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Background. Prior studies have suggested a relationship between atopy and mental health, although methodological
barriers have limited the generalizability of these findings. The objective of this study was to investigate the relationship
between early-life atopy and vulnerability to mental health problems among youth in the community.

Method. Data were drawn from the Raine Study (N = 2868), a population-based birth cohort study in Western Australia.
Logistic regression and generalized estimating equations were used to examine the relationship between atopy at ages
1–5 years [using parent report and objective biological confirmation (sera IgE)], and the range of internalizing and ex-
ternalizing mental health problems at ages 5–17 years.

Results. Atopy appears to be associated with increased vulnerability to affective and anxiety problems, compared to
youth without atopy. These associations remained significant after adjusting for a range of potential confounders. No
relationship was evident between atopy and attention deficit hyperactivity disorder or externalizing problems.

Conclusions. Findings are the first linking atopy (measured by both parent report and objective verification) with
increased vulnerability to affective and anxiety problems. Therefore, replication is required. If replicated, future research
aimed at understanding the possible biological and/or social and environmental pathways underlying these links is
needed. Such information could shed light on shared pathways that could lead to more effective treatments for both
atopy and internalizing mental health problems.
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Introduction

The prevalence of allergy among youth appears to
have increased in the past decade with a current preva-
lence estimated at between 6% and 12% among school-
aged children in the United States (Carey & McDevitt,
1978; Oberklaid et al. 1984; Robinson et al. 2011; Dyer &
Gupta, 2013). Allergy is associated with school days
lost, poorer academic performance and increased
healthcare costs for youth.

In recent years, there has been growing interest in
the relationship between allergy and mental health.
Several epidemiologic studies have shown an associ-
ation between allergy and depression (Bell et al. 1991;
Hashiro & Okumura, 1998; Cuffel et al. 1999;
Centanni et al. 2000; Goethe et al. 2001; Timonen et al.

2003a; Goodwin et al. 2006), and, to a lesser extent, be-
tween allergy and anxiety disorders (Cuffel et al. 1999;
Goodwin, 2002) among adults. In early studies using
selected samples, a relationship between allergy and
behavioral inhibition among youth, which is thought
to be closely linked with internalizing problems,
was documented (e.g., Bell et al. 1990). More recent
clinical studies have found an association between
parent-reported physician diagnosis of allergy and in-
ternalizing symptoms among clinically referred youth
(Chang et al. 2013). A small number of epidemiologic
studies have also found links between allergy/atopy
and panic attacks (Kovalenko et al. 2001), personality
traits (Gregory et al. 2009), depression (Timonen et al.
2002, 2003a, b), and suicidal behavior (Timonen et al.
2004; Qin et al. 2011; Brundin et al. 2015; Crawford
et al. 2015). In sum, while there have been numerous
studies on parent-reported allergy and internalizing
disorders (depression, anxiety) among youth, several
issues have remained unaddressed and therefore rela-
tively little is known about the links between atopy
and the range of mental health problems among youth.
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As such, several questions about the relationship be-
tween atopy and mental health among youth remain
unanswered. First, it is unclear whether and to what
degree there is a relationship between allergy and men-
tal health problems among youth in the community, as
previous studies have primarily included either clinical
samples or those conducted in representative samples
have mainly included adults. Second, there is little in-
formation on the specificity of these relationships as
most prior studies have focused only on internalizing
disorders and very few have looked at externalizing
disorders. Third, part of the difficulty in examining
the relationship between allergy and mental health
among youth in the community is that evaluation of al-
lergy is complex. It is not easily performed in a survey
study as it requires some degree of invasive testing.
Self- or parent report of allergy without biological
confirmation is not considered reliable. Similarly, ob-
jective or biological evidence alone is not sufficient as
a positive result here without clinical/subjective report
of symptoms on exposure can reflect sensitivity to vari-
ous allergens, rather than true allergy. To our knowl-
edge, few studies in the world exist with information
on both self-report/parent report of allergy and object-
ive biological data in an unselected, community-based
sample. Fourth, a potential relationship between al-
lergy and mental health problems would be vulnerable
to confounding by a wide range of factors, such as par-
ental mental health problems and family functioning.
Little is known about the possible pathways explaining
a relationship between atopy and mental health pro-
blems among youth (e.g. the role of confounders, po-
tential mediators, common causal risk factors). To
our knowledge, no prior study on atopy and child
mental health has been able to measure or control for
those factors.

The goals of the current study are to begin to address
this gap in knowledge. Using a birth cohort study that
includes measures of parent-report allergy, sera IgE
and well-validated measures of mental health pro-
blems among youth, as well as a wide range of poten-
tially confounding factors, this study investigated the
relationship between early life atopy and mental health
problems in childhood and adolescence.

Method

Participants

The Western Australian Pregnancy Cohort (Raine)
Study, initially established between 1989 and 1992,
consists of 2868 children from Perth, Western
Australia, who have been followed from birth. The
study first began as a pregnancy cohort in which
2900 women were enrolled (representing 90% of

eligible women approached to take part in the
study), approximately 100 women per month for 3
years, at around the 18th week of gestation
(Newnham et al. 1993). The women were enrolled
from the antenatal booking clinics at King Edward
Memorial Hospital (KEMH), the principal tertiary ob-
stetric hospital in Perth, Western Australia. The criteria
for enrolment were gestational age between 16 and 20
weeks, sufficient proficiency in English to understand
the implications of participation, an expectation to de-
liver at the hospital, and an intention to remain in
Western Australia so that follow-up through childhood
would be possible. Mothers were not selected on the
basis of any asthma or atopy criteria. As KEMH is
the only specialist obstetric care center in Western
Australia, the initial sample was at moderate obstetric
risk, and the participating mothers reflect the popula-
tion obtaining obstetrical care in this region. Thus
this is a community-based cohort representing about
20% of all live births in Western Australia, with exclu-
sions only for very-low birthweight or birth defects.
The population was 84% Caucasian, 4% Aboriginal
and 12% other (primarily Asian); reflective of the
population in Western Australia at the time. All chil-
dren were examined at birth and extensive antenatal
data were collected regarding maternal sociodemo-
graphic characteristics, including age and education.
Informed consent was obtained at the time of enrol-
ment in the study and at every subsequent follow-up
and study protocols were approved by the Human
Ethics Committees at KEMH and Princess Margaret
Hospital for Children in Perth, Western Australia.

The cohort attended follow-up visits throughout
childhood at ages 1, 2, 3, 5, 8, 10, 14 and 17 years, con-
sisting of comprehensive behavioral and physical
health questionnaires completed by the primary care-
giver (usually mother). At the 17-year follow-up,
1754 study adolescents and their families completed
all or part of the follow-up (414 deferred participation,
184 were unable to be traced, 480 had withdrawn
and 36 were deceased). The sociodemographic
characteristics of the retained cohort compared with
the original cohort has been published elsewhere
(Tearne et al. 2015). There were complete mental health
data available for 1368 adolescents at the 17-year
follow-up, representing just over 47% of the original
cohort.

Atopy – parent report

At the 5-year follow-up parents were asked some sim-
ple questions about their child’s atopic profile, includ-
ing whether the child suffers from rhinitis (or blocked
nose) or an itchy rash. The study also asked a general
question as to whether the child had an allergy.
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Positive responses to either rhinitis, itchy rash or gen-
eral allergy were counted as a case for parent-reported
atopy. We created a binary variable where 1 = positive,
0 = negative (i.e. no to all).

Atopy – sera IgE

At the age of 5 years, blood samples were collected
allowing for the analysis of serum IgE data. Subjects
were defined as atopic if they had total IgE5 300
kU/l or had specific IgE5 0.35 kU/l for any of the fol-
lowing allergens: HDM (Dermatophagiodes pteronyssi-
nus), rye grass pollen (Lolium perenne), cat, couch
grass (Cynodon dactylon), mould mix-2 (Penicillium nota-
tum, Cladosporium herbarum, Aspergillus fumigatus,
Candida albicans, Alternaria alternata, Helminthosporium
halodes), peanut or food mix-5 (egg white, milk, fish,
wheat, peanut and soybean). We created a binary vari-
able where 1 = positive, 0 = negative.

Mental health problems

The 118-item Child Behavior Checklist for Ages 4–18
(CBCL/4-18) was administered at the 5-, 8-, 10-, 14-
and 17-year follow-ups and completed by the primary
caregiver (Achenbach, 1991).The CBCL demonstrated
good sensitivity (83% overall) and specificity (67%
overall) to a clinical psychiatric diagnosis and good
test–retest reliability in a Western Australian clinical
calibration (Zubrick et al. 1997). The CBCL/4-18 pro-
duces a raw score that was transformed into T scores
(standardized by age and sex) for six problem scales
using the CBCL DSM-Oriented Scales (Achenbach &
Rescorla, 2001). The problem scales are considered
to map well against the diagnostic criteria of the
Diagnostic and Statistical Manual of Mental
Disorders Fourth Edition (DSM-IV) for affective pro-
blems (e.g. major depression, dysthymia), anxiety pro-
blems (e.g. generalized anxiety disorder), somatic
problems (e.g. somatization disorder), attention
deficit hyperactivity problems (e.g. inattentive or
hyperactive-impulsive type disorders), oppositional
defiant problems (e.g. oppositional defiant disorder)
and conduct problems (e.g. conduct disorder) (APA,
2000). For this study, we applied the recommended
clinical cut-off scores (by age and sex) to obtain a bin-
ary variable indicative of clinically significant affective,
anxiety, somatic, attention deficit hyperactivity dis-
order (ADHD), oppositional defiant and conduct pro-
blems. The clinical cut-offs were as specified by the
CBCL DSM-Oriented Scales, and applied to raw scores
normed for age and sex (T5 65). The term ‘clinically
significant’ refers to maladaptive behavior that falls
within a defined clinical range for behavioral problems
(Achenbach, 1991).

Covariates

Demographic data regarding family income, maternal
age and education level were collected at 18 weeks ges-
tation. Mothers were also asked at 18 and 34 weeks
gestation whether or not they had experienced any of
10 major life stress events selected from the 67-item
life stress inventory developed by Tennant &
Andrews (1976). These included: pregnancy problems,
death of a close friend or relative, separation or di-
vorce, marital problems, problems with children, job
loss (involuntary), partner’s job loss (involuntary),
money problems, residential move or other stressful
event. The question on the 18 weeks gestation ques-
tionnaire asked whether any of the events had been
experienced since becoming pregnant and, on the 34
weeks gestation questionnaire, whether any of the
events had been experienced within the last 4 months,
ensuring that the same event was not counted twice.
As with previous studies, responses were recorded as
‘yes’ or ‘no’ in order to maximize effective recall
(Carmichael et al. 2007) and the total number of stress-
ful life events reported in pregnancy was summed.
Information was retrospectively collected at the
8-year follow-up as to whether the mother had ever
been treated for an emotional or mental health prob-
lem, and this was classified according to yes or no
responses.

Maternal allergy

Mothers provided self-reported of their own lifetime
allergy status at the 5-year follow-up assessment.
This information was categorized as a binary variable
representing whether the mother had any allergy
(yes) or no allergy at all (no).

Family functioning

We used the parent-report General Functioning Scale
(GFS) from the McMaster Family Assessment Device
(FAD) administered at the 5-year follow-up as a meas-
ure of family functioning (Epstein et al. 1983). This
short-form scale consists of 12 statements that were
derived from an item analysis of the complete
60-item scale, including questions on problem solving,
family communication, affective responsiveness, and
behavior control. The GFS has excellent reliability [r
(Gutman split-half = 0.83) and internal consistency
(Cronbach’s α = 0.86)] (Byles et al. 1988).

Data analysis

Frequency data were compared for all covariates
according to child allergy status. We used a logistic re-
gression model to examine the relationship between al-
lergy confirmed by parent report only, sera only and
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both parent report and sera data and changes in T
scores reflecting clinically meaningful differences in af-
fective, anxiety, ADHD, oppositional defiant and con-
duct problems from ages 5–17 years (i.e. a score above
the relevant clinical cut-off point for age and sex). The
logistic regressionmodel accounted for loss of independ-
encedue to repeatedobservationsof thesame individuals
over time by incorporating generalized estimating equa-
tions with a first-order autoregressive [AR(1)] working
correlation matrix structure. IBM SPSS v. 23.0 (IBM
Corp., USA) was used for the analyses.

Results

Data on atopic status were available for 1028 children
at age 5. Of these, 27.3% (281) were classified as having
no allergy from both parent-report data and sera ana-
lysis, while 18.0% (185) had a parent-reported allergy
that was not confirmed by sera analysis and 28.6%
(294) had a sensitivity identified by sera analysis that
was not reported by parents. There were 26.1% (268)

subjects with an allergy confirmed by both parent re-
port and sera analysis (Table 1).

Demographic characteristics and childhood allergy

We observed a significant relationship between the
number of stressful life events experienced during
pregnancy and later allergy status, where an increasing
number of stressful life events was associated with a
higher likelihood of parent-reported allergy and of
both parent-reported and sera-confirmed allergy (p =
0.023). Mothers’ own self-reported allergy status (yes)
was also associated with an increased chance of parent
report and combined parent- and sera-reported allergy
in the child (p < 0.001).

ThepercentagesofparticipantswithDSM-IVscalepro-
blems at ages 5, 8, 10, 14 and 17 are presented in Table 2.
We observed more problematic behaviors in the earlier
years of follow-up (5–10 years) than the later years, with
affective, conduct and oppositional defiant problems
being the most common problems in this sample.

Table 1. Frequency data by atopy by parent report and/or sera analysis (N = 1028)a

No atopy
(N = 281)

Parent report only
(N = 185)

Sera analysis only
(N = 294)

Atopy (parent report
and sera) (N = 268)

N n (%) n (%) n (%) n (%) p

Family income 967 0.781
<$ 24 000 pa 107 (40.8) 62 (36.0) 107 (38.6) 97 (37.9)
5$ 24 000 pa 155 (59.2) 110 (64.0) 170 (61.4) 159 (62.1)

Maternal age at conception 1005 0.209
<20 years 23 (8.4) 10 (5.7) 18 (6.3) 14 (5.3)
20–24.9 years 39 (14.2) 32 (18.2) 53 (18.4) 51 (19.2)
25–29.9 years 95 (34.5) 50 (28.4) 65 (22.6) 81 (30.5)
30–34.9 years 75 (27.3) 56 (31.8) 101 (35.1) 76 (28.6)
535 years 43 (15.6) 28 (15.9) 51 (17.7) 44 (16.5)

Maternal education 1003 0.383
<High school completion 155 (56.2) 99 (56.3) 170 (59.6) 139 (52.3)
High school completion 121 (43.8) 77 (43.8) 115 (40.4) 127 (52.3)

Stress events in pregnancy 930 0.023
None 59 (22.6) 27 (17.0) 77 (29.4) 53 (21.4)
1–2 events 121 (46.4) 72 (45.3) 109 (41.6) 97 (39.1)
53 events 81 (31.0) 60 (37.7) 76 (29.0) 98 (39.5)

Maternal history of mental
health problems

957 0.229

No 211 (80.8) 130 (74.7) 226 (81.9) 190 (77.2)
Yes 50 (19.2) 44 (25.3) 50 (18.1) 56 (22.8)

Maternal self-reported
allergy

1020 <0.001

No 200 (71.9) 91 (49.7) 210 (72.2) 125 (46.6)
Yes 78 (28.1) 92 (50.3) 81 (27.8) 143 (53.4)

Family functioning at age 5 976 0.512
Poor 58 (22.2) 30 (16.7) 55 (19.8) 55 (21.4)
Good 203 (77.8) 150 (83.3) 223 (80.2) 202 (78.6)

a Column percentages presented, missing data not presented.
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Childhood mental health problems and childhood
allergy

In the univariate logistic regression analyses, allergy at
age 5 confirmed by parent-report only was associated
with an increased risk for affective (OR = 1.67,
95% CI: 1.08, 2.57), anxiety (OR = 1.77, 95% CI: 1.08,
2.88) and ADHD (OR = 2.63, 95% CI: 1.57, 4.42)
problems from ages 5 through to 17 (See Table 3).
Allergy status reported by both parents and sera ana-
lysis showed only affective (OR = 1.64, 95% CI: 1.09,
2.47) and anxiety (OR = 1.92, 95% CI: 1.20, 3.07)
problems as significantly related to allergy at age 5.
After adjusting for prenatal stress exposure and
mothers’ own self-reported allergy status, childhood
allergy reported by parents and confirmed with sera
analyses was linked with a greater likelihood of
developing an affective (OR = 1.61, 95% CI: 1.05, 2.45)
or anxiety (OR = 1.70, 95% CI: 1.05, 2.76) problem
between the ages of 5 and 17 years.

Discussion

The goals of this study were to investigate the relation-
ship between atopy in early life and risk of mental
health problems in childhood through adolescence.
Our results suggest that atopy in early life may be
associated with increased risk of affective and anxiety
problems in childhood and adolescence, compared
with youth without atopy; this relationship was only
observed when information on atopy came from both
parent report and positive IgE sera, rather than either
alone. Positive sera without parent report was not
associated with mental health. Parent-report atopy
without positive sera was associated with ADHD. To
our knowledge, this is the first study to investigate
the relationship between atopy, measured both by ob-
jective blood test and positive parent report, and men-
tal health problems in a representative, prospective
study. These findings will be discussed in the context

of existing literature and future directions for research
and clinical work below.

Our results are consistent with earlier findings in
clinical samples of higher levels of anxiety symptoms
among youth with allergies (Teufel et al. 2007;
Flokstra‐de Blok et al. 2010). Early studies have sug-
gested that allergy was associated with behavioral in-
hibition. Yet, prior studies have been plagued by
methodological barriers. Specifically, earlier studies
have primarily relied on parent report of allergic status
with an absence of biological confirmation or objective
data. Additionally, objective measures alone are not
sufficient for the diagnosis of a true allergy (v. allergen
sensitivity). The current study is able to address and
overcome this challenge with assessments of atopy
confirmed by both parent report and IgE level. Our
results are fairly consistentwith previous clinical and epi-
demiologic studies suggesting an increasedprevalence of
affective and anxiety problems among youth with atopy.

Several explanations for the associations between
atopy and later mental health problems can be consid-
ered. First, it is conceivable that parents who believe
their children have atopy in the first 5 years of life be-
have differently in their parenting style (e.g. a tendency
toward overprotectiveness) and that these changes
may influence the types of mental health problems to
which these youth are vulnerable. There is a need for
heightened precautions on several fronts when man-
aging a child’s allergy, which could be considered
overprotective behavior. Yet, overprotectiveness is
thought to increase anxiety in children in some cases,
although this could be due to the anxiety in the parent,
which may directly increase anxiety in the child. We
found no association between history of maternal men-
tal health problems and atopy in the child, which
reduces this likelihood. Second, it is plausible that
there are shared predispositions to both atopy and anx-
iety problems/disorder, which result in increased odds
of this co-occurrence. This is consistent with the body

Table 2. Percentage of participants with DSM-IV scale problems at each follow-up with data available for atopic status (n = 1028)a

Year 5 Year 8 Year 10 Year 14 Year 17
(N = 1025) (N = 958) (N = 926) (N = 824) (N = 654)

Affective problems 94 (9.2) 91 (9.5) 77 (8.3) 45 (5.5) 42 (6.4)
Anxiety problems 75 (7.3) 60 (6.3) 49 (5.3) 31 (3.8) 9 (1.4)
ADHD problems 63 (6.1) 53 (5.5) 32 (3.5) 22 (2.7) 4 (0.6)
Oppositional defiant problems 124 (12.1) 99 (10.3) 89 (9.6) 78 (9.5) 41 (6.3)
Conduct problems 121 (11.8) 107 (11.2) 85 (9.2) 52 (6.3) 32 (4.9)

ADHD, Attention deficit hyperactivity disorder.
a Sample size represents those with data for atopic status and DSM-IV scale problems, percentages represent those

participants with problems compared with those without problems at each follow-up.
Values given are n (%).
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of literature showing links between atopy and depres-
sion and anxiety problems (Wamboldt et al. 1996;
Goodwin et al. 2007). Some evidence has suggested
that there could be a common genetic vulnerability to
allergy/atopy and depression (Wamboldt et al. 2000).
Further work is needed to understand the pathways
underlying these relationships.

It is of interest that parent-report-only allergies were
associated with ADHD. There has been growing inter-
est recently in associations between atopy and ADHD
(Chen et al. 2014; Genuneit et al. 2014; Yang et al. 2014).
Our results suggest that the nature of this association
requires closer inspection. ADHD is a disorder that
depends substantially on parent report of symptoms,
to a degree that is not the case with other mental health
issues in childhood. It is of interest that had we relied
solely on parent report or biological evidence alone,
our findings would not have provided a full picture
of the data. This highlights the challenges and import-
ance of measuring allergic status accurately. Using
parent-report data, atopy at age 5 was associated
with a higher risk for ADHD; however, when we
looked at the sera data the ORs appeared to be in the

opposite direction but it is not statistically significant.
It may be that, as already presented, parents who be-
lieve their children have a problem with allergies may
differ from other parents in their parenting style (e.g.
overprotective style) which may lead to an increased
risk for child behavior problems or to a different
perception of child behavior. However, if we use a bio-
logical measure of allergen sensitization alone, there
does not appear to be any relationship between atopy
and mental health problems.

It is conceivable that children whose parents
reported allergy that biological verification did not
confirm did have a true allergy at a young age (1–3
years) which was then outgrown by age 5 years. This
is extremely common with many allergies. As such,
there could be a link between these early life allergies
and increased development of ADHD behaviors,
even though the allergy is outgrown by age 5 and
does not persist (and therefore appears negative to
testing at age 5). There is also some evidence linking al-
lergy and ADHD and suggesting that the rising preva-
lence of each may be related (Chang et al. 2013; Yang
et al. 2014). As such, the lack of biological verification

Table 3. Relationship between child allergy by parent and/or sera analysis and CBCL/DSM-IV problems from ages 5–17

Multivariate logistic GEE model (years 5–17 inclusive)

Affective
problems

Anxiety
problems ADHD problems

Oppositional
defiant
problems

Conduct
problems

Atopy unadjusted neither (ref.) 1.00 1.00 1.00 1.00 1.00
Parent report only
OR (95% CI) 1.67* (1.08–2.57) 1.77* (1.08–2.88) 2.63** (1.57–4.42) 1.43 (0.93–2.19) 1.43 (0.94–2.18)
p 0.021 0.023 <0.001 0.102 0.096

Sera only
OR (95% CI) 0.93 (0.60–1.45) 0.95 (0.58–1.56) 1.29 (0.78–2.13) 0.82 (0.55–1.23) 0.87 (0.57–1.33)
p 0.759 0.847 0.330 0.332 0.527

Both
OR (95% CI) 1.64* (1.09–2.47) 1.92* (1.20–3.07) 1.48 (0.87–2.51) 1.12 (0.75–1.66) 1.07 (0.71–1.60)
p 0.017 0.006 0.144 0.577 0.750

Atopy adjusteda neither (ref.) 1.00 1.00 1.00 1.00 1.00
Parent report only
OR (95% CI) 1.55 (0.97–2.48) 1.53 (0.89–2.64) 2.51** (1.43–4.41) 1.14 (0.71–1.82) 1.20 (0.75–1.91)
p 0.068 0.126 0.001 0.602 0.454

Sera only
OR (95% CI) 1.09 (0.69–1.72) 0.88 (0.52–1.51) 1.40 (0.81–2.43) 0.80 (0.52–1.23) 0.86 (0.55–1.36)
p 0.729 0.646 0.230 0.308 0.524

Both
OR (95% CI) 1.61* (1.05–2.45) 1.70* (1.05–2.76) 1.40 (0.81–2.40) 1.02 (0.68–1.54) 0.94 (0.61–1.43)
p 0.028 0.031 0.226 0.926 0.761

CBCL, Child Behavior Checklist; GEE, generalized estimating equation; ADHD, attention deficit hyperactivity disorder; OR,
Odds ratio; CI, confidence interval.

a Adjusted for mother’s own self-reported allergy and number of stress events in pregnancy.
*p < 0.05, **p < 0.005.
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at age 5 should not necessarily be offered as evidence
that these were not true allergies at some point, and
future work is needed here to tease this apart.

The pathway underlying these observed relation-
ships is not known; there are several possibilities.
The association between atopy and affective and anx-
iety problems is consistent with prior work showing
a link between parent-/child-reported allergy and de-
pression, anxiety and behavior inhibition, but prior
studies have not combined and/or disentangled the
contributions of parent report/self-report and biologic-
al verification in a single study. This is useful toward
efforts to understand the potential social, biological
or psychological pathways underlying atopy and
mental health problems. It is conceivable that there is
some biological pathway underlying the link. Animal
studies have suggested behavioral differences asso-
ciated with IgE responsiveness/allergy and behavior
inhibition/anxiety-like behaviors (Basso et al. 2003;
Nautiyal et al. 2008). This is not inconsistent with our
findings in that behavioral inhibition is commonly con-
sidered a precursor to anxiety, which is linked with
atopy in the current study. Yet, there was no relation-
ship between elevated sera IgE alone and mental
health problems, suggesting it seems unlikely to be op-
erating primarily via a direct biological link between
mental health and IgE levels. As such, it is conceivable
that having a disorder (as indicated by both parent re-
port and positive sera IgE) from an early age that
requires compliance and cooperation, to some degree,
with either medications or behaviors in order to re-
main safe/healthy may increase the likelihood that
youth develop anxiety and/or depressive symptoms
as they may be taught from an early age that certain
behaviors or lack of caution could compromise their
well-being. As the type of allergy is not delineated
here (e.g. environmental, food), it is difficult to specu-
late broadly on whether this it may or may not have
impacted early experiences.

It is also conceivable that an association between al-
lergy and affective/anxiety problems could emerge as a
result of exposure to a prenatal or early life factor that
increases the risk for both. We adjusted for several
such factors (e.g. prenatal stress) and, in this study,
they do not appear to have an impact on these relation-
ships, calling into question whether this pathway is
likely to explain the link. Further work is needed to
understand the pathways underlying these relation-
ships. Future studies that can use clinical diagnoses
of allergy (with combined parent-report/self-report,
objective biological data and clinical information) in
an unselected sample would be an important next
step in understanding these relationships and poten-
tially elucidating the pathways underlying these links
on time.

This study has several limitations and therefore rep-
lication is needed. First, we did not have data related to
the severity of allergy, treatment for allergy, or what
they child’s history of symptoms on exposure was.
Further, if the child had experience severe reactions,
we did not have information on how frequently and
how recently an anaphylactic reaction had occurred.
A history of this experience (e.g. using an epi-pen,
going to the emergency room, being hospitalized)
and its recency could influence results and therefore
we cannot draw conclusions about how atopy and
mental health may influence each other over time.
Second, we did not have complete family history of
mental health problems or allergy. Third, our measures
of maternal allergy were without biological verification.
More detailed investigation into mental health of par-
ents of youth with allergy seems worthwhile both
with respect to the associationwe found, and to examine
whether and to what degree the experience of having a
child with a persistent and potentially life-threatening
condition may impact parents’ mental health. As nu-
merous studies have documented decreased quality of
life among parents and youthwith allergy, this deserves
further study (Le et al. 2013; van der Velde et al. 2013;
Howe et al. 2014).

Conclusion

Our results suggest atopy in early life may be asso-
ciated with increased vulnerability to affective and
anxiety problems in childhood and adolescence.
Future studies that can confirm this and elucidate the
pathway would be useful toward shedding light on
the etiology of both as well. In addition, more data
on links between atopy and specific types of affective
and anxiety problems would be informative. For in-
stance, if atopy is associated with some types of anx-
iety (e.g. separation anxiety disorder) and not others
(e.g. generalized anxiety disorder/worry), or the re-
verse, this may be informative about possible etiologic-
al pathways. If our findings are replicated, and a causal
relationship is found, early prevention programs could
be more widely implemented to help youth and their
families adjust and cope effectively with allergy with-
out compromising mental health.
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