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Atopic diseases in children and adolescents
are associated with behavioural difficulties
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Abstract

Background: Atopic diseases and behavioural difficulties in children have both been on the rise in recent decades.
This study seeks to assess associations between atopic diseases and behavioural difficulties, examining the
differences considering child age and how behavioural difficulties were reported (via self-report or parent-report).

Methods: Data on behavioural difficulties, assessed through the Strengths and Difficulties Questionnaire (SDQ), and
on atopic diseases, assessed through the participant’s medical history, were available for 2701 study participants
aged 3 to 18 years. Associations between atopic diseases and behavioural difficulties were evaluated using linear
regression analyses. We split the study sample into two groups. I: 3-to 10-year-olds/parent-reported SDQ (n = 1764),
II: 11- to 18-year-olds/parent-reported SDQ (n = 937) and self-reported SDQ (n = 915). All analyses were adjusted for
age, gender, and socioeconomic status.

Results: In younger children, atopic dermatitis was strongly associated with higher total difficulties scores, more
emotional problems and conduct problems, and more symptoms of hyperactivity/inattention. Parents reported
higher total difficulties scores, more emotional problems, and more peer-relationship problems for adolescents with
bronchial asthma and other allergies, whereas the adolescents themselves reported more peer relationship
problems.

Conclusion: In younger children, atopic dermatitis is associated with internalizing and externalizing problems. In
adolescents, bronchial asthma and other allergies are associated with a greater level of internalizing problems only.
The findings further suggest that parents of adolescents are more likely to perceive associations between atopic
diseases and behavioural difficulties than the adolescents themselves.
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Background
Atopic diseases are common among children and adoles-
cents [1], with both bronchial asthma (BA) and atopic
dermatitis (AD) becoming increasingly prevalent in recent
years [2–4]. In Germany, the prevalence of BA is approxi-
mately 6.3% and the prevalence of AD approximately
14.3% [4]. Each of these diseases can cause a range of
problems, including physical, psychological and social im-
pairment [5]. Like atopic diseases, behavioural difficulties
are already common and are becoming increasingly preva-
lent, with 17.2% of children and adolescents in Germany
currently affected [6]. Both atopic diseases, especially BA
and AD, and behavioural difficulties usually develop dur-
ing childhood and adolescence [7, 8].
Generally, children and adolescents with chronic illness

are at a higher risk of developing mental health problems
such as depression and anxiety [9]. As a common form of
chronic impairment in childhood and adolescence, atopic
disease is no exception [10]. Previous research postulated
a higher likelihood for behavioural difficulties in children
and adolescents with atopic diseases due to social implica-
tions [11], negatively affected brain development [12, 13]
or side effects of allergy medication [14].
Regarding AD, several different studies reported that

children and adolescents with AD have a higher preva-
lence of behavioural difficulties compared to healthy
children and adolescents, for example conduct problems,
emotional problems and increased symptoms of hyper-
activity/inattention [5, 15, 16]. Although most studies
postulate that AD precedes the development of behav-
ioural difficulties, it is likely that the relationship is bidir-
ectional [17, 18]. The relationship between AD and
attention-deficit/hyperactivity disorder (ADHD) has
been of particular interest and many studies have found
a strong association between these conditions [19, 20].
Concerning BA, a recently published German study

found that people with BA have a higher risk of suffering
from anxiety, social phobias and affective disorders [3].
Furthermore, an association has been reported between
BA and ADHD [19]. Moreover, Goodwin et al. (2013)
proposed that the risk of developing behavioural difficul-
ties is correlated with the severity of BA [21]. Therefore,
it is possible that the association of BA and behavioural
difficulties is not significant for children and adolescents
with merely mild BA [21]. At this point, it must be men-
tioned that the most recent report of GINA – the Global
Initiative for Asthma – recommends categorizing pa-
tients in epidemiological studies or clinical trials by the
type of treatment that they are prescribed [22]. Goodwin
et al. (2013), however, assessed the severity of asthma by
parental report of clinical symptoms [21], possibly lead-
ing to differing results concerning asthma severeness.
Goodwin et al. (2013) further demonstrates that the

relationship between BA and behavioural difficulties is

only valid for children and adolescents with current BA,
indicating that children and adolescents who have suf-
fered from BA in the past but have “outgrown” it over
time are not at a higher risk of experiencing behavioural
difficulties [21].
Similar results have been reported for other allergies,

such as allergic rhinitis, allergic conjunctivitis and food al-
lergies. Like AD, allergic rhinitis and conjunctivitis seem
to be associated with ADHD [19], while food allergies in
children and adolescents appear to be related to internal-
izing problems [23], and externalizing difficulties [24].
Although several studies have investigated associations

between atopic diseases and behavioural problems, most
of these have focused on one specific disease or behav-
ioural difficulty (i.e. AD, ADHD etc). Our study aims to
investigate associations between various atopic diseases
and several behavioural difficulties. Furthermore, to the
best of our knowledge, no previous study has investi-
gated whether associations between atopic diseases and
behavioural difficulties differ depending on the inform-
ant (child or parent). Previous studies report a possible
parent-child disagreement in the reporting of behav-
ioural difficulties [25, 26]. This suggests that associations
between atopic diseases and behavioural difficulties
might also be influenced by the informant. Therefore,
our study investigates how these associations vary de-
pending on whether it is the children and adolescents
themselves or their parents who are reporting on behav-
ioural difficulties. For the assessment of behavioural dif-
ficulties, we used an instrument (Strengths and
Difficulties Questionnaire - SDQ) for which differences
in child- and parent - reports have been observed in pre-
vious studies [25, 26].
We hypothesized a positive association between atopic

diseases and behavioural difficulties, particularly between
atopic diseases and both internalizing and hyperactivity/
inattention problems. Moreover, we hypothesized that
this association might differ depending on the age of
children and adolescents. Given that reports on behav-
ioural difficulties of parents versus children were shown
to differ significantly, we furthermore hypothesized vary-
ing results concerning these associations depending on
the informant of behavioural difficulties.

Methods
Study sample
This study is part of the LIFE Child study, a prospective,
longitudinal cohort study exploring normal child devel-
opment, atopic diseases and obesity in children and ado-
lescents [27]. The present project is a cross-sectional
study using data collected between 2011 and 2017. We
included data for all study participants aged 3 to 18 years
who had provided information on atopic diseases and
behavioural difficulties. In the case of multiple study
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visits per child, only the data collected at the first study
visit were included. In the case of siblings attending the
study, only the youngest child was considered. We split
our study sample into two groups. The first group (child
sample) included children aged 3 to 10 years (mean
age = 6.1, range = 2.5–10.5) with behavioural difficulties
assessed by parents. In this group, 1764 children (936
boys and 828 girls) were analysed. The second group
(adolescent sample) included 937 adolescents (454 boys
and 483 girls) aged 11 to 18 years (mean age = 13.3,
range = 10.5–17.9), whose behavioural difficulties were
assessed both by themselves (self-report) and by their
parents (parent-report). In this age group, self-reported
information was missing for 22 adolescents, resulting in
a subsample of 915 adolescents (444 boys and 471 girls).
For more detailed information concerning the study
sample, see Fig. 1.

Allergies
In order to assess atopic diseases, the study participants’
parents were interviewed about the children’s and

adolescent’s medical history and whether they suffered
from BA, AD or any other allergies (AOA, i.e. allergic
rhinitis, allergic conjunctivitis, food allergies). In doing
so, we did not differentiate by the severity of the disease.
A child was defined as having an atopic disease if the
parents informed that the diagnosis was confirmed by a
physician.

Behavioural difficulties
To assess behavioural difficulties, we used the Strengths
and Difficulties Questionnaire (SDQ), as it is a well-
established screening instrument for the assessment of
behavioural difficulties and exists in a parent-, teacher-
and self-report version. The questionnaire contains 25
items in five sub-scales: “emotional problems”, “conduct
problems”, “hyperactivity/inattention”, and “peer rela-
tionship problems” (representing “difficulties”) as well as
the sub-scale “prosocial behaviour” (representing
“strengths”) [28]. Scores for the four difficulties sub-
scales are added to produce a total difficulties score [28].
Each sub-scale produces a score ranging from 0 to 10

Fig. 1 Composition of the study sample in the present study accounting for exclusion criteria
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points. Consequently, the total difficulties score ranges
from 0 to 40 points. A higher score indicates a greater
degree of behavioural difficulties (or strengths) [28]. An-
other advantage of the SDQ is the categorization into
two dimensions, combining the “emotional problems”
and “peer relationship problems” sub-scales as an “in-
ternalizing” dimension and the “conduct problems” and
“hyperactivity/inattention” sub-scales as an “externaliz-
ing” dimension [29]. In the present study, only the diffi-
culties scales and the total difficulties score were
analysed, as our focus was on children’s and adolescent’s
behavioural difficulties rather than strengths. We used
the parent-report and self-report versions of the
questionnaire.

Socioeconomic status
Socioeconomic status (SES) was assessed using the
Winkler-Stolzenberg-Index, which summarizes informa-
tion about each parent’s education, occupational status
and monthly net household income. Winkler-
Stolzenberg-Index scores can be classified into three cat-
egories: 3–8.4 points equates to low SES, 8.5–15.4 points
to medium SES and 15.5–21 points to high SES [30]. In
the case of differing scores between mother and father,
the higher score was used in the analysis.

Statistical analysis
Data analysis was performed using R version 3.4.3 [31].
Associations between behavioural difficulties and atopic

diseases were evaluated using multiple linear regression
analyses. The single behavioural difficulties scales of the
SDQ were included as dependent variables, and either
BA, AD or AOA was included as an independent vari-
able. All analyses were controlled for age, gender, and
SES.

Results
Descriptive analysis
Table 1 shows the percentages of the different atopic
diseases and the average behavioural difficulties scores,
separated by sample. In the child sample, 5.8% (n = 102)
suffered from BA, 17.4% (n = 307) suffered from AD and
12.0% (n = 212) suffered from AOA. In the adolescent
sample, 9.1% (n = 85) suffered from BA, 26.4% (n = 247)
suffered from AD and 23.4% (n = 219) suffered from
AOA. Concerning behavioural difficulties, the highest
total difficulties scores were seen in the adolescent sam-
ple (self-report) with a mean total difficulties score of
10.8 (SD = 5.1). The lowest scores were seen in the ado-
lescent sample (parent-report) with a mean total difficul-
ties score of 9.0 (SD = 6.0). In all samples, the highest
sub-scale scores were observed in the “hyperactivity/in-
attention” sub-scale (see Table 1). In both the child sam-
ple and the adolescent sample (parent-report), the
lowest scores were seen in the “peer relationship prob-
lems” scale. In contrast, in the adolescent sample (self-
report), the lowest scores were observed in the sub-scale
“conduct problems” (see Table 1).

Table 1 Description of allergies and behavioural difficulties in the present sample

Child samplea

(n = 1764)
Adolescent sampleb

(n = 937)

Age (mean (SD)) 6.1 (2.5) 13.3 (1.9)

Gender (n (%)) male: 936 (53.1) male: 454 (48.5)

female: 828 (46.9) female: 483 (51.5)

SESc

Lowc (n (%)) 208 (11.8) 162 (17.3)

Mediumc (n(%)) 1031 (58.4) 574 (61.3)

Highc (n(%)) 525 (29.8) 201 (21.4)

Parent-report Self-report

SDQ total difficulties score (mean (SD)) 9.4 (5.2) 9.0 (6.0) 10.8 (5.1)

SDQ sub-scale “emotional problems” (mean (SD)) 1.9 (1.9) 2.4 (2.1) 2.7 (2.1)

SDQ sub-scale “peer relationship problems” (mean (SD)) 1.4 (1.6) 1.8 (1.9) 2.4 (1.8)

SDQ sub-scale “hyperactivity/ inattention” (mean (SD)) 3.9 (2.4) 3.0 (2.4) 3.8 (2.1)

SDQ sub-scale “conduct problems” (mean (SD)) 2.1 (1.6) 1.9 (1.7) 1.9 (1.5)

Bronchial Asthma (n (%)) 102 (5.8) 85 (9.1) 85 (9.3)

Atopic Dermatitis (n (%)) 307 (17.4) 247 (26.4) 238 (26.0)

Any other allergies (n (%)) 212 (12.0) 219 (23.4) 217 (23.7)
aChild sample = children aged 3 to 10 years (parent-report version of the SDQ)
bAdolescent sample = adolescents aged 11 to 18 years (parent-report version and self-report version of the SDQ)
cWinkler-Stolzenberg-Index (WSI), low SES =WSI 3–8.4, medium SES =WSI 8.5–15.4, high SES = WSI 15.5–21
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Associations between behavioural difficulties and atopic
diseases
Tables 2, 3 and 4 show the regression coefficients, confi-
dence intervals and p-values for the regression analyses.
The results are visualized in Fig. 2.

Child sample
Both BA and AD were associated with higher scores in
the “total difficulties score” (b = 1.07, p = 0.038 for BA
and b = 1.20, p < 0.001 for AD) and the sub-scale “emo-
tional problems” (b = 0.39, p = 0.037 for BA and b = 0.42,
p < 0.001 for AD). Furthermore, AD was associated with
higher scores in the sub-scales representing externalizing
problems, i.e. “hyperactivity/inattention” (b = 0.36, p =
0.016) and “conduct problems” (b = 0.24, p = 0.018). The
presence of AOA was not correlated with any behav-
ioural difficulties in this group. The greatest effect sizes
were found with BA and AD in relation to the “emo-
tional problems” sub-scale.

Adolescent sample
In the adolescent sample (parent-report), BA was associ-
ated with higher parent-reported total difficulties scores
(b = 1.76, p = 0.007) as well as higher scores in the sub-
scales representing internalizing problems, i.e. “emo-
tional problems” (b = 0.55, p = 0.022) and “peer relation-
ship problems” (b = 0.69, p = 0.001). No significant
associations were found with AD. The presence of AOA
was associated with higher total difficulties scores (b =
0.34, p = 0.026) and higher scores in the sub-scale “peer
relationship problems” (b = 0.51, p < 0.001). Associations
between allergies and the externalizing sub-scales were
not significant.
In the adolescent sample (self-report), BA and AOA

were associated with higher scores in the sub-scale “peer
relationship problems” (b = 0.58, p = 0.004 for BA and
b = 0.35, p = 0.01 for AOA). No other significant associa-
tions were found between behavioural difficulties and
atopic diseases.

Comparison of the groups
First, it is interesting to note that AD was only associ-
ated with behavioural difficulties in the child sample. In
the adolescent sample, we did not observe any associa-
tions between AD and behavioural difficulties. Second,
in the child sample none of the atopic diseases was asso-
ciated with a greater level of peer relationship problems,
whereas in the adolescent sample, the associations be-
tween atopic disease and peer relationship problems
were stronger than all other associations. Taking the ef-
fect sizes into consideration, it is noticeable that the ef-
fect sizes were higher in the adolescent sample (parent-
report) than in the child sample, indicating that associa-
tions between atopic diseases and behavioural difficulties
– as judged by parents – are stronger in older children
and adolescents than they are in younger children.
Comparing the parent-report and self-report versions in

the adolescent sample, it should be noted that BA and AOA
were associated with more peer-relationship problems with
both versions. In the sample in which behavioural difficulties
were judged by parents, more associations reached signifi-
cance and effect sizes were higher, indicating that associa-
tions between atopic diseases and behavioural difficulties
were stronger if child behaviour was judged by parents.

Discussion
The aim of the present study was to investigate associa-
tions between behavioural difficulties and atopic diseases
in children and adolescents aged 3–18 years, with a par-
ticular focus on the differences between these associa-
tions depending on child age and – in the age group of
11- to 18-year-old adolescents – on the version of the
questionnaire applied (parent- versus self-report).

Prevalence of atopic diseases
Compared to the average prevalence of BA (6%) and AD
(14%) in children and adolescents aged 0 to 17 years in
Germany [4], a slightly higher percentage of children
and adolescents in our study suffered from BA (6% in 3-
to 10-year-olds and 9% in 11- to 18-year-olds) and AD

Table 2 Associations between bronchial asthma and behavioural difficulties in the different samples

Child samplea Adolescent sampleb

Parent - report
Adolescent sample
Self-report

bc (CI (95%)d) p b (CI (95%)) p b (CI (95%)) p

Emotional Problems 0.39 (0.02–0.75) 0.037 0.55 (0.08–1.02) 0.022 0.24 (− 0.21–0.69) 0.299

Peer Relationship Problems 0.19 (− 0.13–0.51) 0.235 0.69 (0.26–1.11) 0.001 0.58 (0.18–0.98) 0.004

Hyperactivity/ Inattention 0.28 (− 0.19–0.74) 0.239 0.27 (− 0.24–0.77) 0.299 − 0.02 (− 0.48–0.45) 0.948

Conduct Problems 0.21 (− 0.10–0.53) 0.189 0.26 (− 0.12–0.64) 0.178 − 0.05 (− 0.37–0.27) 0.761

All associations are adjusted for age, gender, and socioeconomic status
aChild sample = children aged 3 to 10 years (parent-report version of the SDQ)
bAdolescent sample = adolescents aged 11 to 18 years (parent-report and self-report version of the SDQ)
cb = regression coefficient, non-standardized
dCI confidence interval
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(17% and 23%, respectively). This might be due to a rela-
tively high percentage of families of high SES in our
study (30%), since it has been suggested that high SES is
a risk factor for atopic diseases [32]. Furthermore, the
study was conducted in a large city with more than 500,
000 inhabitants and it has been suggested that living in
an urban area might be associated with an increased risk
of atopic disease [33, 34].

Behavioural difficulties
Overall, the distributions of the SDQ scores in the
present study were comparable with scores observed in
other representative German samples [35, 36], with a
small tendency for higher scores in the present study.

Association between atopic dermatitis and behavioural
difficulties
We found that, in children aged 3 to 10 years, AD was
associated with a greater level of emotional problems,
conduct problems and hyperactivity/inattention prob-
lems. This coincides with a study by Hammer-Helmich
et al. (2016), who performed a large cross-sectional study
on associations between mental health and atopic dis-
eases. Atopic diseases were assessed through a question-
naire by the ISAAC-study and behavioural difficulties
were assessed by the SDQ [5]. The authors found that

not only AD but also BA was associated with more emo-
tional, conduct and hyperactivity/ inattention problems
[5]. It has been reported that the itching caused by AD
can lead to chronic sleep disturbance [12], which might
increase the risk of neurodevelopmental disorders [13].
Additionally, the itching itself could cause fidgety and
agitated behaviour, which might result in (or at least be
interpreted as) externalizing behavioural difficulties of
the kind described above.
In our study, AD was only associated with behavioural

difficulties in this younger age group, not in adolescents.
It is known that AD symptoms tend to be more severe
in younger children and recede in later childhood [4].
Therefore, young children with AD might be more se-
verely affected by pruritus and itching, which could re-
sult in greater behavioural difficulties.

Association between bronchial asthma and behavioural
difficulties
We observed associations between BA and behavioural diffi-
culties – primarily internalizing problems – in both age
groups. Although an association between BA and internaliz-
ing problems has been described in two previous cross-
sectional studies conducted in North America [37, 38], many
studies also proposed an association with externalizing prob-
lems [19, 39, 40]. Here, no such association was found.

Table 4 Associations between any other allergies and behavioural difficulties in the different samples

Child samplea Adolescent sampleb

Parent - report
Adolescent sample
Self-report

bc (CI (95%)d) p b (CI (95%)) p b (CI (95%)) p

Emotional Problems 0.10 (−0.16–0.37) 0.455 0.28 (− 0.04–0.60) 0.084 − 0.02 (− 0.33–0.29) 0.906

Peer Relationship Problems − 0.01 (− 0.23–0.23) 0.989 0.51 (0.22–0.79) < 0.001 0.35 (0.08–0.63) 0.01

Hyperactivity/ Inattention 0.25 (− 0.09–0.59) 0.143 0.08 (− 0.26–0.42) 0.638 0.09 (− 0.23–0.40) 0.589

Conduct Problems 0.03 (− 0.20–0.27) 0.770 0.11 (− 0.14–0.37) 0.378 0.11 (− 0.11–0.33) 0.340

All associations are adjusted for age, gender, and socioeconomic status
aChild sample = children aged 3 to 10 years (parent-report version of the SDQ)
bAdolescent sample = adolescents aged 11 to 18 years (parent-report and self-report version of the SDQ)
cb = regression coefficient, non-standardized
dCI confidence interval

Table 3 Associations between atopic dermatitis and behavioural difficulties in the different samples

Child samplea Adolescent sampleb

Parent - report
Adolescent sample
Self-report

bc (CI (95%)d) p b (CI (95%)) p b (CI (95%)) p

Emotional Problems 0.42 (0.19–0.65) < 0.001 − 0.08 (− 0.38–0.23) 0.623 0.02 (− 0.27–0.32) 0.874

Peer Relationship Problems 0.19 (− 0.01–0.39) 0.063 0.23 (− 0.04–0.51) 0.095 0.12 (− 0.14–0.39) 0.359

Hyperactivity/ Inattention 0.36 (0.07–0.65) 0.016 0.13 (− 0.20–0.46) 0.442 0.13(− 0.17–0.44) 0.393

Conduct Problems 0.24 (0.04–0.44) 0.018 0.12 (− 0.12–0.37) 0.321 0.16 (− 0.05–0.37) 0.133

All associations are adjusted for age, gender, and socioeconomic status
aChild sample = children aged 3 to 10 years (parent-report version of the SDQ)
bAdolescent sample = adolescents aged 11 to 18 years (parent-report and self-report version of the SDQ)
cb = regression coefficient, non-standardized
dCI confidence interval
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However, it must be noted that symptoms of hyperactivity/
inattention were assessed by the SDQ, which is merely a
screening tool, not a diagnostic instrument. In contrast, the
aforementioned studies (that described associations between
bronchial asthma and externalizing problems) mainly in-
cluded clinical diagnosis of ADHD, which might explain the
discrepancy to our results.

A possible underlying mechanism in the relationship
between BA and internalizing problems is that young
people who suffer from BA may be frustrated because of
restricting symptoms such as shortness of breath, wheez-
ing and coughing, which could make depressive or anx-
ious symptoms more likely. Since the association
between behavioural difficulties and atopic diseases is

Fig. 2 Association between bronchial asthma, atopic dermatitis and any other allergies and SDQ total difficulties scores, adjusted for age, gender,
and socioeconomic status
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probably bidirectional, it should also be mentioned that
stress caused by behavioural difficulties and other forms
of adversity can lead to asthma attacks [41]. Stress trig-
gering BA has been hypothesized to occur through
neurobiological and immunological pathways [42].
Moreover, anxiety and stress increase cortisol and nor-
epinephrine levels, which can lead to an amplified in-
flammatory response during allergen exposure, leading
in turn to increased cortisol release, potentially creating
a vicious cycle [43]. Another possible underlying mech-
anism is that allergy medication, such as oral corticoste-
roids and inhaled beta-sympathomimetics, leukotriene
antagonists and antihistamines, might lead to neuro-
psychiatric adverse events [14].

Association between AOA and behavioural difficulties
With the adolescent group, associations between the
presence of AOA and peer relationship problems were
found for both the parent-report data and self-report
data. This agrees with previous research reporting an as-
sociation between AOA (such as allergic rhinitis, allergic
conjunctivitis or food allergies) and greater levels of in-
ternalizing problems, for example Nanda et al. (2016).
However, unlike our study sample, they only included
children at risk of developing allergic diseases (for in-
stance children of allergic parents) that were later
assessed by physical examination, skin prick test and/or
parental questionnaires [44]. Furthermore, they did not
apply the SDQ but the Behaviour Assessment for Chil-
dren – Second Edition (BASC-2), which differs from the
SDQ but also allows the distinction between externaliz-
ing and internalizing problems [44]. Comparable to our
results, another German study by Genuneit et al. (2014),
who conducted a prospective birth cohort study and
assessed atopic diseases as well as ADHD by physician’s
diagnosis and parental reports, found no relationship be-
tween AOA and ADHD as an externalizing problem
[17]. A possible reason for associations between AOA
and internalizing problems is that chronic atopic dis-
eases decrease the sufferer’s health-related quality of life
and are accompanied by various lifestyle limitations and
social and financial implications that could lead to
internalizing problems [11].

Parent-report vs. self-report
With both SDQ versions, we found an association be-
tween peer relationship problems and BA and AOA re-
spectively. Moreover, in the adolescent sample, we found
no association between AD and behavioural difficulties
when using either of the SDQ versions. However, a rela-
tionship was found between BA and emotional problems
when using the parent-report SDQ data that was not
present with the self-report SDQ data. Furthermore, the
total difficulties scores for adolescents with BA or AOA

based on the parent-reports were higher than the scores
based on the self-report data. This suggests that parents
of young people with BA and/or AOA are more likely to
perceive behavioural difficulties in their children than
the adolescents are themselves. This theory is strength-
ened by the stronger effect sizes in the adolescent sam-
ple (parent-report) in comparison to the adolescent
sample (self-report). In line with our results, Canning
et al. (1992) suggests that parents of chronically ill chil-
dren (in this case diabetes mellitus, cystic fibrosis, in-
flammatory bowel diseases or cancer) tend to report
higher rates of behavioural difficulties in their children
than the children and adolescents do themselves [45].
Parents of children and adolescents with atopic diseases
may worry more about their child’s disease and its po-
tential dangers, i.e. an asthma attack or anaphylactic
shock. It is possible that they transfer their own worries
on their child when answering the questionnaires. In
comparison, the affected adolescents themselves might
be less anxious and more carefree, possibly because they
have grown up with, and are used to, the limitations on
their physical activity, food consumption et cetera.
Overall, it must be considered that our study results –

especially the comparison between parent-report and
self-report - are dependent on the questionnaire applied
and that they might differ based on the instrument used
to assess data.

Study limitations
All results should be interpreted within the context of
study limitations. First, bidirectional effects have been
shown or suggested, but our cross-sectional design does
not allow us to detect the directionality of effects. Sec-
ond, we did not include previously described possible
mediators in the association of atopic diseases and be-
havioural difficulties, such as quality and quantity of
children’s and adolescent’s sleep, children’s and adoles-
cent’s medication or parent’s mental health problems.
Third, study participants from families of low SES were
slightly under-represented in this study. Fourth, the data
on atopic diseases is based on the parent’s report of a
physician’s diagnosis, so there is the possibility of under-
or overdiagnosis of atopic diseases producing inaccur-
acies. Furthermore, data on behavioural difficulties is
based on the SDQ, which is a screening questionnaire
but no diagnostic instrument. It must also be considered
that associations between atopic diseases and behav-
ioural difficulties as well as variations depending on the
informant might differ depending on the instrument
used to assess data. Finally, it must be noted that the
high prevalence of atopic diseases in our study could
lead to a bias in the above-mentioned results. The main
strengths of our study were the large size of our study
sample and the categorization of atopic diseases into
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three phenotypes (bronchial asthma, atopic dermatitis,
any other allergies), allowing us to show differences in
their individual association with behavioural difficulties.

Conclusion
On the one hand, our study confirms the existing data
on associations between atopic disorders and behav-
ioural difficulties in children and adolescents. On the
other hand, it also shows that this connection cannot be
generalized across different age groups and may depend
on who is providing the information. We found varying
results in different age groups (stronger associations be-
tween atopic dermatitis and externalizing disorders in
younger children and stronger associations between
bronchial asthma or other allergies and internalizing dis-
orders in adolescents). Moreover, the results of our ana-
lysis differed depending on the SDQ version applied. We
were able to show that the parents of adolescents with
bronchial asthma or other allergies tend to perceive a
greater level of internalizing problems on the part of
their children than the adolescents themselves do.

Abbreviations
AD: Atopic dermatitis; ADHD: Attention-deficit/hyperactivity disorder;
AOA: Any other allergies; BA: Bronchial asthma; SDQ: Strengths and
difficulties questionnaire; SES: Socioeconomic status

Acknowledgements
We thank all children and parents for their participation in the LIFE Child
study and the LIFE Child study team for data collection and processing.

Authors’ contributions
WK analysed and interpreted the data, created the figures and was the
major contributor in writing the manuscript. TP contributed to the
conceptualization of the study and interpretation of data and was a major
contributor in writing the manuscript. AJ, CH, WK2 and AH contributed to
the conceptualization of the study and the assessment instruments. JG
contributed to the conceptualization of the study and interpretation of data.
FP contributed to the conceptualization of the study and substantively
revised it. MV contributed to the data acquisition, WK2 and MV also
supervised the analysis and interpretation of results and were major
contributors to the conceptualization of the study. All authors read and
approved the final manuscript.

Funding
This work was supported by LIFE – Leipzig Research Centre for Civilization
Diseases, University of Leipzig. LIFE is funded by the European Union, the
European Social Fund ESF, the European Regional Development Fund ERDF,
and the Free State of Saxony. Funding sources were not involved in the
collection, analysis and interpretation of data or writing of the report. Open
Access funding enabled and organized by Projekt DEAL.

Availability of data and materials
The datasets generated and/or analysed during the current study are not
publicly available due to ethical restrictions. The LIFE Child study is a study
collecting potentially sensitive information. Publishing data sets is not
covered by the informed consent provided by the study participants.
Furthermore, the data protection concept of LIFE requests that all (external
as well as internal) researchers interested in accessing data sign a project
agreement. Researchers that are interested in accessing and analysing data
collected in the LIFE Child study may contact the data use and access
committee (dm@life.uni-leipzig.de).

Declarations

Ethics approval and consent to participate
The study was designed under the supervision of the Ethics Committee of
the University of Leipzig (Reg. No. 264/10-ek). The study was performed in
accordance with the ethical standards as laid down in the 1964 Declaration
of Helsinki and its later amendments. All participants were informed about
the study program and the long-term use of data. Informed written consent
was obtained from parents of all participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Women and Children’s Health, Hospital for Children and
Adolescents and Center for Pediatric Research (CPL), Leipzig University,
Liebigstrasse 20a, 04103 Leipzig, Germany. 2LIFE Leipzig Research Center for
Civilization Diseases, Leipzig University, Philipp-Rosenthal-Strasse 27, 04103
Leipzig, Germany. 3Pediatric Epidemiology, Department of Pediatrics, Medical
Faculty, Leipzig University, Liebigstrasse 20a, 04103 Leipzig, Germany.

Received: 17 November 2020 Accepted: 5 April 2021

References
1. Teyhan A, Galobardes B, Henderson J. Child allergic symptoms and well-

being at school: findings from ALSPAC, a UK cohort study. PLoS One. 2015;
10(8):e0135271. https://doi.org/10.1371/journal.pone.0135271.

2. Leung DYM, Boguniewicz M, Howell MD, Nomura I, Hamid QA. New
insights into atopic dermatitis. J Clin Invest. 2004;113(5):651–7. https://doi.
org/10.1172/JCI21060.

3. Heck S, Al-Shobash S, Rapp D, et al. High probability of comorbidities in
bronchial asthma in Germany. NPJ Prim Care Respir Med. 2017;27(1):28.
https://doi.org/10.1038/s41533-017-0026-x.

4. Schmitz R, Thamm M, Ellert U, et al. Verbreitung häufiger Allergien bei
Kindern und Jugendlichen in Deutschland. Ergebnisse der KiGGS-Studie -
Erste Folgebefragung (KiGGS Welle 1). Bundesgesundheitsblatt. 2014;57(7):
771–8. https://doi.org/10.1007/s00103-014-1975-7.

5. Hammer-Helmich L, Linneberg A, Obel C, Thomsen SF, Tang Møllehave L,
Glümer C. Mental health associations with eczema, asthma and hay fever in
children: a cross-sectional survey. BMJ Open. 2016;6(10):e012637. https://doi.
org/10.1136/bmjopen-2016-012637.

6. Barkmann C, Schulte-Markwort M. Prävalenz psychischer Auffälligkeit bei
Kindern und Jugendlichen in Deutschland -- ein systematischer
Literaturüberblick [Prevalence of emotional and behavioral disorders in
children and adolescents in Germany -- a systematic literature review].
Psychiatr Prax. 2004;31(06):278–87. https://doi.org/10.1055/s-2003-814855.

7. Stone KD. Atopic diseases of childhood. Curr Opin Pediatr. 2003;15(5):495–
511. https://doi.org/10.1097/00008480-200310000-00009.

8. Kessler RC, Berglund P, Demler O, Jin R, Merikangas KR, Walters EE. Lifetime
prevalence and age-of-onset distributions of DSM-IV disorders in the
National Comorbidity Survey Replication. Arch Gen Psychiatry. 2005;62(6):
593–602. https://doi.org/10.1001/archpsyc.62.6.593.

9. Jones LC, Mrug S, Elliott MN, et al. Chronic physical health conditions and
emotional problems from early adolescence through midadolescence. Acad
Pediatr. 2017;17(6):649–55. https://doi.org/10.1016/j.acap.2017.02.002.

10. Becker-Haimes EM, Diaz KI, Haimes BA, Ehrenreich-May J. Anxiety and atopic
disease: comorbidity in a youth mental health setting. Child Psychiatry Hum
Dev. 2017;48(4):528–36. https://doi.org/10.1007/s10578-016-0678-8.

11. Lewis-Jones S. Quality of life and childhood atopic dermatitis: the misery of
living with childhood eczema. Int J Clin Pract. 2006;60(8):984–92. https://doi.
org/10.1111/j.1742-1241.2006.01047.x.

12. Kuniyoshi Y, Kikuya M, Miyashita M, Yamanaka C, Ishikuro M, Obara T, et al.
Severity of eczema and mental health problems in Japanese schoolchildren:
the ToMMo child health study. Allergol Int. 2018;67(4):481–6. https://doi.
org/10.1016/j.alit.2018.02.009.

13. Ednick M, Cohen AP, McPhail GL, et al. A review of the effects of sleep
during the first year of life on cognitive, psychomotor, and temperament

Keller et al. BMC Pediatrics          (2021) 21:197 Page 9 of 10

mailto:dm@life.uni-leipzig.de
https://doi.org/10.1371/journal.pone.0135271
https://doi.org/10.1172/JCI21060
https://doi.org/10.1172/JCI21060
https://doi.org/10.1038/s41533-017-0026-x
https://doi.org/10.1007/s00103-014-1975-7
https://doi.org/10.1136/bmjopen-2016-012637
https://doi.org/10.1136/bmjopen-2016-012637
https://doi.org/10.1055/s-2003-814855
https://doi.org/10.1097/00008480-200310000-00009
https://doi.org/10.1001/archpsyc.62.6.593
https://doi.org/10.1016/j.acap.2017.02.002
https://doi.org/10.1007/s10578-016-0678-8
https://doi.org/10.1111/j.1742-1241.2006.01047.x
https://doi.org/10.1111/j.1742-1241.2006.01047.x
https://doi.org/10.1016/j.alit.2018.02.009
https://doi.org/10.1016/j.alit.2018.02.009


development. Sleep. 2009;32(11):1449–58. https://doi.org/10.1093/
sleep/32.11.1449.

14. Leung JS, Johnson DW, Sperou AJ, Crotts J, Saude E, Hartling L, et al. A
systematic review of adverse drug events associated with administration of
common asthma medications in children. PLoS One. 2017;12(8):e0182738.
https://doi.org/10.1371/journal.pone.0182738.

15. Yaghmaie P, Koudelka CW, Simpson EL. Mental health comorbidity in
patients with atopic dermatitis. Allergy Clin Immunol. 2013;131(2):428–33.
https://doi.org/10.1016/j.jaci.2012.10.041.

16. Shin J, Choi Y, Park E-C, et al. Psychiatry outpatient visits by atopic
dermatitis patient varying in the complexity of their prescriptions: A
nationwide cohort study from 2005 to 2013. Medicine (Baltimore). 2016;95:
e5411.

17. Genuneit J, Braig S, Brandt S, Wabitsch M, Florath I, Brenner H, et al. Infant
atopic eczema and subsequent attention-deficit/hyperactivity disorder--a
prospective birth cohort study. Pediatr Allergy Immunol. 2014;25(1):51–6.
https://doi.org/10.1111/pai.12152.

18. Romanos M, Gerlach M, Warnke A, Schmitt J. Association of attention-
deficit/hyperactivity disorder and atopic eczema modified by sleep
disturbance in a large population-based sample. J Epidemiol Community
Health. 2010;64(3):269–73. https://doi.org/10.1136/jech.2009.093534.

19. Miyazaki C, Koyama M, Ota E, Swa T, Mlunde LB, Amiya RM, et al. Allergic
diseases in children with attention deficit hyperactivity disorder: a
systematic review and meta-analysis. BMC Psychiatry. 2017;17(1):120. https://
doi.org/10.1186/s12888-017-1281-7.

20. Schmitt J, Buske-Kirschbaum A, Roessner V. Is atopic disease a risk factor for
attention-deficit/hyperactivity disorder? A systematic review. Allergy. 2010;
65(12):1506–24. https://doi.org/10.1111/j.1398-9995.2010.02449.x.

21. Goodwin RD, Robinson M, Sly PD, McKeague IW, Susser ES, Zubrick SR, et al.
Severity and persistence of asthma and mental health: a birth cohort study.
Psychol Med. 2013;43(6):1313–22. https://doi.org/10.1017/S0033291712001
754.

22. 2020 GINA Report, Global strategy for asthma management and prevention.
https://ginasthma.org/wp-content/uploads/2020/06/GINA-2020-report_20_
06_04-1-wms.pdf. Accessed 20 Feb 2021.

23. Polloni L, Muraro A. Anxiety and food allergy: a review of the last two
decades. Clin Exp Allergy. 2020;50:420–41.

24. Jiang X, Shen C, Dai Y, Jiang F, Li S, Shen X, et al. Early food allergy and
respiratory allergy symptoms and attention-deficit/hyperactivity disorder in
Chinese children: a cross-sectional study. Pediatr Allergy Immunol. 2018;
29(4):402–9. https://doi.org/10.1111/pai.12888.

25. Van Roy B, Groholt B, Heyerdahl S, et al. Understanding discrepancies
in parent-child reporting of emotional and behavioural problems:
effects of relational and socio-demographic factors. BMC Psychiatry.
2010;10:56.

26. Van der Meer M, Dixon A, Rose D. Parent and child agreement on reports
of problem behaviour obtained from a screening questionnaire, the SDQ.
Eur Child Adolesc Psychiatry. 2008;17(8):491–7. https://doi.org/10.1007/
s00787-008-0691-y.

27. Poulain T, et al. The LIFE child study: a population-based perinatal and
pediatric cohort in Germany. Eur J Epidem. 2017;32(2):145–58. https://doi.
org/10.1007/s10654-016-0216-9.

28. Goodman R. The extended version of the strengths and difficulties
questionnaire as a guide to child psychiatric caseness and consequent
burden. J Child Psychol Psychiatry. 1999;40(5):791–9. https://doi.org/1
0.1111/1469-7610.00494.

29. Dickey WC, Blumberg SJ. Revisiting the factor structure of the strengths and
difficulties questionnaire: United States, 2001. J Am Acad Child Adolesc
Psychiatry. 2004;43(9):1159–67. https://doi.org/10.1097/01.chi.0000132808.3
6708.a9.

30. Lampert T, Müters S, Stolzenberg H, Kroll LE. Messung des
sozioökonomischen Status in der KiGGS-Studie. Erste Folgebefragung
(KiGGS Welle 1). Bundesgesundheitsblatt. 2014;57(7):762–70. https://doi.
org/10.1007/s00103-014-1974-8.

31. R Core Team. R: A language and environment for statistical computing.
Vienna: R Foundation for Statistical Computing; 2017. https://www.R-project.
org/. Accessed 25 Oct 2020

32. Uphoff E, Cabieses B, Pinart M, Valdés M, Antó JM, Wright J. A systematic
review of socioeconomic position in relation to asthma and allergic
diseases. Eur Respir J. 2015;46(2):364–74. https://doi.org/10.1183/09031936.
00114514.

33. Sedghy F, Varasteh A-R, Sankian M, Moghadam M. Interaction between air
pollutants and pollen grains: the role on the rising trend in allergy. Rep
Biochem Mol Biol. 2018;6(2):219–24.

34. Morgenstern V, Zutavern A, Cyrys J, Brockow I, Koletzko S, Krämer U, et al.
Atopic diseases, allergic sensitization, and exposure to traffic-related air
pollution in children. Am J Respir Crit Care Med. 2008;177(12):1331–7.
https://doi.org/10.1164/rccm.200701-036OC.

35. Becker A, Wang B, Kunze B, Otto C, Schlack R, Hölling H, et al. Normative
data of the self-report version of the German strengths and difficulties
questionnaire in an epidemiological setting. Kinder Jugendpsychiatr
Psychother. 2018;46(6):523–33. https://doi.org/10.1024/1422-4917/a000589.

36. Hölling H, Kurth B-M, Rothenberger A, Becker A, Schlack R. Assessing
psychopathological problems of children and adolescents from 3 to 17
years in a nationwide representative sample: results of the German health
interview and examination survey for children and adolescents (KiGGS). Eur
Child Adolesc Psychiatry. 2008;17(Suppl 1):34–41. https://doi.org/10.1007/
s00787-008-1004-1.

37. Goodwin RD, Hottinger K, Pena L, Chacko A, Feldman J, Wamboldt MZ,
et al. Asthma and mental health among youth in high-risk service settings. J
Asthma. 2014;51(6):639–44. https://doi.org/10.3109/02770903.2014.897728.

38. Meuret AE, Ehrenreich JT, Pincus DB, Ritz T. Prevalence and correlates of
asthma in children with internalizing psychopathology. Depress Anxiety.
2006;23(8):502–8. https://doi.org/10.1002/da.20205.

39. Mogensen N, Larsson H, Lundholm C, Almqvist C. Association between
childhood asthma and ADHD symptoms in adolescence – a prospective
population-based twin study. Allergy. 2011;66(9):1224–30. https://doi.org/1
0.1111/j.1398-9995.2011.02648.x.

40. Chen MH, Su TP, Chen YS, et al. Asthma and attention-deficit/hyperactivity
disorder: a nationwide population-based prospective cohort study. J Child
Psychol Psychiatry. 2013;54(11):1208–14.

41. Sandberg S, Paton JY, Ahola S, McCann DC, McGuinness D, Hillary CR, et al.
The role of acute and chronic stress in asthma attacks in children. Lancet.
2000;356(9234):982–7. https://doi.org/10.1016/S0140-6736(00)02715-X.

42. Chen E, Miller GE. Stress and inflammation in exacerbations of asthma. Brain
Behav Immun. 2007;21(8):993–9. https://doi.org/10.1016/j.bbi.2007.03.009.

43. Marshall GD. Neuroendocrine mechanisms of immune dysregulation:
applications to allergy and asthma. Ann Allergy Asthma Immunol. 2004;93:
11–7.

44. Nanda MK, LeMasters GK, Levin L, et al. Allergic diseases and internalizing
behaviors in early childhood. Pediatrics. 2016;137(1):e201519.

45. Canning EH, Hanser SB, Shade KA, Boyce WT. Mental disorder in chronically
ill children: parent-child discrepancy and physician identification. Pediatrics.
1992;90(5):692–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Keller et al. BMC Pediatrics          (2021) 21:197 Page 10 of 10

https://doi.org/10.1093/sleep/32.11.1449
https://doi.org/10.1093/sleep/32.11.1449
https://doi.org/10.1371/journal.pone.0182738
https://doi.org/10.1016/j.jaci.2012.10.041
https://doi.org/10.1111/pai.12152
https://doi.org/10.1136/jech.2009.093534
https://doi.org/10.1186/s12888-017-1281-7
https://doi.org/10.1186/s12888-017-1281-7
https://doi.org/10.1111/j.1398-9995.2010.02449.x
https://doi.org/10.1017/S0033291712001754
https://doi.org/10.1017/S0033291712001754
https://ginasthma.org/wp-content/uploads/2020/06/GINA-2020-report_20_06_04-1-wms.pdf
https://ginasthma.org/wp-content/uploads/2020/06/GINA-2020-report_20_06_04-1-wms.pdf
https://doi.org/10.1111/pai.12888
https://doi.org/10.1007/s00787-008-0691-y
https://doi.org/10.1007/s00787-008-0691-y
https://doi.org/10.1007/s10654-016-0216-9
https://doi.org/10.1007/s10654-016-0216-9
https://doi.org/10.1111/1469-7610.00494
https://doi.org/10.1111/1469-7610.00494
https://doi.org/10.1097/01.chi.0000132808.36708.a9
https://doi.org/10.1097/01.chi.0000132808.36708.a9
https://doi.org/10.1007/s00103-014-1974-8
https://doi.org/10.1007/s00103-014-1974-8
https://www.r-project.org/
https://www.r-project.org/
https://doi.org/10.1183/09031936.00114514
https://doi.org/10.1183/09031936.00114514
https://doi.org/10.1164/rccm.200701-036OC
https://doi.org/10.1024/1422-4917/a000589
https://doi.org/10.1007/s00787-008-1004-1
https://doi.org/10.1007/s00787-008-1004-1
https://doi.org/10.3109/02770903.2014.897728
https://doi.org/10.1002/da.20205
https://doi.org/10.1111/j.1398-9995.2011.02648.x
https://doi.org/10.1111/j.1398-9995.2011.02648.x
https://doi.org/10.1016/S0140-6736(00)02715-X
https://doi.org/10.1016/j.bbi.2007.03.009

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study sample
	Allergies
	Behavioural difficulties
	Socioeconomic status
	Statistical analysis

	Results
	Descriptive analysis
	Associations between behavioural difficulties and atopic diseases
	Child sample
	Adolescent sample
	Comparison of the groups

	Discussion
	Prevalence of atopic diseases
	Behavioural difficulties
	Association between atopic dermatitis and behavioural difficulties
	Association between bronchial asthma and behavioural difficulties
	Association between AOA and behavioural difficulties
	Parent-report vs. self-report
	Study limitations

	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

