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Abstract
Although neurobiologic and genetic factors figure prominently in the development of attention deficit/hyperactivity disorder 
(ADHD), adverse physical health experiences and conditions encountered during childhood may also play a role. Poor health 
is known to impact the developing brain with potential lifelong implications for behavioral issues. In attempt to better under-
stand the relationship between childhood physical health and the onset and presence of ADHD symptoms, we summarized 
international peer-reviewed articles documenting relationships between a select group of childhood diseases or health events 
(e.g., illnesses, injuries, syndromes) and subsequent ADHD outcomes among children ages 0–17 years. Drawing on a larger 
two-phase systematic review, 57 longitudinal or retrospective observational studies (1978–2021) of childhood allergies, 
asthma, eczema, head injury, infection, or sleep problems and later ADHD diagnosis or symptomatology were identified and 
subjected to meta-analysis. Significant associations were documented between childhood head injuries, infections, and sleep 
problems with both dichotomous and continuous measures of ADHD, and between allergies with dichotomous measures 
of ADHD. We did not observe significant associations between asthma or eczema with ADHD outcomes. Heterogeneity 
detected for multiple associations, primarily among continuously measured outcomes, underscores the potential value of 
future subgroup analyses and individual studies. Collectively, these findings shed light on the importance of physical health 
in understanding childhood ADHD. Possible etiologic links between physical health factors and ADHD are discussed, as 
are implications for prevention efforts by providers, systems, and communities.

Keywords Attention deficit/hyperactivity disorder · Meta-analysis · Childhood physical health · Pediatrics · Head injuries · 
Sleep problems · Infections · Allergies

Introduction

Attention deficit/hyperactivity disorder (ADHD) is the most 
prevalent neurodevelopmental condition of childhood, with 
8% of all US children ages 3–17 years estimated to have 
a current diagnosis (Bitsko et al., 2022). This represents a 
substantial portion of the population with a chronic condi-
tion characterized by impulsivity, hyperactivity, and inat-
tentiveness often requiring specific support services and 
medications for comprehensive care (Wolraich et al., 2019), 
amounting to significant economic impact (Doshi et al., 
2012). Although many individuals with ADHD can func-
tion adaptively, particularly with appropriate therapies and 
supports, the condition’s symptoms can present considerable 
challenges addressable through prevention, treatment, and 
support (Sonuga-Barke & Halperin, 2010; Wolraich et al., 
2019).
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Treatment for child and adolescent ADHD typically 
includes supporting positive behaviors and addressing co-
morbid medical and psychological conditions, such as ado-
lescent substance use (Wolraich et al., 2019). From a clinical 
standpoint, screening and management of ADHD can be 
both time and resource intensive, requiring familiarity with 
known risk factors and treatment guidelines. This is fur-
ther complicated by the fact that, although children possess 
remarkable resilience, they are vulnerable to developmental 
disruptions. Attentional abilities are honed throughout child-
hood and are key for managing the neural processes that 
allow for the acquisition of skills, knowledge, and appropri-
ate social, academic, and adaptive functions (Claussen et al., 
2021; Hanania & Smith, 2010). Children with delays or defi-
cits in these areas may experience adverse outcomes, includ-
ing rejection by peers, academic challenges, and behavioral 
issues (Faraone et al., 2021).

The development of ADHD is likely to involve a com-
bination of multiple environmental and genetic factors that 
individually may have small effects (Faraone et al., 2021), 
Although the heritability of ADHD is established, factors at 
multiple ecological levels can also affect neurodevelopmen-
tal outcomes and are likely more amenable through medical 
and public health intervention (Jensen, 2000; Nigg, 2018). 
Thus, calls have been made to better characterize plausi-
ble risk factors in order to better apportion resources that 
might enhance the condition’s diagnosis, prevention, and 
treatment (Narad et al., 2018; Quach et al., 2018; Sonuga-
Barke & Halperin, 2010). One set of factors that may be 
relevant are health experiences and conditions during child-
hood, particularly as efforts to identify and manage ADHD 
symptoms often involve healthcare providers and systems 
(Wolraich et al., 2019). Certain early-life experiences that 
typically come to the attention of healthcare providers could 
be opportune for intervention to prevent direct morbidity 
and mortality, as well as for possible auxiliary benefits for 
ADHD.

The literature points to several childhood physical health 
factors shown to be associated with ADHD symptom onset 
and severity, such as injuries (Adeyemo et al., 2014; Narad 
et al., 2018), infectious disease (Mora et al., 2020), nutri-
tional status (Curtis & Patel, 2008), atopic conditions such 
as allergies, eczema, and asthma (Cortese et  al., 2018; 
Miyazaki et al., 2017; van der Schans et al., 2017), sleep 
problems (Mehta et al., 2019; Weiss et al., 2015), and health-
care-related exposures, such as corticosteroid use (Crowther 
et al., 2016). A firm understanding of the etiology explain-
ing these associations remains elusive (Faraone & Larsson, 
2019), with evidence to date positing that the pathogenesis 
of ADHD reflects the range of mechanisms through which 
blood oxygen, blood flow, and injury or inflammation can 
impact the systemic immune and neuroendocrine systems 
(Allred et al., 2017; Verlaet et al., 2014). Effectively, such 

insults could impact the central nervous system, possibly in 
regions governing executive function (Buske-Kirschbaum 
et al., 2013), motor activity (Teicher et al., 2000), or tempo-
ral information processing (Toplak et al., 2006). Individual 
factors are unlikely to trigger ADHD symptom onset alone, 
and ADHD subtypes do not necessarily correlate with con-
sistent pathophysiologic profiles (Poelmans et al., 2011; 
Wallis et al., 2008).

In the absence of obvious genetic or pathophysiologic 
mechanisms to serve as intervention targets, focusing on 
potentially modifiable child health experiences with reliable 
associations to ADHD could represent more proximal levers 
for improving population health (Fagan et al., 2019; Halperin 
et al., 2012). Thus, the present paper provides meta-analytic 
results to determine whether certain child physical health 
factors are associated with subsequent ADHD symptoms and 
diagnosis.

Methods

This paper leverages a larger set of meta-analyses of poten-
tial risk factors for ADHD in childhood. The review protocol 
of the full set of meta-analyses, which was not previously  
registered, is described in Bitsko et  al. (2022). The  
same literature search and analytic methods were followed 
in each paper, to allow for comparisons of results across 
as well as within papers. We positioned the present paper 
to target physical health conditions or experiences that can 
be encountered in utero or during childhood. Other papers 
report on experiences specific to pregnancy or childbirth 
Bitsko et al. (2022), chemical or environmental exposures 
Dimitrov et al. (under review), or caregiver characteristics 
and behaviors Claussen et al. (2022), Maher et al. (under 
review), Robinson et al. (2022). Here we highlight meth-
odological details pertinent to “childhood physical health 
factors,” defined as health conditions, experiences, or 
healthcare-related exposures that occur in individuals aged 
0 to 17 years. We specifically focused on factors for which 
literature suggests a potential association with ADHD, ulti-
mately including the eight child physical health factors for 
which there was a sufficient body of published studies that 
met eligibility criteria: allergies, asthma, corticosteroid use, 
eczema, head injuries, infections, malnutrition, and sleep 
problems.

Our systematic review focused on non-experimental stud-
ies in which the risk factor of interest took place at least 
6 months prior to assessing the ADHD outcome (i.e., longi-
tudinal or retrospective studies). The systematic review was 
first conducted in 2014, using a bottom-up search approach 
covering terms for ADHD symptomatology or diagnosis and 
known or suspected risk factors, and a top-down approach 
including terms for ADHD symptomatology or diagnosis 
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and terms identifying studies of risk. Search strings used in  
the initial bottom-up approach included terms for infection, 
bacteria, virus, fungus, protozoa, malnutrition, sleep, and  
injury; terms for allergies, asthma, eczema, and corticos-
teroids were identified in the top-down phase (see Bitsko  
et al., 2022 and Appendix 1). This process yielded 208 
potentially eligible childhood physical health articles 
garnered from directed searches and iterative reference  
mining. A secondary review of titles and abstracts was then 
completed, excluding 144 articles. Articles were excluded 
if they had overlapping populations, no relevant exposure 
or outcome measurements, no control group, adult study 
sample, or reporting concurrent measurements of exposure 
and outcome. The remaining 64 articles then underwent full 
text review, further excluding 18 articles that did not contain 
the necessary data for the analyses. In 2021, to account for 
papers that had been published in the interim, we conducted 
a secondary follow-up search applying identical terms and 
criteria from the 2014 review. Papers published from 2014 
to January 2021 were reviewed using the same criteria, 

yielding 11 additional articles for a total of 57 (Fig. 1). Sev-
eral articles contained multiple eligible outcomes or study 
populations, resulting in 69 total effect sizes.

Only factors with at least three effect sizes from indi-
vidual studies for a given ADHD outcome were included in  
reported analyses see Bitsko et  al. (2022). Corticoster-
oids and malnutrition were excluded due to an insufficient 
number of eligible studies. Random-effects models were  
used to estimate weighted, pooled effect sizes accounting  
for the variation in effect size between studies. These calcu-
lations were conducted and presented separately for studies 
in which the results were reported using continuous (e.g., 
means and standard deviations, correlations) vs. dichoto-
mous (e.g., raw counts, odds ratios) outcomes. Correlation 
coefficients (CC) were calculated for continuous statistics, 
and odds ratios (OR) were calculated for dichotomous sta-
tistics. Details on how articles with multiple study popula-
tions, effect sizes, or measures of the outcome were handled 
to ensure independence of observations in each analysis are 
described in Bitsko et al. (2022). Heterogeneity of effect 

Identified Articles for Childhood Physical Health Factors, 
through 2014 (n=208)*

Allergies (n=10)
Asthma (n=15)
Eczema (n=12) 
Infections (n=22)
Head injuries (n=59)  
Sleep (n=107)

Originally Included Articles (n=46)*
Allergies (n=4) 
Asthma (n=6)
Eczema (n=4)
Infections (n=8)
Head injuries (n=17)  
Sleep (n=13)

Articles Excluded Based on Title and Abstract Review 
(n=144)

Allergies (n=3)
Asthma (n=4)
Eczema (n=4)  
Infections (n=7)
Head injuries (n=38)  
Sleep (n=93)Retrieved Articles (n=64)*

Allergies (n=7)
Asthma (n=11)
Eczema (n=8)
Infections (n=15)
Head injuries (n=21) 
Sleep (n=13)

Articles Excluded Based on Full Text Review (n=18)*
Allergies (n=3)
Asthma (n=5)
Eczema (n=4)
Infections (n=7)  
Head injuries (n=4) 
Sleep (n=1)

*Articles may appear in more than one category

All Included Articles (n=57)*
Allergies (n=4) 
Asthma (n=6)
Eczema (n=4)
Infections (n=11)
Head injuries (n=20)  
Sleep (n=18)

Articles Included Based on Follow-up Review, through 
2021 (n=11)*

Infections (n=3)
Head injuries (n=3)
Sleep (n=5)

Fig. 1  Flowchart of triage process for inclusion/exclusion of articles identified for meta-analytic review of childhood physical health risk factors 
for attention
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sizes across studies was assessed using Cochran’s Q statistic 
(DerSimonian & Laird, 1986).

For the current meta-analysis, articles on allergies (i.e., 
type I hypersensitivity reactions) could have included differ-
ent clinical presentations such as allergic rhinitis, conjuncti-
vitis, or sinusitis (Mahr & Sheth, 2005). Studies on eczema 
also included investigations in which the alternate term, 
atopic dermatitis, was used. Studies on childhood infection 
included pediatric exposures to infectious agents in utero 
or postnatally. For studies on childhood head injuries, we 
examined two separate subsets: studies that investigated 
head injury experiences relative to other bodily injuries (e.g., 
burns) and studies that examined head injuries relative to 
normal, healthy controls. Head injuries refer to any mechan-
ical or traumatic injury to a child’s head and could have 
included events ranging from concussions (i.e., mild trau-
matic brain injury) to more severe traumatic brain injuries 
(Haarbauer-Krupa et al., 2018). Sleep problems included any 
descriptions of childhood challenges with sleep duration, 
quality, or consistency.

Results

The 57 included studies were published from 1978 to 2021, 
with nearly half (47%) published since 2010. Studies repre-
sented 253,423 distinct children across 20 countries span-
ning Asia, Australia, Europe, and the Americas. The USA 
was the most commonly represented country (n = 16). The 
identified risk factors were allergies (n = 4), asthma (n = 6), 
eczema (n = 4), infections (n = 11), head injuries (n = 20), 
and sleep problems (n = 18). Notably, three studies contained 
effect sizes for multiple factors; these investigations assessed 
allergy and eczema with either asthma or childhood infec-
tions. We depict study characteristics in Table 1, and forest 
plots with effect sizes and 95% confidence intervals (CIs) 
in Appendix 2.

Effect sizes (ORs and CCs) from random-effects mod-
els with heterogeneity findings are described below and in 
Table 2. For six risk factors, we had sufficient studies to 
calculate weighted effect sizes when examining any ADHD 
outcomes (i.e., across studies that used diagnosis, inatten-
tion, or hyperactivity/impulsivity, from here on referred to as 
ADHD overall). There were fewer factors with the requisite 
number of studies to examine risk based on ADHD diagno-
sis (two factors), inattention (two factors), or hyperactivity/
impulsivity (four factors) as a separate set. The strength of 
association between factors and continuous ADHD out-
comes ranged from 0.12 (95% CI: 0.06, 0.18; sleep with 
ADHD overall) to 0.36 (95% CI: 0.25, 0.47; head injuries 
relative to normal controls with ADHD overall). For dichot-
omous outcomes, significant effect sizes ranged from 1.67 
(95% CI: 1.23, 2.27; head injuries relative to other injuries 

with ADHD diagnosis) to 3.25 (95% CI: 1.61, 6.53; infec-
tions with ADHD overall).

Results by Factor

Several factors typically described as atopic conditions 
were examined in the current analysis, specifically allergies, 
eczema, and asthma. Drawing on four eligible studies with 
dichotomously reported results, childhood allergies were 
associated with greater odds for subsequent ADHD overall 
(capturing both symptoms and diagnoses; OR: 1.71, 95% 
CI: 1.24, 2.37), with no significant heterogeneity detected. 
We did not observe a statistically significant pooled measure 
of association between asthma and ADHD within the seven 
studies with sufficient data, whether defined by dichoto-
mous effect sizes of ADHD overall (k = 4), continuous effect 
sizes of ADHD overall (k = 3), or continuous effect sizes 
for hyperactivity/impulsivity symptoms (k = 3). However, 
for asthma, significant heterogeneity was observed among 
continuously reported effect sizes in the ADHD overall and 
hyperactivity/impulsivity analyses. There was no statistically 
significant association between eczema or atopic dermatitis 
and dichotomous ADHD overall (k = 4), nor was there sig-
nificant heterogeneity. Forest plots of effect sizes are found 
in the supplemental materials.

Among investigations on childhood infections, eligible 
studies demonstrated that infection was associated with 
greater odds for ADHD overall measured dichotomously 
(k = 9; OR: 3.25, 95% CI: 1.61, 6.53). The association of 
infections and dichotomous effect sizes for ADHD diagno-
sis (k = 4) and hyperactivity/impulsivity symptoms (k = 3) 
did not reach statistical significance. Studies reporting con-
tinuous effect sizes evidenced positive associations between 
childhood infections and later ADHD overall (k = 4; CC: 
0.16, 95% CI: 0.06, 0.26). Of note, all infection and ADHD 
risk factor analyses demonstrated significant heterogene-
ity except for the dichotomous ADHD diagnosis effect size 
analysis.

For head injuries, 20 studies were assessed, the most stud-
ies for any of the risk factors we evaluated. Studies compar-
ing head injuries to other injuries evidenced significantly 
higher odds for ADHD, whether defined based on ADHD 
overall (k = 10; OR: 1.89, 95% CI: 1.35, 2.67) or diagnosis 
(k = 7; OR: 1.67, 95% CI: 1.23, 2.27). Head injuries were 
also positively associated with continuous effect sizes for 
ADHD, for ADHD overall (k = 13; CC: 0.27, 95% CI: 0.13, 
0.41), inattention symptoms (k = 9; CC: 0.31, 95% CI: 0.11, 
0.51), and hyperactive/impulsive symptoms (k = 5; CC: 0.21, 
95% CI: 0.11, 0.31). Similarly, for the studies comparing 
head injuries to normal controls, head injury was signifi-
cantly associated with all dichotomous and continuous effect 
sizes we were able to examine. Greater summary odd ratios 
for ADHD overall (k = 8; OR: 2.13, 95% CI: 1.40, 3.25) and 
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ADHD diagnosis (k = 5; OR: 1.96, 95% CI: 1.26, 3.05) were 
estimated for children with head injuries in comparison to 
healthy counterparts. Statistically significant unit increases 
in continuous effect sizes for ADHD overall (k = 10; CC: 
0.36, 95% CI: 0.25, 0.47), inattentive symptoms (k = 7; 
CC: 0.32, 95% CI: 0.11, 0.53), and hyperactive/impulsive 
symptoms (k = 4; CC: 0.29, 95% CI: 0.13, 0.45) were also 
observed. For both sets of head injury studies, we detected 
significant heterogeneity for the studies on dichotomous and  
continuous ADHD overall and inattentive symptoms. For 
this risk factor, there were four studies that used cognitive 
tests of attentional abilities as the outcome, rather than more 
conventional indicators of ADHD symptomology. As a test 
of robustness of our results, we also calculated effects sizes 
for the continuous overall and continuous inattention symp-
toms analyses without those four studies (Anderson et al., 
1998, 2005; Babikian et al., 2011; Catroppa et al., 2007). 
The pattern of results did not change. Absent those four  
studies, head injuries were positively associated with con-
tinuous effect sizes for ADHD overall and for inattention 
symptoms (data not shown).

Sleep problems were associated significantly with ADHD 
overall, inclusive of dichotomous (k = 12; OR: 2.50, 95% CI: 
1.67, 3.75) and continuous (k = 7; CC: 0.12, 95% CI: 0.06, 
0.18) effect sizes. Experiencing issues with sleep duration 
or quality was associated with greater odds for later inatten-
tive (k = 5; OR: 2.92, 95% CI: 1.40, 6.09) and hyperactive/
impulsive (k = 5; OR: 2.50, 95% CI: 1.41, 4.42) symptoms. 
Among these studies on sleep, only the subset of continuous 
effect sizes of ADHD overall was found to have significant 
heterogeneity.

Discussion

This meta-analytic review provides a systematic assess-
ment of select child physical health factors and their lon-
gitudinal association with ADHD, reflecting international, 
primary evidence across 43 years. Statistically significant 
pooled estimates with at least one measure of ADHD were 
observed for allergies, infections, head injuries, and sleep 
problems, suggesting that these health experiences may 
be ADHD risk factors. The findings address gaps in the 
literature by focusing only on studies where risk factors 
precede diagnosis or symptom onset, although this paper 
does not address, nor disprove, the possibility that risk 
factor-ADHD relationships also operate in the opposite 
direction. Possible mechanisms, discussed further below, 
include factors that are causal contributors to ADHD, are 
coincident outcomes with ADHD from a separate underly-
ing factor, increase the likelihood of symptom or diagnosis 
identification, or lead to other exposures or experiences 

that increase ADHD risk. This review points to varied 
opportunities for tailored environmental or medical inter-
vention and prevention efforts that can address these risks.

We found that when aggregating across available ADHD 
outcomes (i.e., ADHD overall), allergies, infections, head 
injuries (examined against both other injuries and healthy 
controls), and sleep problems were significantly associated 
with later ADHD. For risk factors with sufficient studies 
to examine more narrowly defined ADHD outcomes, head 
injury (both subsets) was the only factor significantly corre-
lated with subsequent ADHD diagnosis. For inattentive and 
hyperactive/impulsive symptoms, head injury (both subsets) 
and sleep problems emerged as significantly and positively 
associated. Notably, effect sizes of larger magnitude were 
observed for head injuries, infections, and sleep problems 
compared to other factors. For example, sleep problems 
were associated with almost 3 times the odds of later inat-
tention symptoms. For head injuries and sleep problems, 
significant effect sizes held for outcomes irrespective of 
the way ADHD was measured (diagnosis, by inattentive 
or hyperactive/impulsive symptom, or overall; Table 2). 
These patterns may imply that particular attention could 
be accorded to these risk factors by researchers, clinicians, 
and systems. On balance, this finding may reflect greater 
quantity of study invested in these areas, potentially yield-
ing larger samples factoring into effect size calculations.

Overall, findings exhibit consistency with research 
showing that ADHD is associated with a range of child 
health experiences (Cortese et al., 2018; Mehta et al., 
2019; Miyazaki et al., 2017). Twin studies make clear that 
the development of ADHD has substantial genetic roots, 
but its etiology likely reflects a multifactorial interaction 
between genetic and environmental factors that impact the 
condition’s ultimate expression (Demontis et al., 2019; 
Faraone & Larsson, 2019). Although researchers have pro-
posed that advances in epigenetics will pave new insights 
for primary and secondary prevention (Faraone & Larsson, 
2019; Nigg, 2018; Wallis et al., 2008), efforts to iden-
tify common genetic markers for ADHD remain nascent 
(Demontis et al., 2019). While we await progress in that 
area, our findings support the general notion in previous 
literature that injuries, insults, and inflammation affecting 
the developing brain can result in lasting functional con-
sequences for behavior and attention (Dutil et al., 2018; 
Faraone et al., 2021; Leffa et al., 2019). Whether such 
impacts represent moderators between intrinsic neuro-
physiologic or genetic susceptibility and ADHD severity, 
or direct influences on the brain’s development, requires 
further inspection and may vary by risk factor (Halperin 
et al., 2012; Nigg, 2018). Below we explore findings by 
factor along with plausible mechanisms, sources of het-
erogeneity, and linkages to intervention.
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Interpretation by Factor

Allergies, Asthma, and Eczema

We identified studies focusing individually on allergies, 
asthma, and eczema, as well as several that examined these 
factors in tandem (Suwan et al., 2011; Tsai et al., 2013b), 
in line with these conditions often being classified together 
as atopic diseases. Childhood allergies were associated with 
higher odds for ADHD overall, based on studies that varied in 
methodology such as binary determinations of allergy pres-
ence via medical record or diagnostic code documentation 
(Hak et al., 2013; Tsai et al., 2013b), positive skin prick tests 
for particular allergens (Suwan et al., 2011), or parent report 
of child diagnosis (Tsai et al., 2013a). In contrast, studies 
on eczema and asthma did not reveal significant associa-
tions with later ADHD outcomes. Generally, these findings 
partially echo previous hypotheses that pro-inflammatory 
mechanisms, particularly histamine-driven pathways at play 
in atopic diseases, could play a role in the etiology of ADHD 
(Miyazaki et al., 2017; Pelsser et al., 2009). Inflammatory 
processes may contribute to excess oxidative stress that 
supersedes individuals’ ability to mount antioxidant defenses 
(Joseph et al., 2015).

Our findings contrast some prior research on allergic 
rhinitis (Schmitt et al., 2010), asthma (Chen et al., 2014; 
Cortese et al., 2018; Joseph et al., 2015; Mogensen et al., 
2011; Schmitt et al., 2010), and eczema (Schmitt et al., 
2010), which may reflect study design and measurement 
characteristics or the complex gene-environment inter-
actions of atopic conditions (Nieto et al., 2014). Spe-
cifically, some of the previous studies focused on asso-
ciations rather than focusing analyses on the direction 
of the association with atopic diseases as risk factors 
for ADHD (Cortese et al., 2018; Schmitt et al., 2010), 
whereas Chen et al. (2014) examined atopic disease as 
a single outcome rather than for specific conditions. 
As such, a classic public health approach to risk factor 
avoidance can be difficult to apply for atopic diseases. 
Children who have insufficient exposure to allergenic 
stimuli as well as those with excessive exposures both 
bear risk for atopic disease (Hamelmann et al., 2008; 
Tulic et  al., 2011), and atopy often waxes and wanes 
over the developmental course. It may be that an epide-
miologic nadir exists between over- and under-exposure 
to allergens for optimal population health, inclusive of 
ADHD (Hamelmann et al., 2008). Modification of indoor 
environmental agents, such as tobacco smoke, may help 
limit allergic sensitization and asthma, although the 
strength of evidence on how particular exposures cor-
relate with atopic manifestations has been heterogene-
ous (Kanchongkittiphon et al., 2015; Nieto et al., 2014). 
Similarly, dietary modification has been proposed as an 

approach to influence behavioral issues in some children 
through limiting potential hypersensitivity mechanisms, 
though evidence is mixed (Verlaet et  al., 2014), and 
there is more evidence for a negative impact of generally 
unhealthy diets than specific foods (Faraone et al., 2021). 
Additional research would help clarify when, for whom, 
and at what level atopic disease prevention could benefit 
ADHD-related processes.

Infections

Findings on childhood infections were mixed, and significant 
heterogeneity was found for multiple analyses. Although we 
opted to combine studies into this broad category in order 
to inform public health actions, we recognize that bacterial, 
viral, and other microbial agents exert their effects through 
a range of molecular or pathophysiologic pathways (see 
Jensen, 2000; Mora et al., 2020; Verlaet et al., 2014). In the 
current review, definitions for infection ranged from reports 
of symptoms or syndromes (viral exanthems, otitis media, 
dental caries) to speciated bacterial or viral infections (strep-
tococcus, pneumococcus, enterovirus). Aggregating studies 
with diverse means of classifying infection (e.g., caregiver 
report, infectious processes determined based on laboratory 
data) may have contributed to mixed findings.

Another possible explanation is that the mechanisms link-
ing microbial infection to ADHD symptoms may primarily 
be driven by insults to the developing brain, particularly 
dopaminergic and neurotransmitter systems (Akaltun et al., 
2019; Millichap, 2008); thus, infections that do not interact 
with the nervous system may not be expected to evidence 
these associations. Further, we could not systematically 
evaluate the extent (i.e., local vs. systemic), developmental 
phase, nor length of the infection which would have impli-
cations for the likelihood of nervous system involvement 
and impairment. Because infections represent one of the 
most common experiences of childhood (Weintraub, 2015), 
future research can delineate this further with attention to 
the timing, course, and pathogenic/immunologic profile 
of particular infections. Early prevention and treatment of 
infections, particularly those with established neurophysi-
ologic mechanisms (e.g., group A streptococcal infection; 
Mora et al., 2020), could improve child health outcomes, but 
subgroup effects on ADHD remain to be fully understood.

Head Injuries

Across all outcomes examined and regardless of control 
group used, our meta-analysis revealed that earlier head 
injury was associated with later markers of ADHD. Cou-
pled with research that has helped elucidate temporality of 
the association (Adeyemo et al., 2014; Asarnow et al., 2021; 
Biederman et al., 2015), our findings lend support to the 
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hypothesis that such traumas lead to subsequent ADHD. 
Given that longitudinal studies have helped establish that 
children who have ADHD are prone to accidents or injuries 
(Biederman et al., 2015; Liou et al., 2018), as well as expe-
rience more severe impairment when they do sustain head 
injuries (Bonfield et al., 2013; Levin et al., 2007), head inju-
ries and ADHD may operate in a bidirectional manner. We 
also address the concern raised in previous work that com-
paring children’s head injuries to those with other injuries 
may over-estimate the true relationship strength (Biederman 
et al., 2015), as we observed a significant association even 
among the subset of studies relying on normal controls.

Head injury studies employed a range of means for opera-
tionalizing the presence of traumatic head injuries, includ-
ing medical diagnoses (e.g., Catroppa et al., 2007), parent 
report (e.g., Hawley et al., 2004), and medical record docu-
mentation (e.g., Max et al., 2004). However, further details 
such as injury severity (e.g., concussion vs. severe TBI), 
determination methods (e.g., clinical diagnosis vs. brain 
imaging), or anatomic location were typically not available. 
Such features may explain heterogeneity observed, particu-
larly among continuous effect sizes, and their inclusion in 
future work could add insights to research and practice. 
For example, impairments to the brain’s prefrontal cortex 
have been implicated in both ADHD and traumatic brain 
injuries (Levin et al., 2007), and prevention efforts might 
benefit from enhanced understanding of the circumstances 
surrounding these traumas. For now, interventions at multi-
ple socio-ecological levels including concussion education, 
school return-to-play policies, and state car seat laws are 
being implemented and tested (Yang et al., 2017), and may 
be reasonable actions to address the immediate and long-
term neurodevelopmental morbidity related to such events.

Sleep Problems

We found consistent associations between sleep difficulties and 
all outcomes examined, building upon a body of correlational 
and experimental studies showing how sleep affects execu-
tive function. This research highlights the complex interplay 
between sleep and ADHD, suggesting that sleep issues and 
ADHD may emerge jointly from common neurobiological 
pathways (e.g., melatonin and dopamine metabolism), influ-
ence one another bidirectionally, or a combination thereof 
(Mehta et al., 2019; Weiss et al., 2015). For example, poor 
arousal regulation due to ADHD may lead both to daytime 
inattention and hyperactivity and also present difficulties for 
sleep–wake cycles (Touchette et al., 2007; Weiss et al., 2015).

There is some difficulty in inferring directionality or 
mechanisms of the relationship, as the 18 studies in this 
category examined sleep irregularities in varying ways 
(e.g., sleep disordered breathing, disruptive sleep patterns, 
daytime sleepiness). These problems may reflect anatomic, 

psychosocial (e.g., irregular bedtime), or neurologic dif-
ferences between children and yield behavioral difficulties 
through mechanisms such as hypoxemia (Bonuck et al., 
2012; Mehta et al., 2019). As above, they may also con-
tribute to the heterogeneity observed in this category for 
continuous ADHD overall. Future analyses could pinpoint 
the effect of different types of sleep issues, the influence 
of which may also vary over the course of development 
(Huhdanpää et al., 2019). Interventions could target spe-
cific problems, such as surgical approaches for sleep disor-
dered breathing (Chervin et al., 2005), as well as behavio-
ral approaches for disruptive sleep patterns or short sleep 
durations (Rigney et al., 2018). These approaches are part 
of evidenced-based behavior therapy for ADHD including 
parent training (Wolraich et al., 2019) and providing access 
may address sleep as well as overall functioning.

Implications for Providers and Systems

This paper provides insight into the importance of children’s 
physical health for later ADHD symptoms, with distinct rel-
evance for healthcare providers and systems. Clinicians serv-
ing children who have experienced allergies, head injuries, 
infections, or sleep problems can consider monitoring for 
inattentive, impulsive, or hyperactive symptoms (Claussen 
et al., 2021; Cortese et al., 2018; Millichap, 2008). Providers 
could help distinguish whether behavioral symptoms reflect 
the emergence of primary ADHD or possible reactions to 
underlying chronic disease or stress (Meldrum et al., 2012; 
Pliszka and American Academy of Child and Adolescent 
Psychiatry [AACAP] Workgroup on Quality Issues, 2007). 
Such an approach may promote more timely ADHD evalu-
ation, diagnosis, and intervention for a subset of children 
who may otherwise be missed. It may also be reasonable 
for families of children with ADHD or who exhibit its core 
symptoms to be advised about the conditions identified 
herein, particularly in light of other studies documenting 
bidirectional risk factor-ADHD associations (Liou et al., 
2018; Quach et al., 2018). Providers can consider evaluating 
for and addressing co-occurring conditions that might elicit 
or aggravate difficulties with attention or self-regulation as 
part of their ADHD management and counseling (Wolraich 
et al., 2019). Pediatric integrated behavioral health models 
represent one path for attending to both the medical and 
psychological service needs of affected children (Brundage 
et al., 2021; So et al., 2019).

At the public health level, findings suggest that efforts by 
health, education, and social service systems to assess for, 
and support children with, ADHD could benefit from knowl-
edge about their health history (Pliszka and AACAP Work 
Group on Quality Issues, 2007; Claussen et al., 2021). Public 
health stakeholders might improve ADHD morbidity through 
deploying prevention strategies targeting risk factors, such as 
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concussion prevention policies (Yang et al., 2017), or their 
social and structural determinants. Focusing on children dis-
proportionately impacted by both physical health conditions 
and ADHD, such as those in low-income families (Brown, 
2010; Danielson et al., 2018), may help advance health equity. 
Further, universal public health actions can be considered to 
improve population outcomes, even though contributing pro-
cesses for each risk factor may vary. For example, delayed 
school start times (Weiss et al., 2015) can improve children’s 
sleep at the population level, even if individual children have 
issues rooted in neurological, psychosocial, anatomical, or 
multifactorial etiologies (Rigney et al., 2018). For some fac-
tors, additional study would help inform the design of optimal 
and equitable prevention approaches. Meaningful population-
wide impact for any of these risk factors will likely benefit 
from incorporating both universal and targeted prevention 
(Dodge, 2020; Fagan et al., 2019).

Finally, in addition to mitigating risks, systems could con-
sider promoting protective factors that might buffer children—
particularly those already affected by health conditions—from 
developing or exacerbating ADHD symptoms. For example, 
strategies to support children’s cognitive enrichment or physical 
activity may promote structural and functional neurodevelop-
ment to affect the trajectory of behavioral symptoms (Halperin 
et al., 2012). This approach may be particularly salient for those 
factors where a linear relationship between exposure and health 
status is less clear, in which case universal primary prevention 
may not be advisable (e.g., allergies; Hamelmann et al., 2008). 
Ultimately, preventing the developmental processes leading to 
ADHD may be more resource efficient, as long-term medica-
tion and behavioral treatments, once indicated, can be difficult 
for families to access and maintain (So et al., 2019; Wolraich 
et al., 2019). As knowledge about ADHD prevention strategies 
grows, concurrent system efforts to expand access to ADHD 
treatment and supports remain nonetheless vital.

Limitations

Despite numerous strengths similar to those described in 
Robinson et al. (2022), this meta-analytic review has limi-
tations. First, child health factors can be related to other 
variables, such as perinatal Bitsko et al. (2022) or chemi-
cal factors Dimitrov et al. (under review), that might medi-
ate or moderate relationships observed. For example,  
adverse prenatal experiences can contribute to stress-related  
neuroendocrine immune activation in children with genetic 
predisposition to ADHD, thereby creating a window of vul-
nerability for children exposed to additional insults such as 
head injury (Allred et al., 2017). Second, we were able to 
examine only a select group of child health risks for which 
there were adequate data. Future research could examine 
other factors we initially considered, such as malnutrition 

and corticosteroids (Tsai et al., 2018; Verlaet et al., 2014), 
or other insults to the developing nervous system (e.g., brain 
tumors; Hardy et al., 2018). Furthermore, for factors with 
relatively fewer included studies (e.g., allergies, asthma, 
eczema) and with large variations in sample size, additional 
research may identify significant associations. Relatedly, as 
with all studies based on published literature, these results 
cannot be assumed to generalize beyond the populations in 
the included studies. Third, the absence of significant find-
ings for certain factors may reflect methodological limits 
rather than lack of an empirical relationship. Fourth, we 
could not evaluate the timing (e.g., early vs. middle child-
hood infections) or severity (e.g., frequency of head injuries) 
of risk factor exposures, nor time-to-event outcomes. This 
is a notable challenge, as both child health experiences and 
ADHD are developmentally sensitive (Rice & Barone, 2000; 
Sonuga-Barke & Halperin, 2010). We cannot exclude the 
possibility that child health experiences and ADHD symp-
toms occurred contemporaneously, even if assessment or for-
mal diagnosis of ADHD took place at a later timepoint than 
exposure assessment (Asarnow et al., 2021). Additionally, 
recent research has shown shared genetic risk for ADHD 
and somatic conditions, suggesting that these disorders may 
be different manifestations of similar genotypes rather than 
causal risk factors (Brikell et al., 2021; Garcia-Argibay et al., 
2022); additional research is needed to further understand 
these relationships. Further complicating matters, certain 
conditions like allergies can emerge and recede over time 
precluding straightforward temporal inferences. Additional 
investigation into the role of chronicity, timing, and severity 
can guide more precise prevention and diagnostic efforts.

Finally, we observed significant heterogeneity for sev-
eral risk factors examined, especially with continuous out-
comes, suggesting variability in the magnitude or direction 
of estimates from individual studies (see Table 2). This 
result may be unsurprising, as we did not limit our meta-
analyses based on key elements that may lead to hetero-
geneity, such as differences in measures of risk, severity 
of exposures, or other study design characteristics. For 
instance, although factors were grouped together concep-
tually, exposures within individual studies may confer risk 
for ADHD via distinct mechanisms (e.g., different path-
ways of microbial pathogenesis under “childhood infec-
tions”) or might operate only above a certain threshold. 
Relatedly, exposures we conceived of as separate factors 
(e.g., “allergies” and “asthma”) may in reality share a com-
mon etiologic pathway toward ADHD, such as oxidative 
stress (Joseph et  al., 2015). Heterogeneity seen across 
multiple factors suggests that these effect sizes should be 
interpreted cautiously and explored for possible subgroup 
or outlier effects. Undertaking these additional analyses 
herein was considered, but such efforts could have rendered 
several factors with insufficient effect sizes to produce 
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pooled estimates. Overall, study decisions were guided by 
a public health approach to child development, recogniz-
ing that identification of ADHD correlates can help inform 
key focal areas for intervention (Fagan et al., 2019). In 
using random-effects models, our meta-analysis offers a 
statistically conservative initial profile of select risk fac-
tors’ associations, laying the groundwork for future study.

Conclusion

Drawing upon data from a quarter-million children over four 
decades, we identified childhood physical health risk factors 
associated with increased likelihood of later ADHD symp-
toms or diagnosis. This work expands the scope of previous 
evidence syntheses by focusing on antecedent health expe-
riences, considering both ADHD diagnosis and constitu-
ent symptoms, and applying identical methods to examine 
multiple plausible risk factors simultaneously. Systems and 
healthcare providers may be well positioned to influence 
ADHD outcomes by considering these preventable, and 
sometimes treatable, health issues, such as childhood head 
injuries and sleep problems. Available clinical and public 
health strategies (e.g., screening tools, educational pro-
grams, policies) that identify or ameliorate physical health 
risk factors may foster neurodevelopmental health for chil-
dren and their families.

Appendix 1

Search terms used for meta-analytic review of childhood 
physical health risk factors for attention deficit/hyperactivity 
disorder (ADHD).

Component Search terms

Attention deficit/hyperactivity 
disorder (ADHD) related terms

(((“attention deficit”) OR (“hyper-
activity disorder*”) OR (“deficit 
hyperactiv*”) OR (“ADHD”) 
OR (“deficit disorder*”) OR 
(“minimal brain dysfunction”) 
OR (“minimal brain damage”) 
OR (“MBD”) OR (“brain 
injured child syndrome*”) OR 
(“hyperactive child syndrome*”) 
OR (“hyperactive syndrome*”) 
OR (“impulse disorder*”) OR 
(“hyperkinetic disease”) OR 
(“hyperkinetic syndrome*”) 
OR (“hyperkinetic reaction 
of childhood”)) OR ((“ADD” 
AND (disorder OR attention OR 
hyperactiv*))) OR ((“attention 
problem*”) OR (“inattenti*”) 
OR (“hyperactiv*”) OR (“hyper-
kines*”)))

Component Search terms

Child health terms AND (((“nutrition*”) OR (“defi-
cienc*”) OR (“iron”) OR (“fer-
ritin”) OR (“transferrin”) OR 
(“anemia”) OR (“copper”) OR 
(“zinc”) OR (“magnesium”) OR 
(“polyunsaturated fatty acids”) 
OR (“fatty acid*”) OR (“folate”) 
OR (“nutritional surplus*”) 
OR (“fat”) OR (“sugar*”) 
OR (“sodium”) OR (“food 
additive*”) OR (“food color 
additive*”) OR (“food color*”) 
OR (“FD&C Yellow”) OR 
(“FD&C Red”) OR (“preserva-
tives”) OR (“sodium benzoate”) 
OR (“diet”) OR (“IgG”) OR 
(“western diet”) OR (“malnutri-
tion”) OR (“electronic*”) OR 
(“television”) OR (“TV”) OR 
(“video game*”) OR (“screen 
time”) OR (“sleep”) OR (“built 
environment”) OR (“nature”) 
OR (“green space”) OR (“physi-
cal activity”) OR (“exercise”) 
OR (“injury”) OR (“infection*”) 
OR (“bacteria*”) OR (“viral”) 
OR (“virus”) OR (“fungus”) OR 
(“fungal”) OR (“protozoa*”)))
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