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Abstract
Previous research has shown that parent mental health is associated with asthma morbidity in children. However, the biological pathways explaining these relationships are not known. The present study tested whether parent psychological characteristics could predict
longitudinal changes in inﬂammatory markers in children with asthma and a comparison group of healthy children.
For this, 33 healthy children (17 m/16 f; 13.5 years) and 50 children with asthma (37 m/13 f; 13.3 years) were assessed at two time
points on average 208 days apart. Parent depression (CES-D) and perceived stress (PSS) were assessed at baseline, child depression
(CDI) and anxiety (RCMAS) at follow-up. Asthma-relevant inﬂammatory markers eosinophil cationic protein (ECP) and stimulated
interleukin-4 (IL-4) production were measured at baseline and at follow-up.
Hierarchical regression analyses controlling for asthma severity and medication use revealed that higher levels of parental perceived
stress at baseline were associated with greater increases over time in children’s IL-4 production (b = .29, p = .019) as well as ECP release
(b = .27, p = .004). Additionally, higher levels of parental depression at baseline were associated with increases in ECP over time
(b = .19, p = .046). There was no evidence that these associations were mediated by child depression or anxiety.
These results demonstrate that parental stress and depression at baseline predict increases in children’s inﬂammatory proﬁles over a
six month period. This pattern appeared in both children with asthma and healthy children, and was not due to eﬀects on child psychological states. These changes in inﬂammatory makers may represent one biological mechanism underlying the association between parental distress and child asthma morbidity.
 2007 Elsevier Inc. All rights reserved.
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1. Introduction
Asthma is a chronic condition that aﬀects a large number
of children. In the year 2000, more than ﬁve percent of all children in the United States below 18 years were reported to have
had an asthma attack and, in 1999, asthma was estimated to
be ‘‘responsible for two million emergency department visits,
478,000 hospitalizations with asthma as a primary diagnosis,
and 4426 deaths’’ in the US (NHLBI, 2002).
Research has documented that psychosocial factors play
an important role in childhood asthma. Two of the most
q
Please see Brief Commentary by Angelika Buske-Kirschbaum in this
issue.
*
Corresponding author. Fax: +1 604 822 6923.
E-mail address: juttawolf@psych.ubc.ca (J.M. Wolf).

0889-1591/$ - see front matter  2007 Elsevier Inc. All rights reserved.
doi:10.1016/j.bbi.2007.10.016

prominent psychosocial factors that have been linked to
childhood asthma are parental stress and depression. For
example, parental life stress has been linked to decreases
in functional status and increases in hospitalizations (Weil
et al., 1999), as well as increases in health care service utilization and symptoms (Shalowitz et al., 2001) in children
with asthma. Furthermore, in a prospective study, stressful
life events predicted an increased likelihood of asthma
attacks in the weeks following an event (Sandberg et al.,
2004, 2000). Similar ﬁndings have been reported for
parental depression. Maternal depression has been
linked to health care service utilization and symptoms
(Shalowitz et al., 2001), hospitalizations (Brown et al.,
2006; Weil et al., 1999), and emergency department visits
(Bartlett et al., 2001) in children with asthma. Several
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studies further suggest that maternal depressive symptoms
prospectively predict asthma morbidity (Bartlett et al.,
2004; Klinnert et al., 2001).
In summary, these studies consistently demonstrate that
parental stress as well as parental depression play an
important role in childhood asthma morbidity. Nevertheless, the question that remains is how the psychosocial
experiences of one person (parent) get ‘under the skin’ of
another person (child) to impact physical health. The present study takes one step toward answering this question by
asking whether parent psychological states are linked with
asthma-relevant inﬂammatory processes in children. If so,
this would begin to provide researchers with plausible
mechanistic models for the clinical research linking parent
psychosocial traits to childhood asthma morbidity.
The primary goal of this study was to test the ability of
parental depression and stress to predict children’s inﬂammatory proﬁles. Both parental depression and stress were
included because they are the psychosocial variables most
consistently linked to outcome measures in childhood
asthma. However, perceived stress and depression are different constructs. Perceived stress relates to the extent a
person appraises a situation as stressful, thus involving a
cognitive appraisal process, while depression refers to
changes in mood, which can be temporary or longer lasting
and interfere with daily life (i.e., mood disorder). Therefore
we investigated perceived stress and depression separately
given the possibility that they might each operate via diﬀerent pathways. In order for these associations to be meaningful, it is important to document whether parental
psychological states can predict change over time in inﬂammatory markers relevant to asthma; hence, in the present
study we measured inﬂammatory markers in children twice
over a 6 month period. We were further interested whether
these relationships would be speciﬁc to children with
asthma, and therefore included a comparison group of
healthy children. Lastly, we sought to address the possibility that one reason why parental stress and depression
would be associated with child immune markers is because
parents’ mood inﬂuences children’s mood, which in turn
inﬂuences child’s immunological processes. We therefore
tested whether child depression and anxiety represent one
pathway by which parent psychological states get translated into child biological proﬁles.

Lung, and Blood Institute (NHLBI) guidelines (NHLBI, 1997, 2002)
and 33 children were medically healthy. Both groups of children had to
be free of upper-respiratory illness, such as common cold, bronchitis, or
pharyngitis, in the four weeks prior to each of the two visits at our laboratory, otherwise they were rescheduled. Upper-respiratory illness was an
exclusion criterion because as an infection caused by viral or bacterial
exposure, it could have inﬂuenced the immune markers of interest in this
study. Having a psychiatric illness and having any other chronic medical
illnesses besides asthma were exclusion criteria as well.

2.2. Experimental protocol
Upon arrival at our research center, the study procedure was explained
in detail and written consent was obtained from the accompanying parent,
and assent from the child. A local anesthetic cream (EMLA) was applied
to the child’s arm in preparation for the blood draw. The accompanying
parent was asked to ﬁll out the Perceived Stress Scale (PSS) and the Center
for Epidemiological Studies Depression Scale (CES-D). Meanwhile, blood
for stimulated interleukin-4 (IL-4) and eosinophil cationic protein (ECP)
determination was obtained from the child by antecubital venipuncture.
Six months later, children were asked to come to the laboratory a second time (visit 2). Children ﬁlled out the Child Depression Inventory
(CDI) and the Revised Children’s Manifest Anxiety Scale (RCMAS)
and another blood sample was obtained.

2.3. Parent questionnaires
2.3.1. Perceived Stress
The Perceived Stress Scale (PSS; 10-item version) is a standardized selfreport questionnaire of globally perceived stress (Cohen et al., 1983;
Cohen and Williamson, 1988). The questions ask about how stressful,
overwhelming, and uncontrollable a person has found his/her life during
the last month (e.g., ‘‘In the last month, how often have you felt that
you were unable to control the important things in your life?’’). Items
are answered on a 0 = never to 4 = very scale and are summed, with
higher scores indicating greater perceived stress. The PSS has been demonstrated to have adequate reliability (Cronbach’s alpha = .88) and validity
(Cohen and Williamson, 1988).
2.3.2. Depressive symptoms
Depressive symptoms were assessed using the Center for Epidemiological Studies Depression (CES-D) Scale (Radloﬀ, 1977). The CES-D
has been widely used in clinical trials in both general and psychiatric
populations and has excellent psychometric characteristics (e.g., Cronbach’s alpha = .85). The 20 symptom-related items of the CES-D ask
about how often one experienced depressive cognitions, aﬀect, and
behaviors during the past one week (e.g., feeling depressed and lonely,
having poor appetite and sleep). Scores range from 0 = none of the time
or rarely (less than 1 day) to 3 = most or all of the time (5–7 days).
Scores are summed, with higher scores reﬂecting greater depressive
symptoms. Scores of 16 reﬂect clinically signiﬁcant levels of depressive
symptoms.

2. Study design and methods

2.4. Child questionnaires

2.1. Subjects

2.4.1. Depressive symptoms
The Child Depression Inventory (CDI) is a self-report measure with
high reliability (Cronbach’s alpha = .71–.89) and validity developed to
assess depressive symptoms in 7- to 17-year-old children and adolescents (Kovacs, 1981; Romano and Nelson, 1988). It consists of 27 items
which cover depression-related feelings, thoughts, and behaviors during
the past two weeks, such as sadness, suicidal ideation, sleep, and appetite disturbances. Each item is answered on a scale ranging from
0 = once in a while to 2 = all the time. Items are summed, with higher
scores indicating greater depressive symptoms. A total score of 20 or
higher is indicative of depressive symptoms in the clinical range (Kovacs, 1981).

A total of 83 children and adolescents1 along with one of their parents
were recruited from the Vancouver, BC community through advertisements in newspapers, magazines, and physicians’ oﬃces. Children had
to be between 9 and 18 years of age and English speaking. Fifty children
were physician-diagnosed with asthma according to National Heart,
1

In the following, children and adolescents will be referred to as
children. If not stated otherwise, children will therefore always refer to the
whole group of subjects, not just the younger participant.
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2.4.2. Anxiety
To assess anxiety, the Revised Children’s Manifest Anxiety Scale
(RCMAS) was used (Reynolds and Richmond, 1997a,b). The RCMAS is
a widely-used 37-item self-report measure with excellent psychometric properties (e.g., Kuber-Richardson (KR)20 = .85) that assesses the level and nature of anxiety symptoms in 6- to 19-year-old children and adolescents. For
example, the subject has to decide whether in general, the sentences ‘‘I am
afraid of a lot of things’’, ‘‘Often I feel sick in the stomach’’, or ‘‘I worry when
I go to bed at night’’ are true or not true. The RCMAS consists of three anxiety subscales plus a lie subscale. A total score can be calculated by summing
the three anxiety scales, with higher scores indicating higher anxiety.

90 minutes at room temperature, during which activated eosinophils
release ECP. The ﬁnal measure of ECP concentrations thus combines
ECP found already in the peripheral blood plus ECP released during incubation. After incubation, the blood was centrifuged and serum was frozen
at –20 C until assayed. ECP concentrations were measured using the
ImmunoCAP system (ImmunoCAP 100€; Phadia AB, Uppsala, Sweden).
Brieﬂy, anti-ECP antibodies coupled to ImmunoCAPs bind ECP in the
sample and standards. Then enzyme-labeled anti-ECP antibodies are
added, and the complex is incubated with a developing agent. Fluorescence is measured and ECP concentrations are calculated using the standard curve (reagents: Somagen Diagnostics, Edmonton, AB).

2.5. Inﬂammatory markers

2.6. Control variables

Blood was taken from the child at both visits for assessment of stimulated interleukin-4 (IL-4) production and eosinophil cationic protein concentrations (ECP).
IL-4 is an important cytokine in asthma, as its release by T helper 2
(Th-2) cells induces immunoglobulin E (IgE) production by B cells. IgE
in turn binds to mast cells and causes them to degranulate. This process
initiates an acute inﬂammatory cascade, including the release of histamines and leukotrienes which leads to the typical asthma symptoms of airway constriction and edema (Bacharier and Geha, 2000; Chung and
Barnes, 1999). Importantly, in the present study, we decided to investigate
stimulated IL-4 production for two reasons. Firstly, in vivo IL-4 levels are
extremely low and diﬃcult to measure reliably, although usually higher
levels of serum IL-4 have been found in adults with (acute) asthma
(Hashimoto et al., 1993; Lee et al., 2001; Matsumoto et al., 1994). Secondly, we were speciﬁcally interested in the sensitivity of the immune system, i.e., the magnitude of the immune response to a stimulus. Hence we
chose to stimulate immune cells in vitro with a mitogen and chose an
unspeciﬁc mitogen so that responses between children with asthma and
healthy children could be compared. Other researchers have found that
while average cytokine production in response to unspeciﬁc mitogens
may not diﬀer between groups (Nurse et al., 1997), these stimulation protocols are often useful because factors have been found to predict variability within groups in cytokine response (Chen et al., 2003).
While stimulated IL-4 production assesses the capacity of peripheral
leukocytes to induce this inﬂammatory cascade, this inﬂammatory process
eventually also involves the recruitment of eosinophils to the airways.
Activated eosinophils release among other mediators ECP. ECP has been
shown to have cytotoxic eﬀects against respiratory epithelial cells and to
stimulate mucus production and histamine release, thereby promoting
airway inﬂammation and obstruction. ECP is therefore considered a
marker of on-going inﬂammation (Koh et al., 2007).

Medical variables potentially inﬂuencing inﬂammatory measures were
included as control variables. This included asthma severity and asthma
medication use.
Asthma severity was classiﬁed as mild intermittent asthma, mild persistent asthma, moderate asthma, and severe asthma, according to the procedure described by Bacharier et al. (2004), i.e., based on the NAEPP/
EPR2 Guidelines and using the higher of symptom frequency and medication use.
Asthma medication was assessed by asking participants the number of
times during the past two weeks they had used asthma medications.
Asthma medications were divided into inhaled corticosteroids and b-agonists, and both the number of days a participant used inhaled corticosteroids and the number of days a participant used b-agonists were included
as covariates.

2.5.1. Stimulated interleukin-4 (IL-4) production
Blood was drawn into Cell Preparation Tubes (CPTs; Becton–Dickinson, Franklin Lakes, NJ) containing sodium heparin. After density-gradient centrifugation and three subsequent wash steps, isolated peripheral
blood mononuclear cells (PBMCs) were resuspended in complete culture
medium (RPMI 1640 with Hepes, L-glutamine, 10% FCS, 1% penicillin–
streptomycin; all reagents: Sigma–Aldrich Canada Ltd., Oakville, ON)
in a concentration of 3 · 106 cells/ml. Cells were immediately incubated
with phorbol 12-myristate 13-acetate (PMA; 25 ng/ml f.c.) and ionomycin
(1 lg/ml f.c.) for 48 h at 37 C, 5% CO2 in six-well plates (Sarstedt, Newton, NC). After 48 h, plates were centrifuged and the supernatants were
frozen at –80 C until assayed.
IL-4 levels were determined by a commercially available high-sensitivity enzyme-linked immunosorbent assay (ELISAs, R&D System, Minneapolis, MN). Intra- and inter-assay variance were below 10%. Due to
technical problems, measures of stimulated IL-4 production for both visit
1 and visit 2 were only available for a subgroup of 76 children consisting of
44 children with asthma and 32 healthy children.
2.5.2. Eosinophil cationic protein (ECP)
For measures of ECP concentrations, blood was drawn into serum
tubes (SSTs; Becton–Dickinson, Franklin Lakes, NJ) and incubated for

2.7. Statistical analyses
Data were analyzed using the Statistical Package for the Social Science
Version 11.0.4 (SPSS Institute, Chicago, IL). IL-4 and ECP measures at
each time point were z-transformed to account for any potential non-systematic variation due to laboratory procedures. Analyses followed a twostep approach.
2.7.1. Preliminary analyses
(a) Group diﬀerences: Student’s T-tests and v2 tests were computed to
compare diﬀerences between children with asthma and healthy children
with regard to demographic variables, psychological data (including parent psychological data) and inﬂammatory markers. (b) Pearson correlations were calculated to test associations between parent and child
psychological data. (c) Multiple regressions were computed to test whether
demographic variables (age, gender, age · gender interaction) were associated with any psychological or immune variables.
2.7.2. Hierarchical regression analyses
To test the primary study hypotheses about relationships between parent psychological variables and changes over time in child immunological
parameters, hierarchical regression analyses were calculated. These analyses tested whether the relationship between parent psychological variables
and change in child immune parameters diﬀered by group status using recommended procedures for testing interaction eﬀects in multiple regression
analyses (Aiken and West, 1991). Visit 2 IL-4 production and ECP concentrations formed the dependent variable and all analyses controlled
for visit 1 levels of IL-4 and ECP, respectively. In addition, all regression
analyses controlled for asthma severity and medication (i.e., number of
days over a period of two weeks participant took inhaled corticosteroids
and b-agonists). Regression analyses thus included visit 1 immune variables in step 1, severity and medication variables in step 2, followed by
the main eﬀect of group (asthma vs. healthy; step 3) and the main eﬀect
of parent psychological state (e.g., stress; step 4), and ﬁnally the interaction between group and parent perceived stress in step 5. Identical procedures were followed for testing the role of parent depression. Separate
regressions were conducted predicting ECP changes over time and predicting changes in IL-4 production over time.
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Subsequently, the hypothesis was tested that child psychological state
would mediate some of the relationships between parent psychological
state and child immune parameters. According to Baron and Kenny
(1986), three requirements have to be met to test for mediation: a signiﬁcant association of predictor and outcome variable, predictor and assumed
mediator, and assumed mediator and outcome variable. Thus, ﬁrst correlations were computed between parental questionnaire scores, children’s
questionnaire scores, and children’s immune measure. In case of the three
corresponding associations being signiﬁcant, the above described regressions were repeated, this time adding child depressive symptoms and anxiety levels to the regression models before adding the parent variables, i.e.,
at step 4. Changes in the predictive value of parent psychological state
from signiﬁcant to non-signiﬁcant were considered consistent with the
hypothesis that child psychological state mediated the eﬀects of parental
psychological state on child immune markers.
For all analyses, p-values of p < .05 were considered signiﬁcant.

3. Results
3.1. Preliminary analyses
3.1.1. Demographic variables
See Table 1 for a summary of study variables. Children
with asthma and healthy children did not diﬀer signiﬁcantly in age (t(81) = –0.47, p = .64). With regard to gender, the group of children with asthma consisted of
signiﬁcantly more boys compared to the healthy group
(v2 = 4.42, p = .035). The proportion of mothers versus
fathers participating in the study did not diﬀer by group
(v2 = 0.46, p = .50). Child gender and age was not associated with parent psychological data or child immune measures (age: all p P .13; gender: all p P .103), and
controlling for age and gender did not change the pattern
of results below.

3.1.2. Psychological data
Children with asthma and healthy children did not diﬀer
on depression or anxiety (CDI: t(81) = –1.15, p = .26;
RCMAS: t(81) = –0.06, p = .95). Furthermore, parents of
children with asthma did not diﬀer from parents of healthy
children on depression or stress (CES-D: t(81) = –0.10,
p = .92; PSS: t(81) = 0.34, p = .73). In both parents and
children, the respective two questionnaire scores correlated
highly (CES-D and PSS: r = .75, p < .001; CDI and
RCMAS: r = .79, p < .001). However, parents’ depressive
symptoms and perceived stress scores did not correlate
with children’s depressive symptoms and anxiety scores
(CES-D and CDI: r = –.08, p = .49; CES-D and RCMAS:
r = .05, p = .63; PSS and CDI: r = –.03, p = .76; PSS and
RCMAS: r = .07, p = .52).
3.1.3. Inﬂammatory data
ECP and IL-4 values were detectable in both groups
with similar ranges and variances across children with
asthma and healthy children (see Table 1). However, as
expected, children with asthma showed signiﬁcantly higher
ECP levels than healthy children at both baseline and visit
2 (visit 1: t(81) = 2.18, p = .03; visit 2: t(81) = 2.48,
p = .015). Furthermore, although IL-4 production at visit
1 was higher in healthy children, IL-4 production at visit
2 did not diﬀer in children with asthma compared to
healthy children (visit 1: t(74) = –2.87, p = .005; visit 2:
t(74) = 0.33, p = .74). Both ECP levels, as well as IL-4 productions decreased slightly but signiﬁcantly over time
(ECP: F(1, 82) = 106.7, p > .001; IL-4: F(1, 75) = 155.6,
p > .001).

Table 1
Demographics, questionnaire data, and inﬂammatory data of study participants (mean, range, and SD: standard deviation)

Gender (child)
Age (child)
a

Asthma

Healthy

p

37 male, 13 female

17 male, 16 female

.04*

13.3 (8–18, SD = 2.7)

13.5 (9–17, SD = 2.0)

.64

Asthma severity

8 mild intermittent
22 mild persistent
13 moderate
7 severe

Inhaled corticosteroidsb
b-Agonistsb

4.1 (0–14, SD = 5.8)
4.6 (0–14, SD = 5.9)

CDI (child)
RCMAS (child)
PSS (parent)
CES-D (parent)

6.1 (0–16, SD = 4.5)
6.8 (0–19, SD = 5.3)
16.2 (5–33, SD = 7.0)
10.7 (0–38, SD = 9.0)

7.5 (0–27, SD = 6.1)
6.9 (0–20, SD = 4.6)
15.7 (9–28, SD = 4.1)
10.8 (0–28, SD = 7.0)

.26
.95
.73
.92

ECP visit 1 (lg/l)
ECP visit 2 (lg/l)
IL-4 visit 1 (pg/ml)
IL-4 visit 2 (pg/ml)

13.5 (0.3–47.0, SD = 12.9)
10.7 (0.7–52.9, SD = 10.4)
13.1 (0.5–43.3, SD = 11.0)
7.9 (0.3–41.5, SD = 10.2)

8.2 (1.1–29.6, SD = 6.2)
5.7 (0.8–23.6, SD = 6.0)
21.2 (1.5–56.0, SD = 13.9)
7.1 (0.2–50.1, SD = 11.6)

.03*
.02*
<.01*
.74*

*

p < .05.
Based on medications and symptoms according to NHLBI guidelines (NHLBI, 1997, 2002).
b
Number of days over a period of two weeks participants took inhaled corticosteroids and b-agonists (eight participants were on no medication, 30 were
on inhaled corticosteroids, and 42 were on b-agonists).
a
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3.2. Hierarchical regressions: Changes in children’s immune
parameters
3.2.1. Parents’ perceived stress
We found a main eﬀect of parental perceived stress, such
that higher parental perceived stress at baseline was associated with increases over time in children’s ECP concentrations, explaining 7.2% of the variance in ECP changes over
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time (p = .004, see Fig. 1A and Table 2). The interaction
eﬀect of group · PSS was marginal, indicating that parental perceived stress predicted increases in ECP more
strongly in children with asthma, while healthy children
showed a weaker relationship between parental stress and
changes in ECP (p = .061).
We further found a main eﬀect of parental perceived
stress with regard to changes in IL-4 production, such that
higher parental perceived stress was associated with
increases over time in children’s stimulated IL-4 production (p = .019; see Fig. 1B and Table 2), explaining 7.6%
of variance in changes in IL-4 production. No interaction
of group · PSS was observed (p = .93).
3.2.2. Parents’ depressive mood
Similar to perceived stress, greater parental depressive
symptoms at baseline predicted increases in children’s
ECP levels over time (p = .046, see Table 3), explaining
3.6% of variance in changes in ECP levels. This association
was true for both healthy children and children with
asthma (group · CES-D: p = .12). Contrary, parental
depressive symptoms did not predict changes over time in
children’s stimulated IL-4 production (main eﬀect CESD: p = .19, group · CES-D: p = .96, see Table 3).
3.2.3. Children’s psychological state as mediator?
As mentioned above, neither parents’ depressive symptoms nor perceived stress scores correlated with children’s
depressive symptoms and anxiety scores. This was also true
when calculated for children with asthma and healthy children separately (asthma CES-D and CDI: r = –.11,
p = .45; CES-D and RCMAS: r = .02, p = .87; PSS and
CDI: r = –.07, p = .65; PSS and RCMAS: r = .10, p = .49;
healthy CES-D and CDI: r = –.04, p = .82; CES-D and
RCMAS: r = .12, p = .51; PSS and CDI: r = .03, p = .85;
PSS and RCMAS: r = –.01, p = .96) and when additionally
controlling for asthma severity and medication in the former
group (CES-D and CDI: r45 = –.12, p = .43; CES-D and
RCMAS: r45 = .03, p = .82; PSS and CDI: r45 = –.09,
p = .56; PSS and RCMAS: r45 = .09, p = .56).
A signiﬁcant association of predictor and assumed mediator is one central requirement that has to be met to test for
mediation (Baron and Kenny, 1986). Since none of the parent psychological variables correlated with the child psychological variables, no further mediational testing was
conducted.
4. Discussion

Fig. 1. (A) Scatterplot of parent perceived stress (PSS) predicting changes
over time in ECP levels in children with asthma (ﬁlled circles) and healthy
children (clear circles; PSS: p = .004, group: p = .42). Regression line is
shown for the total group, i.e., including both children with asthma and
healthy children. (B) Scatterplot of parent perceived stress (PSS) predicting changes over time in IL-4 production in children with asthma (ﬁlled
circles) and healthy children (clear circles; PSS: p = .019, group: p = .58).
Regression line is shown for the total group, i.e., including both children
with asthma and healthy children.

The results of the present study demonstrate that parental stress and parental depression at baseline predict
increases in children’s inﬂammatory proﬁles over a six
month period. This pattern appeared in both children with
asthma and healthy children, and could not be explained
by child psychological states.
The present data are the ﬁrst we are aware of that longitudinally link parent psychological states to changes over

Author's personal copy

438

J.M. Wolf et al. / Brain, Behavior, and Immunity 22 (2008) 433–441

Table 2
Hierarchical regression analyses predicting changes in ECP concentrations and changes in IL-4 productions from parental perceived stress (PSS)
t

b
1.

ECP visit 1

2.

p

DR2

DF

df1, df2

DFp

.272

30.29

1, 81

<.001*

.52

5.50

<.001*

Asthma severity
icsa
b-Agonists

–.08
.23
–.11

–0.81
1.31
–0.65

.42
.20
.52

.031

1.14

3, 78

.34

3.

Group

–.18

–0.82

.42

.006

0.67

1, 77

.42

4.
5.

PSS
PSS-by-group

.27
–.19

2.98
–1.90

.004*
.061

.072
.028

8.86
3.61

1, 76
1, 75

.004*
.061

1.

IL-4 visit 1

.01

0.09

.93

.000

0.01

1, 74

.93

2.

Asthma severity
icsa
b-Agonists

–.05
–.12
.02

–0.42
–0.57
0.09

.68
.57
.93

.010

0.25

3, 71

.86

Group

–.16

–0.56

.58

.004

0.31

1, 70

.58

.019*

.076
.000

5.77
0.01

1, 69
1, 68

.019*
.93

3.
4.
5.
*

a

PSS
PSS-by-group

.29
.01

2.40
0.09

.93

p < .05.
p < .10.
Inhaled corticosteroids.

Table 3
Hierarchical regression analyses predicting changes in ECP concentrations and changes in IL-4 productions from parental depressive symptoms (CES-D)
p

DR2

DF

df1, df2

DFp

5.50

<.001*

.272

30.29

1, 81

<.001*

Asthma severity
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time in inﬂammatory markers in children. Speciﬁcally,
parental perceived stress as well as parental depressive
mood predicted increases in children’s ECP levels over
the following six months and parental perceived stress predicted increases in stimulated IL-4 production in children
over the following six months. Parents’ stress thereby
accounted for 7.2–7.6% of the variance in children’s inﬂammatory measures. These changes in inﬂammatory proﬁles
over time could have detrimental implications, particularly
for children with asthma. Both IL-4 and ECP are closely
connected to the inﬂammatory processes leading to asthma

symptoms such as airway constriction/obstruction and
edema (Bacharier and Geha, 2000; Chung and Barnes,
1999; Koh et al., 2007). Thus, they may represent one biological mechanism underlying the association between
parental distress and childhood asthma morbidity found
in previous research (Beautrais et al., 1982; Boyce et al.,
1977; Sandberg et al., 2004, 2000; Shalowitz et al., 2001;
Weil et al., 1999).
So far, only a few studies have examined the eﬀects of
parental stress and depression on children’s biology. These
studies are generally consistent with the present study. For
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example, among young children predisposed to atopy, high
levels of parental stress over time were associated with
higher immunoglobulin E levels and increased proliferative
responses to selected antigens (Wright et al., 2004). However, because immune outcomes were only measured once
in this study, it is not clear how parental stress aﬀects
change in these markers over time. In healthy children ages
5–10, natural killer cell function was found to be enhanced
when parents reported more chronic stress (Wyman et al.,
2007). A couple of studies have investigated eﬀects of parent mental health on biological proﬁles, speciﬁcally cortisol, in children. Young et al. (2006) reported that
children in families where one parent had current major
depression showed higher cortisol basally and elevated cortisol in response to diﬀerent doses of dexamethasone. In
contrast, Yehuda et al. (2002) showed that if both parents
had posttraumatic stress disorder, the adult oﬀspring had
lower 24-h cortisol excretion.
In the present study, we extended previous research by
including a group of children with a chronic medical illness
and found that relationships between parent psychological
states and child inﬂammatory markers were similar in children with asthma and healthy children. The only hint of a
diﬀerence between groups was a marginal group · stress
interaction for ECP, suggesting that the relationship
between stress and ECP changes over time was stronger
among children with asthma. This is in line with previous
ﬁndings (Casey et al., 2004; Zuckerman and Beardslee,
1987). The similarity in patterns of associations between
parental stress and depression and children’s immune measures across children with asthma and healthy children suggests some intriguing possibilities about how psychosocial
factors might contribute to disease. The current study ﬁndings suggest that psychosocial factors may be able to alter
immune processes, but that this link is not suﬃcient to
cause disease, given that these relationships were present
in children with no chronic illnesses. Rather, psychosocial
factors may need to be accompanied by other exposures
(e.g., physical environment triggers) or by underlying vulnerabilities (e.g., genetic predisposition) for the immune
changes to inﬂuence disease course (Chen and Miller,
2007).
In addition, the connection between parents’ psychosocial states and children’s inﬂammatory proﬁles appeared
to be generally stronger for parental perceived stress compared to parental depression, given that parental depression predicted changes in ECP levels over time, but not
changes in IL-4 production. This ﬁnding suggests that
parental stress may have more robust eﬀects across various
child inﬂammatory markers perhaps because children are
more attune to the stresses their parents experience than
they are to the emotional states of their parents.
The present data did not ﬁnd support for the hypothesis
that one reason for these associations is because of the
eﬀects of parent psychological distress on child distress,
which in turn inﬂuences children’s inﬂammatory proﬁles.
Although child distress may be one of the most obvious
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pathways, given the links between child anxiety/depression
and asthma morbidity (Fritz et al., 1987; Goodwin et al.,
2003; Kaptein, 1982; Miller, 1987; Ortega et al., 2002;
Strunk et al., 1985), our ﬁndings as well as others suggest
that there may be other pathways explaining links between
parental distress and child inﬂammatory proﬁles (Wade
et al., 1997). For example, Wright et al. (1998), suggest that
parent perceived stress may have eﬀects on children’s perceptions of control and self-eﬃcacy, both of which are predictive of health outcomes. Another possibility is that
distress inﬂuences families’ problem-solving and asthmamanagement skills (Bartlett et al., 2004; Fehrenbach and
Peterson, 1989; Kaugars et al., 2004). Future research
should probe these types of variables to better understand
pathways connecting parental psychosocial states and children’s biological proﬁles, and in turn, health outcomes.
Limitations to the present study include the use of questionnaires, rather than interviews, to assess parental stress
and depression. Furthermore, we were also limited in the
variables that we could test as mediators of the relationship
between parent psychological state and child inﬂammatory
proﬁles. Not all study variables were assessed at all time
points, and hence for example, we could not test associations with changes in child psychological variables over
time. While this might not be an issue with regard to the
child anxiety measure, which shows high stability over long
periods of time (e.g., nine months; Reynolds, 1981), it
could be an issue with the child depression measure, which
has a reference period of two weeks. Future studies are
needed to more comprehensively test the role of child mood
as a mediator between parent psychological state and child
inﬂammatory proﬁles. It should further be noted that
parental depression and perceived stress explained between
3.6% and 7.6% of the variance in immune measures. These
modest eﬀect sizes suggest that there are a variety of other
factors that likely contribute to changes in children’s
inﬂammatory proﬁles over time. Future studies are needed
to determine the relative importance of psychosocial factors when considered in conjunction with other contributors to inﬂammation. Lastly, future studies should assess
not only whether changes in biological markers are linked
to changes in clinical asthma outcomes, but also whether
the described relationships can be found in healthy children
and children with chronic illnesses for other immune markers beyond those directly related to asthma.
In sum, the present study addressed the intriguing question of how parents’ psychological states come to impact
the health of their child. Our ﬁndings are the ﬁrst we are
aware of to show that high parental stress and depression
prospectively predict increases in inﬂammatory markers
in children over a six month period. Interestingly, these
relationships emerged in both children with asthma and
healthy children, and could not be explained by children’s
own levels of anxiety and depression.
The present ﬁndings have several implications. They
suggest that children are sensitive to parents’ psychological
distress and may internalize it biologically. Among children
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with asthma, this biological proﬁle of elevations in inﬂammatory markers over time may impact morbidity outcomes
such as symptoms. Furthermore, although healthy children
might not be symptomatic, they do show the same biological responses as children with asthma and thus are important to study in terms of identifying children who might be
at risk for future health problems. Finally, future research
is needed to understand the family and child factors that
explain how parent psychosocial states come to be linked
to child health. The present study represents a ﬁrst important step in this direction, and suggests that interventions
targeting parents’ psychosocial characteristics may be beneﬁcial, at least biologically, to their children.
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