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Abstract
Background: Children with asthma are at risk of depression and anxiety and growing 
evidence suggest they may also be at risk of attention deficit hyperreactivity disor-
der (ADHD) and autism spectrum disorder (ASD). Here, we conducted a systematic 
review with meta-analysis of studies investigating association between asthma and 
ADHD or ASD in children.
Methods: A comprehensive search using PubMed, EMBASE and Cochrane Library 
databases was completed in March 2019. Observational human studies published 
in English, clinic-based or population-based with a healthy comparator group, evalu-
ating asthma-ADHD or asthma-ASD overlap in children 18 years or younger using 
categorical diagnoses (yes/no) were considered for inclusion. Random effects meta-
analysis models were used to analyse data. The Newcastle Ottawa Scale was used to 
evaluate risk of bias.
Results: A total of 25 asthma-ADHD studies were included of which 17 showed 
significant positive associations and one a negative association: 17/25 studies were 
population-based, 19/25 were cross-sectional or cohort studies and 7/25 had a low 
risk of bias. We performed a meta-analysis of 23 of the studies, which showed a 
significant association between asthma and ADHD: odds ratio (OR) 1.52 (1.42-1.63), 
P < .001, I2 = 60%. All studies were adjusted for age and sex and a large proportion; 
that is, 19/23 were further adjusted for relevant confounders. Seventeen asthma-
ASD studies were included, whereof 7 showed a positive association and 3 a nega-
tive association; 8/17 were population-based with a cross-sectional study design and 
4/17 had a low risk of bias. We performed a meta-analysis of 14 of the studies, which 
did not show a significant association between asthma and ASD: OR 1.12 (0.93-1.34), 
P = .24, I2 = 89%. All studies were adjusted for age and sex and 10/14 were further 
adjusted for relevant confounders.
Conclusions: This systematic review with meta-analyses shows a significant overlap 
between asthma and ADHD, but not between asthma and ASD in children. Clinicians 
taking care of children with asthma or ADHD should be aware of such association to 
aid an early diagnosis and treatment of such comorbidity.

www.wileyonlinelibrary.com/journal/cea
https://orcid.org/0000-0003-4131-7592
mailto:﻿
https://orcid.org/0000-0001-6846-6243
mailto:chawes@copsac.com
http://www.copsac.com
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fcea.13750&domain=pdf&date_stamp=2020-10-13


2  |     KAAS et al.

1  | INTRODUC TION

Asthma often debuts in early childhood, where more boys than girls 
are affected.1 The prevalence has increased in westernized societ-
ies2 and asthma is considered the most common chronic respiratory 
disease.3 Children with asthma are at increased risk of depression 
and anxiety,4 which has a negative impact on asthma control5 and 
is recognized as comorbidities in the GINA guideline.6 However, 
growing evidence suggests that asthmatic children might be further 
burdened by poor mental health status, including attention deficit 
hyperreactivity (ADHD) and autism spectrum disorder (ASD).7,8

ADHD is the most common childhood psychiatric disorder af-
fecting 7% before age 18 years9 and is characterized by inattention, 
impulsivity and hyperactivity with additional deficits in academic 
and social domains that may persist into adulthood, making early 
diagnosis and treatment important to decrease the negative ef-
fect on development.10 Three times more males than females are 
affected and an increase in prevalence is reported11 in parallel 
with the increase in asthma prevalence.12 ASD is characterized by 
persistent impairment in social communication and interaction, 
restricted and repetitive behaviour, and is also more prevalent in 
males.13 The estimated prevalence of ASD is 1% and also seems to 
be increasing.13

We hypothesized that asthma, ADHD and ASD in childhood are 
associated traits and the parallel increase in these disorders may be 
due to common environmental risk factors. A clarification of such 
association is important for clinical practice as it would highlight a 
need for early screening, diagnosis and simultaneous treatment of 
the conditions. We therefore conducted a systematic review with 
meta-analysis of available studies exploring the relationship be-
tween childhood asthma, ADHD and ASD.

2  | MATERIAL S AND METHODS

The work is reported according to the PRISMA guidelines.

2.1 | Literature search

PubMed, Embase and Cochrane Library were searched for studies 
from the inception of each database until March 2019. Two separate 
searches were performed to examine the relation between child-
hood asthma and ADHD and asthma and ASD, respectively. The 
following search terms were used in combination and modified ac-
cording to each database (see Online Methods):

•	 Asthma, reactive airway disease, wheeze or wheezing.
•	 Attention deficit disorder with hyperactivity, ADHD, attention 

deficit, attention deficit, attention deficit hyperactivity disorder, 
attention deficit hyperactivity disorder, hyperkinetic syndrome, 
hyperkinetic disorder, hyperactivity disorder or hyperactivity 
child syndrome.

•	 Autism spectrum disorder, ASD, autistic disorder, Asperger 
Syndrome or autism.

The literature searches were limited to papers in English. Both 
searches were screened and corrected for duplicates. The studies were 
first scanned on the titles and abstracts and irrelevant studies were ex-
cluded, for example, animal studies, studies in adults (≥18 years), and 
other interpretations of the abbreviation ASD. The remaining studies 
were retrieved as full text and reviewed for eligibility according to the 
predefined inclusion criteria. Systematic reviews and reference lists of 
the included papers were also examined to identify additional studies. 
Eligibility of the studies was evaluated by the authors THK and BC.

2.2 | Inclusion and exclusion criteria

Studies were included according to the following predefined inclu-
sion criteria:

1.	 Studies about the association between asthma and ASD or 
ADHD, respectively.

2.	 Studies explicitly referring to the evaluation of asthma, defined 
either by parental reports, physician diagnosis, drug prescriptions, 
or diagnose codes from medical records.

3.	 Studies explicitly referring to the categorical diagnosis of ASD or 
ADHD, defined either by parental reports, physician diagnosis, 
drug prescriptions, or diagnose codes from medical records.

4.	 Studies concerning children and adolescents (<18 years).
5.	 Meta-analyses or original studies.

Predefined exclusion criteria were:

1.	 Narrative reviews, case-reports, letters, editorials, conference 
abstracts, animal studies.

2.	 Studies concerning adults
3.	 Studies without a comparative reference group
4.	 No quantitative information available on the relation between 

asthma and ASD or ADHD for original studies
5.	 Overlapping studies, for example, studies using the same data-

bases and conducted in the same time frame.

K E Y W O R D S

ADHD, asthma, autism, children, meta-analysis
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2.3 | Data extraction

Data was predominantly extracted directly from the studies and in-
cluded information about the first author, year of publication, time 
and country of performance, study setting, study design, sample 
size, characteristics of the study population including neurodevel-
opmental condition, gender distribution, race/ethnicity and age, and 
methods used to assess the asthma, ADHD and ASD diagnoses. THK 
and RKV did the data extraction.

2.4 | Meta-analysis

Data on disease prevalence and the estimates of association (odds 
ratio (OR), prevalence ratio (PR), hazard ratio (HR), standard mor-
bidity ratio (SMR)) were either extracted directly from the stud-
ies, calculated from data given in the studies or extracted from 
the meta-analyses, when data was not accessible elsewhere. The 
meta-analyses were conducted with R v 3.6.1 (R Foundation for 
Statistical Computing, Vienna, Austria), using the metagen func-
tion from the “Meta” package. We analysed the data with a ran-
dom effect model. Heterogeneity across the included studies was 
evaluated using I2 statistics and publication bias by Funnel plots 
and Egger's test.

Risk of bias was evaluated using the Newcastle Ottawa Scale 
(NOS), defining a high-quality study with a low risk of bias by a score 
of 7-9. Stratified meta-analyses were done for studies with NOS 
score 0-6 vs. 7-9, clinic-vs. population-based studies, case-control 
vs. cross-sectional studies, and studies using doctor diagnosis (yes 
vs. no).

This systematic review with meta-analysis did not have a regis-
tered protocol on PROSPERO and did not include communication 
with study authors.

3  | RESULTS

3.1 | Asthma and ADHD literature search

A total of 1473 studies were identified whereof 355 were duplicates 
and 1025 were excluded on titles and abstract, leaving 93 papers for 
full text evaluation. Of these, 24 original studies, two meta-analyses 
and one additional study from the manual search of references were 
included8,14-39 (Figure S1).

3.2 | Asthma and ADHD study characteristics

Seventeen were population-based and eight were performed in 
clinical settings. The majority were cross-sectional or cohort stud-
ies (Table  1). Four8,23,30,33 examined ADHD in children with and 
without asthma, while the rest investigated asthma in children 
with and without ADHD. One study with a mean participant age 

of 15.7 years did not specify an upper age limit,40 whereas the re-
maining studies investigated participants below age 18. Two stud-
ies only included males,18,29 while the others had a proportion of 
males from 51%-86% among ADHD cases and 48%-86% among 
controls. Race/ethnicity was only reported in eight studies; two 
only included Caucasians, one only Han Chinese, four mixed eth-
nicities (mainly Caucasians), and one Australian study only investi-
gated non-Aborigines.

Nine studies defined ADHD based on parental reports of a 
physician diagnosis, through interviews using questionnaires, for 
example, A-TAC, CBCL, the SNAP-IV 26 teacher and parent rating 
scale or a combination of these. Nine were based on a physician 
diagnosis with one including prescription of ADHD medication. 
Three were based on diagnose codes from medical records with 
one including ADHD medication. Two used records of drug pre-
scription and one were based on medical and school records, di-
agnose codes, parent or teacher questionnaires and diagnostic 
criteria as defined by DSM-IV.

The diagnosis of asthma was in 13 studies based on a physician 
diagnosis, diagnose codes from health, medical or billing records 
or drug prescription. The remaining 12 studies relied on parental 
reports of physician-diagnosed asthma, using, for example, the 
ISAAC questionnaire. All of the studies were adjusted for sex and 
age and 19 of the 23 studies were further adjusted for relevant 
confounders.

3.3 | Asthma and ADHD overlap

A total of 17 of the 25 studies showed a significant positive associa-
tion between asthma and ADHD with ORs ranging between 1.38 
and 1.69 (Table 2). Of those, 15 were population-based studies, for 
example, nationwide health surveys and health insurance program, 
and two were from clinical settings. Most had a cross-sectional de-
sign, two were case-control and one a cohort study. Seven of the 
17 studies showing positive associations based the ADHD diagnosis 
on parent information, whereas the rest used physician diagnoses, 
medical records or drug prescriptions. Half used an asthma diagnosis 
based on parental information and the rest physician diagnosis, drug 
prescriptions and/or diagnose codes from medical records or billing 
data.

Only one study found a negative association between asthma 
and ADHD, which was a cross-sectional study investigating the 
prevalence of asthma as a primary diagnosis in hospitalized 6 to 
11-year-old children with ADHD.26 The remaining 7 of the 25 studies 
did not report a significant association although the majority showed 
ORs above 1, that is, increased risk of asthma.

The meta-analysis by Schans38 included six longitudinal studies 
and showed significant association between asthma and AHDH with 
an OR = 1.34 (1.24-1.44). Three of the studies8,28,29 were included in 
our study, all showing a significant positive association, whereas the 
remaining were excluded due to overlap in datasets or no categori-
cal ADHD diagnosis. The meta-analysis by Miyazaki39 including five 
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studies also showed significant association: OR = 1.80 (1.57-2.07). 
Four of the studies22,29,31,35 were included in our study, all reporting 
increased ORs, but only one reaching significance.35 The fifth study 
was excluded due to overlap in datasets.

We conducted a meta-analysis of 23 of the 25 included stud-
ies, excluding the studies by Karlstad and Meyers, where an OR 
could not be calculated, showing a significant OR = 1.52 (1.42-1.63), 
P  <  .001, I2  =  60% (Figure  1). A Funnel plot of the study results 
(Figure 2) did not show publication bias (P = .30).

Risk of bias evaluation using NOS showed that 5 of the 23 stud-
ies had a low risk of bias (Figure 3). The most common risk concerns 
were ascertainment of exposure; case/control definition and non-re-
sponse rate. Stratified meta-analyses of studies with NOS score 0-6 
vs. 7-9 showed similar, significant results in both strata with simi-
lar I2-values. However, excluding the study by Van den Heuvel in 
the low risk of bias strata resulted in an insignificant heterogeneity 
(P = .35) and a much lower I2 = 9% (Figure S2).

Stratified analyses of clinic-vs. population-based studies, 
case-control vs. cross-sectional studies, and studies using doctor di-
agnosis (yes vs. no) showed similar, significant results, except for the 
case-control strata, which included 6 studies (Figures S3-S5).

3.4 | Asthma and ASD literature search

The search yielded 988 studies; 228 were duplicates and 703 were 
excluded on titles and abstracts, leaving 57 papers for full text evalu-
ation. Of those, 18 studies were included:14-16,41-5516 original stud-
ies, one meta-analysis and one additional study from the references 
in the included papers (Figure S6).

3.5 | Asthma and ASD study characteristics

Eight studies were population-based using national health survey 
data, health insurance programs or twin registers, whereas the 
rest were performed in clinical settings (Table 3). Eight were cross-
sectional, seven case-control, and one retrospective and one pro-
spective cohort study were identified. Two studies examined ASD 
in children with and without asthma,43,50 whereas the remaining 
examined asthma in children with and without ASD. One study14 
with a mean participant age of 17.5 years did not specify an upper 
age limit and another study42 included participants aged 3-26 years. 
One study only included males in the ASD group,54 whereas the 
other studies included both males and females with the proportion 
of males ranging from 57% to 88% among ASD cases and from 49% 
to 83% among controls. Race/ethnicity was given in seven studies, 
where the majority were Caucasians.

The assessment of ASD varied across the included studies: six 
were physician-based and four specified that the diagnosis was 
based on clinical evaluation meeting DSM-IV-TR or DSM-IV criteria 
and/or using ADOS, ADI-R, Filipek's criteria or CARS. Four studies 
used parental reports of ASD and one used A-TAC questionnaire in 

a parental telephone interview. Two studies used diagnoses from 
health records.

The assessment of asthma was mostly reported as physi-
cian-based, extracted from physician's records, diagnoses from 
health records or based on a clinical evaluation. Seven studies relied 
on parental reports of either physician-diagnosed asthma or without 
further specification.

All of the studies were adjusted for sex and age and 10 of the 14 
studies were further adjusted for relevant confounders.

3.6 | Asthma and ASD overlap

Seven of the 17 studies showed a significant positive association be-
tween asthma and ASD. Of those, two studies examined the preva-
lence of ASD in children with and without asthma showing a PR of 
1.40 and a HR of 2.01. The remaining five studies showed significant 
OR ranging between 1.19 and 1.90. All seven studies reporting a sig-
nificant positive association between asthma and ASD were based 
on national health surveys, health insurance data or twin registers, 
five were cross-sectional, one a case-control study and one a cohort 
study. Four relied on parental reports of both ASD and asthma and 
three relied on physician diagnoses.

Three studies showed a significant negative association between 
asthma and ASD. Jónsdóttir46 used an electronic health records da-
tabase in a retrospective longitudinal analysis of children without 
asthma showing that ASD was protective for new asthma, Zerbo42 a 
case-control study based on diagnose codes from medical records, 
and Bakkaloglu49 a small cross-sectional clinical study where none 
of 30 children with ASD had asthma compared to 11 with asthma of 
39 controls. The remaining 7 studies did not show significant associ-
ations between asthma and ASD (Table 4).

One meta-analysis55 from 2016 of ten studies was identified, 
which showed an increased non-significant risk of asthma among 
children with ASD: OR of 1.10 (95% CI 0.85-1.43). An analysis strat-
ified by study design showed that for the five cross-sectional stud-
ies in the meta-analysis the OR was 1.26 (0.98-1.61), whereas OR 
was 0.98 (0.68-1.43) for the five case-control studies. Nine of the 
ten studies in the meta-analysis were included in our study and the 
missing one was excluded due to overlap in the study groups. Of the 
eight additional studies we included, four showed a significant posi-
tive association, one a negative association and three no association.

We conducted a meta-analysis of 14 of the 17 included studies, 
excluding two studies by Patel and Tsai where an OR could not be cal-
culated and the study by Jónsdóttir, which estimated the risk of new 
asthma in children with ASD. The meta-analysis showed a non-signifi-
cant OR of 1.12 (0.93-1.34), P = .24, I2 = 89% (Figure 4). A Funnel plot 
of the study results (Figure 5) did not show publication bias (P = .26).

The risk of bias evaluation showed that 4 of the 17 studies had a 
low risk of bias; that is, NOS score 7-9 (Figure 6). The most common 
risk concerns were ascertainment of exposure; case/control defini-
tion and non-response rate. Stratified meta-analyses of studies with 
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NOS score 0-6 vs. 7-9 showed similar, non-significant results in both 
strata with similar, high I2-values (Figure S7).

Stratified analyses of clinic-vs. population-based studies, 
case-control vs. cross-sectional studies, and studies using doctor di-
agnosis (yes vs. no) showed similar, non-significant results, except for 

population-based studies and studies not using doctor diagnoses, 
where a significant overlap between asthma and ASD was shown 
(Figures S8-S10).

4  | DISCUSSION

4.1 | Primary Findings

This systematic review of 25 studies investigating the association be-
tween asthma and ADHD and 17 studies investigating the association 
between asthma and ASD in children showed a significant overlap be-
tween asthma and ADHD, whereas there was no such overlap between 
asthma and ASD. This suggests a shared origin of childhood asthma 
and ADHD and that an increased awareness of behavioural problems 
should be directed towards children with symptoms of asthma and vice 
versa to facilitate early diagnosis and treatment of comorbidities.

4.2 | Asthma and ADHD overlap

The results of the 25 identified studies investigating the rela-
tionship between asthma and ADHD were quite consistent with 
17 showing a significant overlap between the diseases and only 
one study showing a negative association.26 The results from our 
meta-analysis of 23 studies confirmed a significant overlap be-
tween asthma and ADHD in children, which was also apparent in 
analyses stratified by low risk of bias, clinic-vs. population-based 
studies, case-control vs. cross-sectional studies, and studies 
using doctor diagnoses. The study by Van den Heuvel, which is 

F I G U R E  1   Asthma-ADHD meta-
analysis

Source

Total (fixed effect)
Total (random effects)
Heterogeneity: χ22

2  = 54.96 (P  < .001), I2 = 60%

Alabaf, 2019
Yang ,2018
Wang, 2018
Chen, 2017
Jameson, 2016
Kline−Simon, 2016
van der Schans, 2016
Lin, 2016
Strom, 2016
Kwon, 2014
Silva, 2014
James, 2013
Hak, 2013
Goodwin, 2013
Saricoban, 2011
Suwan, 2011
Romanos, 2010
Van Den Heuvel, 2007
Calam, 2005
Leibson, 2001
Flannery, 1995
Biederman, 1995
Turan Akyol, 2015

 (95% CI)

0.40 [ 0.37; 0.43]
0.42 [ 0.35; 0.49]

0.74 [ 0.51; 0.97]
1.29 [ 0.07; 2.52]
0.19 [−0.24; 0.62]
0.43 [ 0.36; 0.49]
0.16 [−0.22; 0.54]
0.50 [ 0.43; 0.58]
0.34 [ 0.22; 0.45]
0.46 [ 0.24; 0.69]
0.34 [ 0.29; 0.39]
0.47 [ 0.26; 0.68]
0.32 [ 0.22; 0.43]
1.22 [ 0.71; 1.73]
0.34 [ 0.16; 0.51]
0.61 [ 0.11; 1.11]
0.35 [−0.94; 1.64]
0.31 [−1.05; 1.68]
0.21 [−0.13; 0.55]
−0.33 [−0.82; 0.16]
0.60 [ 0.18; 1.02]
0.62 [ 0.33; 0.90]
0.52 [ 0.12; 0.92]
0.29 [−0.49; 1.06]
1.08 [−0.20; 2.35]

−2 −1 0 1 2

No association Favours association

 (95% CI)

F I G U R E  2   Funnel plot of asthma-ADHD studies
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a large sample, clinic-based, case-control study, where ADHD di-
agnosis was done by a psychiatrist and asthma by a paediatrician, 
contributed with statistical heterogeneity despite the study had 
an overall low risk of bias (NOS score of 7). The only limitation of 
the study is that the control group was children admitted to a pae-
diatric outpatient clinic due to various somatic complaints; that 
is, not healthy controls, which may have resulted in an increased 
proportion of asthma diagnoses in the control group. Further, our 
findings align with the findings from two previous meta-analyses 
in children38,39 that included six and five studies, respectively. A 
recent meta-analysis including studies of children, adolescents 
and adults also supported an association between asthma and 
ADHD.56

4.3 | Asthma and ASD overlap

The results of the identified studies examining the relationship 
between asthma and ASD were inconsistent with several studies 
showing a significant overlap between the diseases,14,15,43,50-52,57 

one study showing that ASD protects against developing asthma,46 
one showing that asthma protects against developing ASD,42 and 
the remaining studies showing no association. The studies showing 
a significant overlap between the diseases were all large population-
based studies with a total number of participants above 5,000, which 
may indicate that the lack of association in the remaining studies 
was a power issue. However, the two studies showing a significant 
negative association42,46 were both based on diagnoses from medi-
cal records and had sample sizes above 1,000. The conflicting find-
ings were confirmed in our meta-analysis, which did not support an 
overall association across the 14 included studies, which is in agree-
ment with the only other meta-analysis investigating this in 10 stud-
ies of children.55 Our analyses stratified by low risk of bias, clinic-vs. 
population-based studies, case-control vs. cross-sectional studies, 
and studies using doctor diagnoses showed similar, non-significant 
results except for the population-based studies and studies relying 
on parental reporting, that is, not using doctor diagnoses.

F I G U R E  3   Newcastle Ottawa Scale risk of bias assessment of asthma-ADHD studies
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4.4 | Strengths and limitations

The conflicting results particularly in the asthma-ASD studies might 
be attributable to different methods to assess the diagnoses, dif-
ferent study settings, design, sample size, age range of the patients 
and adjustments for possible confounders. Importantly, not all stud-
ies were designed to investigate the association between childhood 
asthma and ASD, which was therefore added as post-hoc analyses, 
for example, Croen45 focused on maternal immune disorders and off-
spring ASD while Jyonouchi53 focused on innate immunity in a subset 
of children with ASD and neither of the studies showed a significant 

association between asthma and ASD. The asthma-ADHD association 
analyses were also post-hoc in some of the included studies, which 
had a primary focus on, for example, atopic dermatitis and ADHD,25,31 
use and cost of medical care among children with ADHD,27 and im-
mune disorders among children with neurodevelopmental disorders, 
special talents and non-right handedness17,18; however, most of these 
studies showed a significant overlap between asthma and ADHD.

The methods to define the diagnoses of asthma, ADHD and ASD 
varied widely among the studies ranging from register data on diag-
noses and medical treatment, parental reporting, and various clinical 
approaches, which were not all consistent with gold standard diagnos-
tic procedures. These differences constitute a risk of misclassification 
that may have affected the association analyses. It is well-known that 
parental reporting of their child's health status are subject to recall 
bias, misclassification and underestimation of both asthma58 and hy-
peractivity.59 The included studies may be subject to diagnostic het-
erogeneity as only two of the studies using a physician diagnosis of 
asthma specified following recognized international guidelines.23,53 
Further, not subgrouping the asthmatics as atopic vs. non-atopic 
may be a limitation since Kohlboeck60 found that the association be-
tween asthma and emotional symptoms depended on atopic status. 
Interestingly, we observed a significant overlap between asthma and 
ASD in the strata of studies not using a doctor diagnosis of ASD, for 
example, studies relying on parental report alone or diagnosis based 
on prescription record, which might be influenced by inherited be-
havioural traits or health-seeking behaviour that could confound the 
relationship between reported health conditions.

The diagnosis of both ADHD and ASD can only be made by a 
psychiatrist or a paediatrician with sufficient expertise based on a 
full clinical, psychosocial and developmental assessment combined 
with observer reports from parents and schools. Screening instru-
ments are considered useful but cannot stand alone, which chal-
lenge the reliability of some included studies.8,15,45,47,53 Including 
prescriptions of ADHD medication is a strength as this is restricted 
to specialists in many countries; however, not all children with ADHD 
receive pharmacological treatment. In general, studies performed 
in clinical settings are less prone to misclassification compared to 
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population-based register studies, but may not be able to detect a 
significant disease overlap due to smaller sample sizes that reduce 
statistical power,18,32,35,48,53,54 which may have been the case for the 
asthma-ASD analysis as we found a significant overlap in the strata 
of population-based studies.

Many of the studies included children and adolescents in a wide 
age range, which is important to note since asthma and ASD often 
debut in early childhood, whereas the ADHD diagnosis usually is 
established later in childhood and adolescence, which could be a 
limitation to asthma-ADHD studies only including younger children. 
The change in gender distribution during puberty concerning asthma 
requires inclusion of both males and females as pure male studies 
might have over- or underestimated the asthma prevalence, which 
could compromise analysis of disease overlap.18,29,54

Some studies managed potential confounders through matching 
of cases and controls and others adjusted for these in multivariable 
regression analyses. There was no clear consistency across the stud-
ies regarding confounders, which included, for example, maternal age 
at birth, smoking during pregnancy, gestational age and birth weight. 
Many studies did not deal with this, which is a major limitation for 

investigating disease overlap as common risk or protective factors 
could explain both overlap and lack of overlap. All of the abovemen-
tioned limitations might be the reason for significant heterogeneity 
between studies, which was observed for both the ADHD and ASD 
analyses.

Although the methods of this systematic review with meta-anal-
ysis were predefined, it is a limitation that it did not have a registered 
protocol on PROSPERO.

4.5 | Interpretation

The significant association between childhood asthma and ADHD in 
our meta-analysis may be due to a shared disease mechanism related 
to a perturbed immune response in early life. The airway inflamma-
tion seen in asthma is often a type 2 inflammation, involving T-helper 
2 cells, mast cells and eosinophils and is characterized by cytokines 
such as interleukin (IL)4, IL5, IL13 and elevated immunoglobulin E 
(IgE) levels. In children with ADHD, it has been shown that symptom 
scores of the major symptom clusters are associated with levels of 

F I G U R E  6   Newcastle Ottawa Scale risk of bias assessment of asthma-ASD studies
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proinflammatory cytokines, suggesting that a dysregulated inflamma-
tory pathway is involved in the pathophysiology.61 In the same study 
it was shown that the total ADHD symptom score was associated with 
increasing levels of IL1361 and another study demonstrated increased 
levels of IgE and eosinophils in ADHD cases compared to controls;20 
that is, markers of type 2 inflammation characteristic of asthma. 
Further, studies have shown overlap between ADHD and early-onset, 
severe atopic dermatitis,25,31 which is also often characterized by type 
2 inflammation. Finally, systemic low-grade inflammation has been 
demonstrated in children with atopic diseases,62 and also appears to 
affect neurodevelopment and cognitive function.63

The shared propensity to develop inflammation seen in asthma, 
neurodevelopment and ADHD may be caused by common risk fac-
tors such as preterm delivery and other inflammatory insults, de-
ficient micronutrient supply during pregnancy and infancy and the 
composition and development of the gut microbiome in early life. 
A perturbed gut microbiome during the first year of life has been 
associated with immune dysregulation and risk of asthma64 and 
the gut microbiome also seems to affect the brain and behaviour, 
possibly leading to neuropsychiatric disorders like ADHD via the 
gut-brain axis.65 Supply of micronutrients like vitamin D and n-3 
long-chained polyunsaturated fatty acids may constitute a com-
mon risk factor for asthma and ADHD since studies have shown the 
importance of these in both early childhood asthma66,67 and neu-
rological development.63,68 Shared genetic factors may also con-
tribute to the observed overlap between asthma and ADHD.69,70

Our demonstration of a likely association between asthma and 
ADHD across 23 studies should encourage clinicians to pay special 
attention to early symptoms of such comorbidity. Further, asthma 
and ADHD guidelines should acknowledge such comorbidity. An in-
creased attention to the overlap between asthma and ADHD may 
lead to faster referrals, diagnostic clarification and treatment initia-
tion, leading to less impairments, better symptom control, prognosis 
and quality of life for the affected children. Caregivers of children 
with both asthma and ADHD reported lower quality of life compared 
to caregivers of children with a similar asthma severity but without 
ADHD.71 The recognition of association between ADHD and asthma 
may be important for the child's future mental health as adolescents 
with ADHD have an increased risk of developing both unipolar and 
bipolar depression later in life with a further increased risk from co-
morbid asthma.72 Overall, our findings support the existence of a 
broad overlap between asthma and mental health disorders, which 
currently includes both depression, anxiety and ADHD.

4.6 | Conclusion

This systematic review with meta-analysis shows a greater likeli-
hood of children with asthma also having ADHD and vice versa, 
but there was no evidence of an association between childhood 
asthma and ASD. These findings should lead to an increased 
awareness among clinicians taking care of children with asthma 
or ADHD to facilitate early diagnosis and treatment of such 

comorbidity, which should be implemented in asthma and ADHD 
guidelines.
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eFIGURE LEGENDS 

eFIGURE 1: PRISMA flow diagram for asthma-ADHD studies. 

eFIGURE 2: Stratified asthma-ADHD meta-analysis for studies with A) Newcastle Ottawa Scale 

7-9, B) Newcastle Ottawa Scale 7-9, excluding Van den Heuvel, C) Newcastle Ottawa Scale 0-6. 

eFIGURE 3: Stratified asthma-ADHD meta-analysis for A) case-control studies, B) cross-sectional 

studies. 

eFIGURE 4: Stratified asthma-ADHD meta-analysis for A) clinic-based studies, B) population-

based studies. 

eFIGURE 5: Stratified asthma-ADHD meta-analysis for studies using A) doctor diagnoses, B) 

other types of diagnoses such as parental reporting. 

eFIGURE 6: PRISMA flow diagram for asthma-ASD studies. 

eFIGURE 7: Stratified asthma-ASD meta-analysis for studies with A) Newcastle Ottawa Scale 7-9, 

B) Newcastle Ottawa Scale 0-6. 

eFIGURE 8: Stratified asthma-ASD meta-analysis for A) case-control studies, B) cross-sectional 

studies. 

eFIGURE 9: Stratified asthma-ASD meta-analysis for A) clinic-based studies, B) population-based 

studies. 

eFIGURE 10: Stratified asthma-ASD meta-analysis for studies using A) doctor diagnoses, B) other 

types of diagnoses such as parental reporting. 
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