN-g did not show a significant group by SES interaction,

and thus coefficients are not presented separately by group. Similarly, for

outcomes in which there were no significant interaction effects of group by

stress, coefficients are not presented separately by group.

�P < .10; *P < .05; **P < .01; ***P < .001.
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medical group, and perceived threat by medical group
remained significant. These findings indicate that stress’s
association with inflammatory processes is independent
of these other potential asthma triggers.

DISCUSSION

The current study demonstrated in a sample of children
with asthma that (1) lower SES is associated with height-
ened production of the TH2 cytokines IL-5 and IL-13 and
higher eosinophil counts, (2) lower SES is associated with
higher levels of chronic stress and greater perceptions of
threat, (3) higher levels of chronic stress and perceived
threat are associated with heightened production of IL-5
and IL-13 and eosinophil counts, and (4) chronic stress
and perceived threat explain much of the relationship
between SES and immune processes.

These findings provide some of the first empirical
evidence connecting factors across epidemiologic, psy-
chological, and biological levels of analysis. At the epi-
demiologic level, researchers have documented that lower
SES is associated with poorer asthma outcomes, such as
higher hospitalization rates.5,32 However, this research has
not generally probed the mechanisms behind such rela-
tionships. Biopsychosocial models of asthma13,33 have
proposed that psychological factors such as stress contrib-
ute to asthma pathogenesis via activation of autonomic,
hypothalamic-pituitary-adrenal, and immune pathways.
Our findings are consistent with the predictions of these
models, and suggest that these pathways may explain
SES gradients in asthma. Specifically, our results are con-
sistent with the view that stress operates as a pathway link-
ing SES with immune dysregulation, which in turn may
contribute to asthma morbidity. Previous research on
stress-immune relationships supports this notion, finding
that caregiver stress early in life is associated with total
IgE and allergen-induced proliferation in young children
predisposed to atopy.34

Our findings are consistent with the linear SES-health
relationship observed at the epidemiologic level.7,35 In the
current study, we found that SES had linear associations
with chronic stress and perceived threat, and in turn, that
chronic stress and perceived threat had linear relationships
with cytokine production and eosinophil counts in chil-
dren with asthma. In previous pilot research, we docu-
mented group differences in cytokine production among
children with asthma from low versus high SES neighbor-
hoods.36 Other researchers have demonstrated effects of
low versus high SES on cytokines in healthy individ-
uals,37,38 and on IgE levels in a sample with high rates
of allergic disease.39 However, this is the first study to
document psychobiological explanations for the linear
SES effect in children with asthma.

In the current study, we focused on inflammatory pro-
cesses implicated in asthma. Researchers have proposed
that asthma involves activation of TH2 cells, which pro-
mote B-cell proliferation and differentiation and antibody
synthesis through secretion of cytokines such as IL-4,
IL-5, and IL-13. These cytokines are believed to be impor-
tant in the orchestration of airway inflammation and
hyperresponsiveness.40-43 In addition, eosinophil counts
are associated with symptoms and severity of asthma.44,45

Thus, our findings of associations between lower SES
and increased production of IL-5 and IL-13 as well as
higher eosinophil counts in children with asthma suggest
that these immune profiles may help explain the poorer
clinical profiles that many lower SES children with asthma
have.

Among healthy children, associations between stress
and immune processes were generally nonsignificant,
and if any trend emerged, it was in the opposite direction
from children with asthma. These findings suggest that in
healthy children, stress does not have a potent influence on
the immune response, although in some cases it is able to
diminish TH2 cytokine production. The latter pattern is
consistent with the general literature on stress and immu-
nity in healthy individuals. A meta-analysis of this work
showed that chronic stressors are associated with down-
regulation of cellular immunity, as manifest by reduced
natural killer cell activity, blunted lymphocyte prolifera-
tion, and diminished cytokine production.46,47 Collec-
tively, these findings suggest that stress affects the
immune system differently in healthy children and chil-
dren with asthma. Apart from stress effects, group aver-
ages for stimulated cytokine production did not differ
for children with asthma versus healthy children; how-
ever, children with asthma did have higher eosinophil
counts. This suggests that in our sample, asthma is associ-
ated with indicators of ongoing inflammation (eosinophil
counts), but not with the extent of stimulated cytokine pro-
duction. This may reflect the fact that many of the patients
in our sample had mild, well controlled disease. These pat-
terns could also suggest gene by environment interactions,
in which different genetic predispositions interact with the
social environment (eg, stress) to produce different effects
in healthy versus asthmatic children. Future studies that
test social environmental factors would add to existing
knowledge about physical environment factors, such as
air pollutants and respiratory viruses, in gene-environment
studies of asthma.17,48

One alternative explanation for the study findings is that
inflammatory processes may affect the stress that families
experience, rather than stress affecting immune processes,
as our model implies. Although we cannot rule out this
explanation because of the cross-sectional design of the
study, we believe it is a less compelling explanation for
2 reasons. First, this explanation is difficult to apply to
SES-immune associations, because immune processes
in the child are unlikely to affect the SES of the parents.
Second, if asthma-related inflammatory processes shape
the stresses that families experience, one might expect
these processes to be associated with a greater effect of
asthma on the family. However, no significant associations
were found between asthma-related effects on the family
or caregiver and immune measures in this study (data
not presented). This suggests that general life stresses re-
late to immune processes, rather than immune processes
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affecting the specific stresses and burdens of asthma on the
family.

Limitations of the current study include the small
sample and the cross-sectional observational design. It
was not possible to manipulate either SES or life stress
experiences experimentally in this study. However, future
research could study these relationships prospectively to
determine whether changes in SES precede changes in
stress and changes in asthma inflammatory processes.
In addition, in a study such as this one with no obvious
clinical benefit, it was not feasible to withdraw children
from current medications, so we had to control statistically
for medication usage in analyses. It should be noted that
the cytokine production assay used a substance that
stimulates cells generally, rather than a stimulus specific
to asthma (eg, a specific allergen). We recruited a com-
munity sample and did not select for positive response to
any specific allergen; thus, a more specific stimulus would
not have elicited a response across all children in this
sample. In addition, immune processes were measured
from peripheral blood cells. Future studies that are able to
obtain cells directly from the airways using techniques
such as bronchoalveolar lavage would provide important
information about more proximal processes. Finally, this
study focused on the role of 1 primary psychosocial factor,
stress. Future studies are needed that evaluate in detail
the relative contributions of stress versus other factors
(eg, allergen exposure, health behaviors, health care access)
in the SES-asthma relationship.

Overall, our findings suggest that across all children,
growing up in a lower SES family is associated with
experiencing greater chronic life stress, both at home and
at school, consistent with previous research showing that
lower SES children are more vulnerable to family conflict
and poor quality family relationships49,50 and higher inci-
dences of neighborhood violence,51 and are more likely to
struggle academically.52 In addition, children from lower
SES families are more likely to perceive a given situation
as threatening compared with higher SES children faced
with the same situation. This suggests that lower SES chil-
dren not only experience more objective life stressors but
also subjectively experience the same situation as more
stressful.

In turn, these stress experiences are associated with
biological processes in children with asthma. The chronic
difficulties children with asthma face in their home and
family life, as well as perceptions of threat, were associ-
ated with heightened production of cytokines implicated
in asthma and higher levels of basal eosinophils. This
suggests that stress dysregulates immune processes in
children with asthma, possibly shifting responses toward a
TH2 profile, as well as sensitizing the TH2 system to
responding more aggressively to allergen exposure.21,22,34

In addition, chronic stress may affect other biological sys-
tems—for example, producing a hypoactive hypothala-
mic-pituitary-adrenal axis,53 which in turn might not be
able to regulate inflammatory processes adequately, or
activating the parasympathetic nervous system,54 which
could then operate together with inflammation to constrict
bronchial airways. These processes might then have impli-
cations for exacerbations of clinical symptoms in children
with asthma and high stress. Overall, these findings help
advance our understanding of how the larger social context
(eg, SES) may affect the lives of children with asthma
in a manner that has implications for biological health
outcomes.

REFERENCES

1. Chen E, Matthews KA, Boyce WT. Socioeconomic differences in chil-

dren’s health: how and why do these relationships change with age?

Psychol Bull 2002;128:295-329.

2. Starfield B, Robertson J, Riley AW. Social class gradients and health in

childhood. Ambul Pediatr 2002;2:238-46.

3. Starfield B, Riley AW, Witt WP, Robertson J. Social class gradients

in health during adolescence. J Epidemiol Community Health 2002;56:

354-61.

4. Litonjua AA, Carey VJ, Weiss ST, Gold DR. Race, socioeconomic fac-

tors, and area of residence are associated with asthma prevalence. Pediatr

Pulmonol 1999;28:394-401.

5. Claudio L, Tulton L, Doucette J, Landrigan PJ. Socioeconomic factors

and asthma hospitalization rates in New York City. J Asthma 1999;36:

343-50.

6. Ernst P, Demissie K, Joseph L, Locher U, Becklake MR. Socioeconomic

status and indicators of asthma in children. Am J Respir Crit Care Med

1995;152:570-5.

7. Adler NE, Boyce T, Chesney MA, Cohen S, Folkman S, Kahn RL, et al.

Socioeconomic status and health: the challenge of the gradient. Am

Psychol 1994;49:15-24.

8. Marmot MG, Kogevinas M, Elston MA. Social/economic status and

disease. Ann Rev Public Health 1987;8:111-35.

9. Lanphear BP, Kahn RS, Berger O, Auinger P, Bortnick SM, Nahhas

RW. Contribution of residential exposures to asthma in US children

and adolescents. Pediatrics 2001;107:1-7.

10. Weiss ST. Gene by environment interaction and asthma. Clin Exp

Allergy 1999;29:96-8.

11. Nelson HS, Szefler SJ, Jacobs J, Huss K, Shapiro G, Sternberg AL. The

relationships among environmental allergen sensitization, allergen

exposure, pulmonary function, and bronchial hyperresponsiveness in

the Childhood Asthma Management Program. J Allergy Clin Immunol

1999;104:775-85.

12. Finkelstein JA, Brown RW, Schneider LC, Weiss ST, Quintana JM,

Goldman DA, et al. Quality of care for preschool children with asthma:

the role of social factors and practice setting. Pediatrics 1995;95:389-94.

13. Wright RJ, Rodriguez M, Cohen S. Review of psychosocial stress

and asthma: an integrated biopsychosocial approach. Thorax 1998;53:

1066-74.

14. Bloomberg GR, Chen E. The relationship of psychological stress with

childhood asthma. Immunol Allergy Clin North Am 2005;25:83-105.

15. Lehrer P, Feldman J, Giardino N, Song HS, Schmaling K. Psychological

aspects of asthma. J Consult Clin Psychol 2002;70:691-711.

16. Szefler SJ, Apter AJ. Advances in pediatric and adult asthma. J Allergy

Clin Immunol 2005;115:470-7.

17. Wright RJ, Cohen RT, Cohen S. The impact of stress on the development

and expression of atopy. Curr Opin Allergy Clin Immunol 2005;5:

23-9.

18. Wright RJ. Stress and atopic disorders. J Allergy Clin Immunol 2005;

116:1301-6.

19. 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;356:982-7.

20. Wright RJ, Cohen S, Carey V, Weiss ST, Gold DR. Parental stress as a

predictor of wheezing in infancy: a prospective birth-cohort study. Am J

Respir Crit Care Med 2002;165:358-65.

21. Kang D, Coe C, McCarthy DO, Jarjour NN, Kelly EA, Rodriguez RR,

et al. Cytokine profiles of stimulated blood lymphocytes in asthmatic

and healthy adolescents across the school year. J Interferon Cytokine

Res 1997;17:481-7.



J ALLERGY CLIN IMMUNOL

MAY 2006

1020 Chen et al

A
sth

m
a

d
ia

g
n
o
sis

a
n
d

tre
a
tm

e
n
t

22. 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;165:1062-7.

23. Joachim RA, Quarcoo D, Arck PC, Herz U, Renz H, Klapp BF. Stress

enhances airway reactivity and airway inflammation in an animal model

of allergic bronchial asthma. Psychosom Med 2003;65:811-5.

24. Krieger N, Williams DR, Moss NE. Measuring social class in US public

health research: concepts, methodologies, and guidelines. Ann Rev

Public Health 1997;18:341-78.

25. Juster FT, Smith JP, Stafford F. The measurement and structure of house-

hold wealth. Labour Econ 1999;6:253-75.

26. Hammen C. Generation of stress in the course of unipolar depression.

J Abnorm Psychol 1991;100:555-61.

27. Chen E, Matthews KA. Development of the Cognitive Appraisal and Under-

standing of Social Events (CAUSE) videos. Health Psychol 2003;22:106-10.

28. Cohen S, Kessler RC, Underwood LG. Measuring stress: a guide for

health and social scientists. New York: Oxford; 1995.

29. Chen E, Langer DA, Raphaelson YE, Matthews KA. Socioeconomic

status and health in adolescents: the role of stress interpretations. Child

Dev 2004;75:1039-52.

30. American Thoracic Society. Standardization of spirometry, 1994 update.

Am J Respir Crit Care Med 1995;152:1107-36.

31. MacKinnon DP, Lockwood CM, Hoffman JM, West SG, Sheets V.

A comparison of methods to test mediation and other intervening varia-

ble effects. Psychol Methods 2002;7:83-104.

32. Goodman DC, Stukel TA, Chang C. Trends in pediatric asthmahospitalization

rates: regional and socioeconomic differences. Pediatrics 1998;101:208-13.

33. Cohen S, Rodriguez M. Stress, viral respiratory infections, and asthma.

In: Skoner DP, editor. Asthma and respiratory infections. New York:

Marcel Dekker; 2001. p. 193-208.

34. Wright RJ, Finn P, Contreras JP, Cohen S, Wright RO, Staudenmayer J,

et al. Chronic caregiver stress and IgE expression, allergen-induced pro-

liferation, and cytokine profiles in a birth cohort predisposed to atopy.

J Allergy Clin Immunol 2004;113:1051-7.

35. Adler NE, Boyce WT, Chesney MA, Folkman S, Syme SL. Socioeco-

nomic inequalities in health: no easy solution. JAMA 1993;269:3140-5.

36. Chen E, Fisher EB Jr, Bacharier LB, Strunk RC. Socioeconomic status,

stress, and immune markers in adolescents with asthma. Psychosom Med

2003;65:984-92.

37. Brydon L, Edwards S, Mohamed-Ali V, Steptoe A. Socioeconomic sta-

tus and stress-induced increases in interleukin-6. Brain Behav Immun

2004;18:281-90.
38. Steptoe A, Owen N, Kunz-Ebrecht S, Mohamed-Ali V. Inflammatory

cytokines, socioeconomic status, and acute stress responsivity. Brain

Behav Immun 2002;16:774-84.

39. Lewis SA, Weiss ST, Platts-Mills TAE, Syring M, Gold DR. Association

of specific allergen sensitization with socioeconomic factors and allergic

disease in a population of Boston women. J Allergy Clin Immunol 2001;

107:615-22.

40. Chung KF, Barnes PJ. Cytokines in asthma. Thorax 1999;54:825-57.

41. Bacharier LB, Geha RS. Molecular mechanisms of IgE regulation.

J Allergy Clin Immunol 2000;105:S547-8.

42. Barnes PJ. Cytokines as mediators of chronic asthma. Am J Respir Crit

Care Med 1994;150:S42-9.

43. Marshall GD, Agarwal SK. Stress, immune regulations, and immunity:

applications for asthma. Allergy Asthma Proc 2000;21:241-6.

44. Kamfar HZ, Koshak EE, Milaat WA. Is there a role for automated

eosinophil count in asthma severity assessment? J Asthma 1999;36:153-8.

45. Ying S, Humbert M, Barkans J, Corrigan CJ, Pfister R, Menz G, et al. Ex-

pression of IL-4 and IL-5 mRNA and protein product by CD41 and CD81

T cells, eosinophils, and mast cells in bronchial biopsies obtained from

atopic and nonatopic (intrinsic) asthmatics. J Immunol 1997;158:3539-44.

46. 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.

47. Herbert TB, Cohen S. Stress and immunity in humans: a meta-analytic

review. Psychosom Med 1993;55:364-79.

48. Holgate ST. Genetic and environmental interaction in allergy and asthma.

J Allergy Clin Immunol 1999;104:1139-46.

49. Conger RD, Conger KJ, Elder GH, Lorenz FO, Simons RL, Whitbeck

LB. A family process model of economic hardship and adjustment of

early adolescent boys. Child Dev 1992;63:526-41.

50. McLoyd VC. The impact of economic hardship on black families and

children: psychological distress, parenting, and socioemotional develop-

ment. Child Dev 1990;61:311-46.

51. Finkelhor D, Dziubaleatherman J. Children as victims of violence: a

national survey. Pediatrics 1994;94:413-20.

52. McLoyd VC. Socioeconomic disadvantage and child development.

Am Psychol 1998;53:185-204.

53. Fries E, Hesse J, Hellhammer J, Hellhammer DH. A new view on hypo-

cortisolism. Psychoneuroendocrinology 2005;30:1010-6.

54. Miller BD, Wood BL. Psychophysiologic reactivity in asthmatic chil-

dren: a cholinergically mediated confluence of pathways. J Am Acad

Child Adolesc Psychiatry 1994;33:1236-44.


	Socioeconomic status and inflammatory processes in childhood asthma: The role of psychological stress
	Methods
	Patients
	Psychosocial measures
	Immune measures
	Potential confounders
	Statistical analyses

	Results
	Preliminary analyses
	SES and stress
	SES and immune measures
	Stress and immune measures
	Stress as a pathway?
	Alternative explanations for the role of stress?

	Discussion
	References


