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Search process

Appendix A. Search strategy

Primary search steps:

#1. Atopic dermatitis

#2. Atopic eczema

#3. Allergic rhinitis

#4. Asthma

#5. #1, #2, #3, OR #4

#6. ADHD

#7. Attention-deficit/hyperactivity disorder
#8. Hyperactivity

#9. Inattention

#10. Attention deficit

#11. Impulsivity

#12. Behavior problem

#13. (Mental illness) OR (Mental disorder)
#14. #6, #7, #8, #9, #10, #11, #12, #13
#15. Preschool children

#16. Preschooler

#17. Children

#18. Adolescent

#19. Toddler

#20. #14, #15, #16, #17, #18 OR #19
#21. #5 AND #14 AND #20

Final syntax in PubMed (an example):

((Atopic dermatitis) OR (Atopic eczema) OR (Allergic rhinitis) OR (Asthma)) AND ((ADHD) OR
(Attention-deficit/hyperactivity disorder) OR (Hyperactivity) OR (Inattention) OR (Attention
deficit) OR (Impulsivity) OR (Behavior problem) OR ((Mental illness) OR (Mental disorder)))
AND ((Preschool children) OR (Preschooler) OR (Children) OR (Adolescent) OR (Toddle



Appendix B. PRISMA flowchart

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources
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Figure

Figure S1. Linear regression model of the Egger’s test for the
meta-analysis of the severity of hyperactivity/impulsivity in

childhood and the presence of atopic diseases

8 10 12
| | |
¢

Standardised treatment effect (z—score)
6
|

Inverse of standard error



Figure S2. Linear regression model of the Egger’s test for the
meta-analysis of the severity of attention deficit in childhood

and the presence of atopic diseases
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Figure S3. Mechanism underlying the interaction between

atopic diseases and ADHD
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Figure S4. Comparison of immune responses and related

effects between acute and chronic phases of atopic diseases
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Table

Table S1. Detailed information of studies included in the

qualitative analysis

Study

Outcome

type

OR/ Hazard ratios: (Goodwin et al., 2013, Lin et al., 2016, Strom et al., 2016)2*2;
Fuhrmann et al., 2020?7; Huang et al., 2020%%; Jackson-Cowan et al., 2020%°; Sollander et al.,
2020%; Wan et al., 20203"; Chai et al., 20213%; Hou et al., 202133; Vittrup et al,, 202134
Continuous data for Hl, IN, or total ADHD symptoms: (Yuksel et al., 2008,
Camfferman et al., 2010, Chang et al., 2013, Kim et al., 2014, Lee et al., 2014, Yang et al.,
2014, Catal et al., 2016, Hammer-Helmich et al., 2016, Yang et al., 2016, Feng et al., 2017,
Kuniyoshi et al., 2018, Schmitt et al., 2018, L et al., 2019, Feng et al., 2020, Guo et al., 2020,
Kuo et al., 2020) 3>°%; Minatoya et al., 2020°%, Montalbano et al., 2020°%; Berzosa-Grande et
al., 2021%3; Galéra et al., 2021%% Ozyurt et al., 2021%%; Rajhans et al., 2021%; Y(iksel et al., 202157
Prevalence/percentage: (Abd El-Hamid et al., 2018, Tajdini et al., 2019, Zhou et al., 2019)

58-60

Other: Keller et al., 202161

Exposed

Atopy in patients with ADHD: (Kim et al., 2014, Abd El-Hamid et al., 2018)**%; Yiiksel et
al,, 2021%7

Pure atopy and healthy controls: (Yuksel et al., 2008, Yang et al., 2014, Schmitt et al.,
2018, Feng et al., 2020) 38424546

Atopy and nonatopic groups: (Camfferman et al., 2010, Chang et al., 2013, Goodwin et
al., 2013, Lee et al., 2014, Catal et al., 2016, Hammer-Helmich et al., 2016, Lin et al., 2016,
Strom et al., 2016, Kuniyoshi et al., 2018, L et al., 2019, Zhou et al., 2019, Guo et al., 2020,
Fuhrmann et al., 202027, Kuo et al., 2020) 24-26:35,36,39,40,43,44,47,48,50,60, Hyang et al., 2020% ;
Jackson-Cowan et al., 2020%°; Minatoya et al., 2020°%; Sollander et al., 2020%; Wan et al.,
20203": Berzosa-Grande et al., 2021°3; Galéra et al., 2021%% Hou et al., 202133

Atopy patients and healthy controls: (Yang et al., 2016, Feng et al., 2017, Tajdini et al.,
2019)374159; Chai et al., 20213%; Keller et al., 20216"; Ozyurt et al,, 202155; Rajhans et al., 20216
ADHD (symptoms) in patients with atopy: Montalbano et al., 2020°; Vittrup et al.,
202134

Other

variables

Description for potential confounding factors
Age and sex: (Yang et al., 2014, Yang et al., 2016, Feng et al., 2017, Feng et al.,
2020)37:384142: Eyhrmann et al., 2020%7; Jackson-Cowan et al., 2020%%; Sollander et al., 20203¢;

Minatoya et al., 2020°1; Montalbano et al., 2020°%; Wan et al., 20203"; Berzosa-Grande et al.,




2021°3; Galéra et al., 202154 Hou et al., 202133; Ozyurt et al., 2021°5; Rajhans et al., 202156;
Vittrup et al., 202134, Yiiksel et al., 202157

Birth Hx: Feng et al., 2020%%; Galéra et al., 202154 Yiiksel et al., 202157

Parents’ stress or mental health: (Goodwin et al., 2013, Lee et al., 2014, Schmitt et al.,
2018)%43645; Kuo et al., 2020*; Montalbano et al., 2020°%; Berzosa-Grande et al., 2021°3;
Galéra et al,, 20213

Primary caregiver’s education: (Goodwin et al., 2013, Feng et al., 2020)***?; Sollander et
al., 2020%%; Wan et al.,, 2020%"; Galéra et al., 202154 Hou et al., 202133; Ozyurt et al., 202155
Family income: Jackson-Cowan et al., 2020?°; Wan et al., 20203"; Galéra et al., 202154 Hou et
al., 20213%3; Vittrup et al., 202134

Environment (tobacco): (Goodwin et al., 2013, Feng et al., 2017, Tajdini et al., 2019)24415°
Sleep disturbance: (Camfferman et al., 2010, Lin et al., 2016, Strom et al., 2016, Schmitt et
al., 2018, Feng et al., 2020)2>26:404245

Other physical conditions: Strom et al., 2016%5; Wan et al.,, 20203"; Galéra et al., 202154
Hou et al., 202133; Vittrup et al., 202134 Yiiksel et al., 202157

Mental health: Jackson-Cowan et al., 2020%°; Galéra et al., 202154

Assessment for atopic diseases

Eosinophils in peripheral blood: (Chang et al., 2013)*

IgE and allergens: (Guo et al., 2020)*

Symptoms: (Yang et al., 2014, Yang et al., 2016, Feng et al., 2017, Schmitt et al., 2018, Feng
et al., 2020)37,38414245; Rajhans et al., 2021

Persistent atopic diseases: (Yang et al., 2014, Yang et al., 2016, Feng et al., 2017)37:384
Severity of atopic diseases: (Yang et al., 2014, Yang et al., 2016, Tajdini et al., 2019, Zhou
et al., 2019, Feng et al., 2020)37:38425960: Minatoya et al., 2020°%; Montalbano et al., 2020°%;
Berzosa-Grande et al., 2021%3

Atopic disease onset: (Schmitt et al., 2018, Tajdini et al., 2019, Zhou et al., 2019, Feng et
al., 2020)*24>5980; Fuhrmann et al.,, 2020%7; Rajhans et al., 20215%¢

Duration: (zhou et al., 2019, Feng et al., 2020)**°; Rajhans et al., 202156

Positive allergens: Feng et al., 2017*; Berzosa-Grande et al., 20215

Treatments: (Schmitt et al., 2018, Tajdini et al., 2019, Zhou et al., 2019, Feng et al.,
2020)#245:59,60

Family history of atopic diseases: (Yang et al., 2014, Yang et al., 2016, Tajdini et al.,
2019, Zhou et al., 2019)37385960; Minatoya et al., 20201

Multiple atopic diseases: (Yang et al., 2014, Yang et al., 2016, Feng et al., 2017, Schmitt et
al., 2018, Tajdini et al., 2019)37:38414559: Jackson-Cowan et al., 2020%°; Sollander et al., 2020%%
Berzosa-Grande et al., 2021%3; Vittrup et al., 202134

Other assessment for ADHD

Percentage of abnormal scores: (Hammer-Helmich et al., 2016, Feng et al., 2020)35*2




Quality of life: (Feng et al., 2017, Schmitt et al., 2018, Feng et al., 2020)*24
CPT/CAT: (Kim et al., 2014, Yang et al., 2014, Yang et al., 2016)37:3849

Subgroup

Treatments: (Chang et al., 2013, Kim et al., 2014, Yang et al., 2016)37474°, Fuhrmann et al,,
2020%7

Age: (Strom et al., 2016, Kuniyoshi et al., 2018)?%%; Berzosa-Grande et al., 2021°3; Hou et al.,
20213

Sex: Jackson-Cowan et al., 2020%°

Severity of atopic diseases: (Chang et al., 2013, Goodwin et al., 2013, Strom et al., 2016,
Kuniyoshi et al., 2018)?4264347; Montalbano et al., 2020°?

Pure atopy (without ADHD), total atopy, pure ADHD (without atopy): Yangetal.,
201438; Galéra et al., 202154

Primary caregiver’s education: Hammer-Helmich et al., 20163, Sollander et al., 2020%°
Multiple atopic diseases: Hammer-Heimich et al., 2016%; Kuo et al., 2020, Strom et al.,
20162%°, Sollander et al., 20203°

Atopy with or without ADHD symptoms: Feng et al., 2020%

ADHD type: (Lin et al., 2016, Zhou et al., 2019)%5°

Comorbidity of ADHD: (Yang et al., 2014, Yang et al., 2016)37:3

Abbreviations: OR, odds ratio; ADHD, attention-deficit/hyperactivity disorder; CPT/CAT,
(Continuous Performance Test/Comprehensive Attention Test)




Table S2. Detailed information on the risk of bias assessment

Risk of bias assessment

The quality of included studies was determined using the Joanna Briggs Institute’s critical
appraisal checklist for systematic reviews ®2. We used this checklist to evaluate case—control
and cross-sectional study designs. The checklist for cross-sectional studies consisted of 10
questions assessing the following factors: (1) use of clearly defined inclusion criteria, (2)
detailed description of study objects and settings, (3) exposure measurement, (4) inclusion of
objective and standard criteria for the measurement of the condition (5) strategies adopted to
identify confounding factors (questions 5 and 6 were related to this factor), (6) strategies
adopted to deal with confounding factors (7) outcome measurement, and (8) use of
appropriate statistical analysis methods. Each question had the following response options:
yes, no, unclear, and not applicable. The overall appraisal of whether to include, exclude, or

seek further information on studies according to the results of questions mentioned above.

Risk of bias

Table mentioned below lists the results of the overall risk of bias®>. The complete form used
to examine the risk of bias is shown below. The studies were all cross-sectional studies. In
these studies, the risk of bias was mainly related to not providing a detailed description of
study participants, and the settings and strategies adopted to identify and manage
confounding factors. One study* was determined was given the note “seek further
information” because it did not provide detailed information regarding the inclusion of both
study participants and settings and strategies adopted to identify and manage confounding
factors. None of the studies had an overall appraisal category of “exclusion.” Most studies
provided detailed information regarding strategies adopted to identify and manage

confounding factors.
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