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Abstract

Background: Attention‐deficit/hyperactivity disorder (ADHD) is a prevalent,

impairing, and highly heritable condition typically diagnosed in middle childhood.

However, it is now recognized that symptoms emerge much earlier in development.

Research focused on understanding—using multiple units of analysis—the cascade of

early‐life (i.e., prenatal‐infant‐toddler) developmental changes that will later emerge
as ADHD has the potential to transform early identification, prevention, and

intervention. To this end, we introduce the recently established Early ADHD Con-

sortium, an international network of investigators engaged in prospective, longitu-

dinal studies of risk for ADHD beginning early in life, conducted within a

developmental framework, and which incorporate multimethod approaches. This

network seeks to harmonize measures and methodological approaches to increase

the potential for data sharing and subsequent impact.

Methods: This perspective paper highlights the importance of investigating pre‐
diagnostic markers of ADHD, and potential models and mechanisms of ADHD risk

and development, with the long‐term objective of facilitating development of pre-
emptive interventions that will minimize the impact of ADHD symptoms on

everyday functioning and maximize health and developmental outcomes.

Results: We selectively describe key challenges and questions for this field related

to theoretical models and developmental mechanisms in ADHD and recommend

next steps for the science, including methodological, measurement, and study design
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considerations. We then describe potential implications for preemptive intervention

development. We conclude by considering other issues including ethical concerns

and the critical value of incorporating stakeholder input.

Conclusions: It is hoped that this perspective puts forth a research agenda that will

enhance collaborative efforts and accelerate progress in understanding develop-

mental mechanisms and the early ADHD phenotype, with implications for early

intervention enhancement of healthy development for infants, young children, and

their families.

K E YWORD S

ADHD, early development, infancy, longitudinal, prevention, prospective

INTRODUCTION

Attention‐deficit/hyperactivity disorder (ADHD) is an impairing

neurodevelopmental disorder with global prevalence estimated at

3%–5% (Polanczyk et al., 2015). Although typically diagnosed in

middle childhood (Visser et al., 2014), core ADHD symptoms often

emerge in the preschool period and temperamental or other pre-

cursors may be apparent even earlier. Affected individuals follow

heterogeneous, multifinal developmental pathways and show dysre-

gulation across multiple domains, including attentional control (e.g.,

maintaining/shifting attention), arousal (e.g., alerting/initiation), ex-

ecutive functioning (e.g., inhibiting a behavior, working memory,

planning, organization), and emotion regulation (e.g., regulating in-

ternal emotional states and behavioral expressions of emotion)

(Faraone et al., 2019). Indeed, ADHD is associated with long‐term
impairment (Kuriyan et al., 2013; Larson et al., 2011), often por-

tends other later‐emerging forms of psychopathology (Barbaresi
et al., 2013), and frequently co‐occurs with other conditions (e.g.,
depression [e15%], anxiety [nearly 20%], oppositional defiant or

conduct disorder [e40%], specific learning disorder [>40%]); the ma-
jority of children with ADHD have at least one co‐occurring mental
health or neurodevelopmental diagnosis (Cuffe et al., 2020; Larson

et al., 2011). Because ADHD is usually the first of these conditions to

emerge (Kessler et al., 2014) and appears to exert a casual influence

on the later co‐occurring conditions (Riglin et al., 2021; Treur
et al., 2021), it plays an outsized role in public health. Its early

identification and mechanistic understanding could enable preventive

interventions that reduce the incidence of impairing levels of ADHD

symptoms but also a range of other impairing, subsequent compli-

cations and conditions.

Why study very early development of ADHD?

There is growing evidence to suggest that the etiological mechanisms

associated with ADHD act predominantly before the age at which

symptoms can be reliably measured, supporting efforts to investigate

developmental precursors and biomarkers associated with ADHD.

First, doing so can lead to a more complete understanding of ADHD.

ADHD is highly heritable (0.7–0.8; Faraone & Larsson, 2019) and

polygenic scores computed from ADHD‐related common genetic
variation are at least somewhat predictive of aspects of ADHD

(Agnew‐Blais et al., 2021; Groen‐Blokhuis et al., 2014), with neuro-
developmental gene pathways implicated (Cross‐Disor-
der Group of the Psychiatric Genomics Consortium, 2019). Moreover,

established environmental risk factors for ADHD are heavily

concentrated in early life including the prenatal and antenatal periods

(Kim et al., 2020), although direct causal evidence remains limited.

Prenatal risk factors may be related to prenatal stress, poor nutrition,

and/or maternal metabolic state as discussed below, and are hy-

pothesized to influence changes in brain development in conjunction

with genetic factors which, in turn, contribute to the subsequent

emergence of behavioral symptoms.

Second, while not all of these factors are immediate intervention

candidates, work in this area has the potential to both (a) identify

individuals at risk through more complete early risk indicators, and

(b) discover novel ways to intervene to maximize healthy brain

development and prevent clinically impairing symptoms of ADHD

and other conditions. A key goal is identifying how these factors

shape human brain development and behavior, particularly during

the fetal, infant, and toddler periods, when experience‐expectant and
dependent neural plasticity is maximal, so that novel interventions

can be developed that prevent cascading effects of early difficulties

Key points

� ADHD is a prevalent and impairing condition typically

diagnosed around age 7, but it is increasingly acknowl-

edged that symptoms emerge much earlier.

� Research focused on understanding the cascade of early‐
life developmental changes that occur in ADHD across

multiple levels of analysis has the potential to transform

early identification and intervention.

� We established the Early ADHD Consortium, a network of

investigators engaged in prospective, longitudinal studies

beginning early in life, conducted within a developmental

framework, and which incorporate multimethod ap-

proaches; we describe key features of this work in an

effort to outline a research agenda for the field.

� We seek to more rapidly advance our understanding of

early developmental pathways to ADHD, improving

outcomes for infants/young children at risk.
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and optimize health and functioning. Understanding these early

mechanisms may also point to more sensitive and specific markers of

ADHD risk that will facilitate early identification more broadly, a

topic we turn to later.

What do we know?

Existing knowledge of early manifestations and precursors of ADHD

comes from several sources including retrospective studies and chart

reviews, large community‐based samples not selected for ADHD risk
(Arnett et al., 2013; Johnson et al., 2014; Willoughby et al., 2017),

prospective studies of other conditions (e.g., autism, preterm infants)

(Miller et al., 2018), and, more recently, prospective studies of infants

at familial risk for ADHD (Auerbach et al., 2008; Miller et al., 2020;

Reetzke et al., 2022; Sullivan et al., 2015). Combined, this work

suggests that broad and non‐specific phenotypic differences among
infants and young children who later develop ADHD may be evident

as early as the first year of life. Recent reviews (Johnson et al., 2015;

Nigg et al., 2020; Shephard et al., 2022) highlight the range of early

developmental features that have been associated with later ADHD,

including decreased rate of head growth and cortical volume in the

first year, reduced visual‐motor integration, atypical achievement of
motor and language milestones, and early temperamental features

(e.g., increased irritability, low adaptability, increased negative

affectivity). Many of these factors are non‐specific, linked to other
neurodevelopmental outcomes (e.g., autism; Johnson et al., 2015) and

risk factors (e.g., preterm birth; Cassiano et al., 2020). With respect to

core ADHD symptom dimensions in early development, the literature

is mixed. Increased activity level among toddlers at familial risk for

ADHD or autism who develop elevated ADHD symptoms (but not

autism) by preschool has been reported in some samples (Miller

et al., 2020; Reetzke et al., 2022) but this is not as clear among in-

fants (Johnson et al., 2014). In one sample, atypical development of

sustained visual attention from 3 to 24 months was found among

infants at familial risk for autism who later developed ADHD (in the

absence of autism) (Miller et al., 2018). Current challenges include

that effect sizes for individual predictors remain, on average, rela-

tively small or non‐specific and poorly understood at a mechanistic
level, and that there is a lack of research examining the dynamic

interplay among predictors (Tobarra‐Sanchez et al., 2022). Second,
full clinical syndromes are not apparent in the infant and toddler

periods; instead, investigators must rely on precursive measures such

as temperament, early cognition, measures of self‐regulation, and
others that are only partially related to actual clinical features later.

Identifying the developmental linkages here is a key goal (Nigg

et al., 2020). Third, harmonizing findings from selected versus pop-

ulation samples, and prospective and retrospective designs, remains

needed.

Investigations of the early development of other neuro-

developmental conditions like autism have provided insights (Szat-

mari et al., 2016) that may inform research on the developmental

unfolding of ADHD early in life, although modified ascertainment

designs may be needed. For example, prospective studies focused on

infant siblings of children with autism have affirmed that the earliest

signs of a clinical condition do not necessarily share the same surface

features as its later behavioral manifestation (Johnson et al., 2015;

Szatmari et al., 2016; Talbott & Miller, 2020). Early precursors of

future ADHD may therefore appear across a broader range of phe-

notypes such as negative affect, differing attentional patterns across

ages, and to‐be‐identified metabolic, biological, cognitive, neural,
and/or behavioral features. Prospective autism infant sibling studies

have also, however, supported the contention that neuro-

developmental differences emerge prior to overt symptoms, sup-

porting the inclusion of neural and metabolic as well as behavioral

features in these studies. Unsurprisingly, this work suggests that

correlated features, such as infant negative affectivity, are likely to

be non‐specific indices of risk, exemplifying both equifinality and
multifinality (Cicchetti & Rogosch, 1996). Nonetheless, these can be

extremely useful when paired with other features in prospective

designs. In fact, these prospective infant sibling studies are ideally‐
suited to examine equifinal and multifinal outcomes given the docu-

mented higher likelihood of ADHD diagnosis (in the absence of

autism) among younger siblings of children with autism or ADHD

compared to younger siblings of children with no known diagnosis

(though, importantly, the majority of younger siblings do not develop

either condition) (Miller et al., 2019a). Thus, the focus on a single

outcome (e.g., ADHD diagnosis), or a presumption of specificity, may

obscure these patterns and lead to inaccurate causal models. Finally,

these prospective studies emphasize that trajectories of change and/

or stability (vs. transiency) of concerns may be more robustly pre-

dictive of outcomes than data obtained at a single timepoint,

signaling the value of repeated measurements over time which allow

trajectory modeling.

Setting a research agenda

Increasingly sophisticated theoretical frameworks for understanding

the emergence of neurodevelopmental disorders across genes, brain,

and behavior are emerging but have yet to be fully integrated into

most empirical work. Current approaches mainly support identifica-

tion of ADHD once children experience significant impairment,

typically not until early or middle childhood. Specification of theo-

retical frameworks for ADHD with a focus on precursors in infancy

and early childhood could guide the field more effectively, increasing

the efficiency of targeted hypothesis testing within high‐resource
studies and the prospects for the development of earlier in-

terventions. Here, we highlight the importance of investigating pre‐
diagnostic markers of ADHD with the long‐term objectives of (1)

better understanding causal mechanisms, developmental pathways,

and predictive markers; (2) facilitating early identification; and (3)

supporting the development of preemptive interventions that will

shift trajectories to enable maximal health and development. We

begin by briefly reviewing relevant theoretical models and mecha-

nisms. We then describe promising methods, measurement strate-

gies, and study designs with which to undertake this work. Next, we

highlight the ways in which research focused on developmental

mechanisms and the early ADHD phenotype could be used to inform

the development of preemptive interventions. We conclude by

considering ethical issues, as well as the critical role of stakeholder

input. Throughout, we emphasize the importance of cross‐site
collaborative work through research networks focused on these

goals, including the newly‐formed Early ADHD Consortium.
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CAUSAL MECHANISMS AND PREDICTIVE MARKERS

Models and mechanisms

Characterization of developmental features that presage later ADHD

is critical to building and refining robust theoretical models. Because

neurocognitive changes observed in children with ADHD could be

secondary to experiential and environmental alterations evoked by

early‐emerging symptoms, prospective studies are essential to

identifying temporal precedence, a key component of causal models.

Ideally, such studies would begin in pregnancy. Many etiological risk

factors for ADHD are shared with other neurodevelopmental con-

ditions, and transdiagnostic mechanisms, such as inflammation, have

been suggested (Dunn et al., 2019; Graham et al., 2022; Gustafsson

et al., 2020). The fetal programming hypothesis (Monk et al., 2019;

Wadhwa et al., 2009) proposes that alterations in the fetal environ-

ment may lead to adaptive changes in the fetus that, if later mis-

matched with the postnatal environment, can cause

psychopathology; the nature of these mismatches may be one route

through which diagnostic specificity occurs.

Prenatal risk factors are often associated with genetic risk (that

is, passive genotype‐environment correlation), complicating distinc-
tions between genetic and environmental effects. For example, well‐
designed adoption and sibling cohort studies have recently chal-

lenged the presumed causal role of maternal smoking on ADHD

(Thapar et al., 2009) while affirming other effects (e.g., pregnancy

stress, obesity, low birth weight; Kim et al., 2020). In other neuro-

developmental conditions like autism, a graded liability model has

been demonstrated, whereby the effect of rare and common variants,

sex, and likely environmental factors act additively to increase risk

(Antaki et al., 2022). Diagnostic specificity may be driven by common

variant profiles shaping complex brain systems, whereas broader

vulnerability may result from rare, more penetrant mutations and

large environmental impacts (Myers et al., 2020; Niemi et al., 2018).

Indeed, there is some evidence that copy number variations and

single gene disrupting mutations, of the kind associated only with

autism and/or intellectual disability, are also associated with the

ADHD phenotype (Harich et al., 2020; Thapar, 2018). Moreover, with

the publication of the first genome wide association study to identify

allelic variants of significance for ADHD in 2019 (Demontis

et al., 2019), the potential to investigate polygenic risk and neuro-

genetic pathways, along with their interactions with environmental

factors (Havdahl et al., 2022), as causal mechanisms for ADHD has

been enhanced.

Genetic and environmental risk factors likely exert their influ-

ence in large part by altering neurocognitive development. Although

cognitive correlates of ADHD in childhood are well described

(Willcutt et al., 2005), most of the work conducted in infancy has

focused on broad indicators (e.g., overall development) or has used

questionnaire or behaviorally‐coded indices (Shephard et al., 2022)
that may be only modestly correlated with experimental measures

of neurocognitive function. Although these subjective measures can

be useful for clinical prediction, other methods are required to

dissect precise cognitive mechanisms. One approach is to assume

continuity in the cognitive features altered across development; this

would favor identifying paradigms that reliably challenge control of

top‐down attention but do not require complex expressive or

receptive language skills or motor responses. However, many

cognitive functions associated with childhood ADHD (working

memory, response inhibition, arousal regulation) exist in only

vestigial form in infants and toddlers, and some measures, such as

attentional look times in infants, require careful interpretation that

may not be isomorphic with childhood measures of related con-

structs. Models that address these challenges deserve heavier use in

studies of the emergence of psychopathology and are a key target

for this consortium.

Other models highlight early temperamental differences such as

low effortful control (i.e., self‐regulation) and high surgency (i.e., ex-
traversion/positive affect) and negative affect as risk markers for

ADHD. Several small studies have found that high negative affect and

low attentional control are related to familial ADHD risk as early as

6 months of age (Auerbach et al., 2008; Sullivan et al., 2015). Recent

results from large‐scale, population‐based samples not selected for
ADHD risk have documented elevated temperament‐based activity
levels in the first 30 months of life in relation to later ADHD diag-

nosis or symptoms (Tobarra‐Sanchez et al., 2022) and ADHD poly-
genic risk scores (Riglin et al., 2022). Other large studies have

amplified these findings in relation to developmental cascades by

highlighting the moderating role of early caregiving (Miller

et al., 2019b). Distinct temperamental profiles may lead to an equi-

final ADHD outcome (Kerner auch Koerner et al., 2018) but with

partially independent associations to symptom domains and co‐
existing psychopathology (Bunford et al., 2021; Martel et al., 2009;

Rutter & Arnett, 2021). In addition, understanding links between

temperamental variation and early trajectories of cognitive and brain

function is important, given the emerging hypothesis that excessive

early infant negative affect may causally disrupt development of top‐
down cognitive control in the preschool years (Nigg et al., 2020;

Rabinovitz et al., 2016). Thus, a major goal of studies organized by

the consortium is to clarify patterns of early temperament develop-

ment and the transactional influences of early affect and attention

development on each other.

Direct measures of brain function may be highly translatable

over development and across species, allowing greater traction for

identifying biological mechanisms. For example, there has been an

explosion of interest in aperiodic activity in the electroencephalo-

gram (EEG) power spectrum, which is theorized to reflect cortical

excitation/inhibition balance (Ostlund et al., 2022) and appears

related to both ADHD familial risk in infancy and ADHD diagnosis in

later childhood in cross‐sectional samples (Karalunas et al., 2022).
Interestingly, these effects may also be shared with autism (Shuffrey

et al., 2022). The most investigated EEG feature in ADHD is the

enhanced theta‐beta ratio, which is a measure of slow relative to fast
neural oscillatory power and reflects both periodic and aperiodic

influences. One recent study identified alterations in this ratio among

infants with familial ADHD risk (Begum‐Ali et al., 2022). However,
theta‐beta ratio effect sizes in diagnosed children have decreased
over time (Arns et al., 2013), possibly due to clinical and etiological

heterogeneity in ADHD, as well as inclusion of more representative

comparison samples in recent research (Alperin et al., 2019). Other

studies in infants have focused on single bands (e.g., theta) to

differentiate clinical risk (Shephard et al., 2019). An important di-

rection for the field (and this consortium) is clarifying which alter-

ations in brain function are most sensitive and specific to ADHD risk.

4 of 14 - MILLER ET AL.
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Family environment is likely a cross‐cutting moderator of early
brain‐ and behaviorally‐based developmental trajectories associated
with ADHD. However, evidence linking specific familial characteristics

to ADHD outcomes remains sparse. Relevant dimensions include

stress and parenting quality/styles (e.g., sensitivity/scaffolding during

infancy/early childhood, discipline, monitoring, authoritarian/author-

itative style at older ages), parental relationship status, and parental

maltreatment, among others (Claussen et al., 2022; Miller

et al., 2019b). The impact of parental ADHD on the home environment

may be highly nuanced and can include increased chaos and reduced

socioeconomic resources, greater parental empathy, and/or increased

dyadic emotional conflict escalation. Reciprocal‐transactional pro-
cesses among child‐level and contextual factors (e.g., parent behavior)
are likely significant (Agnew‐Blais et al., 2022). Mitigating in-

terventions may prevent cascading effects while enhancing compen-

satory factors, but the role of gene‐environment correlations must be
considered. A major goal of the Early ADHD Consortium is to undertake

studies that span levels of analysis to clarify how the early family

environment affects neural, cognitive, behavioral, and emotional

development to either potentiate or mitigate risk.

Methods, measurement, & study design

Research on early precursors to ADHD has taken many forms, but the

use of familial risk designs in this population is growing. Such designs

rely on recruitment of infants who have a family history of ADHD,

which has typically been defined as having a diagnosed first‐degree
relative (i.e., older sibling or parent). Some studies have focused on

pregnant mothers with ADHD, following their offspring over time

(Gustafsson et al., 2020; Sullivan et al., 2015). As described earlier,

these designs have produced novel and intriguing findings in recent

years (Begum‐Ali et al., 2022; Joseph et al., 2022; Miller et al., 2021;
Sullivan et al., 2015), suggesting that they are both feasible and fruitful.

Research focused on infants with elevated likelihood for ADHD

has traditionally relied heavily on parent or observer reported

temperament and behavior. Many early behavioral rating tools are

psychometrically strong but lack normative samples that would sup-

port their translation into clinical decision‐making. Similarly, while
core domains affected by ADHD are thought to be relevant across the

lifespan, their behavioral expression varies widely across development

(i.e., heterotypic continuity), limiting measurement continuity in lon-

gitudinal research. Moreover, the validity of measuring DSM‐defined
ADHD symptoms in toddlerhood is complicated by the fact that many

of these behaviors are considered developmentally appropriate at this

age.

Although some ADHD rating scales are validated for use as early

as 24 months of age, the majority of reliable measures are normed for

preschool‐age children or older (øvergaard et al., 2018; Rimvall
et al., 2014). Parent/caregiver report should be a component of any

study focused on the early development of ADHD as they provide a

unique perspective on the infant/young child within the home and

family environment. That said, over‐reliance on parent/caregiver
report presents challenges regarding differences in caregiver under-

standing of normative development and behavior and the potential

influence of parental symptoms and/or having an older child with

ADHD to bias the caregiver's perspective and ratings. Direct

observation, especially observations made by coders unaware of the

child's family history or prior evaluations, is a valuable addition to

studies focused on the early ADHD phenotype, but can be labor‐
intensive. Beyond child‐specific symptoms/behavior, other poten-
tially useful measurement tools include parent‐child interaction ac-
tivities; standardized developmental measures; and measures of

contextual factors such as family environment, parenting stress, and

neighborhood factors.

Methods without behavioral demands are useful for testing many

of themodels described in the previous section including eye‐tracking,
pupillometry, heart rate, and accelerometry (wearable motion‐based
activity monitors). These methods are feasible for repeated adminis-

tration across early development but have been used less frequently

despite theoretical support (Mehta et al., 2019; Unsworth & Robi-

son, 2017; Weigard et al., 2018) and well‐defined links to central and
autonomic nervous system functioning, cognitive performance, and

self‐regulation. Such objective approaches have the potential to reveal
mechanisms and identify early differences that distinguish infants who

go on to develop ADHD from those who do not. Noninvasive

brain imaging methods (EEG, near infrared spectroscopy, MRI) are

also increasingly being used with infants and toddlers (Goodwin

et al., 2021a; Karalunas et al., 2022), and novel fetal brain imaging

methods are emerging (Thomason, 2020). Thesemethodsmay provide

increased objectivity, but questions remain about clinical utility, scal-

ability, and translational potential.Machine learning approaches based

on raw data inputs are increasingly being used for biomarker identi-

fication (Das & Khanna, 2021) and predictive modeling (Senior

et al., 2021), though less often prospectively from infancy. A major

challenge for the field is how to combine data‐driven approaches (i.e.,
atheoretical use of all possible input features from raw/minimally

processed data that allow researchers to explore a broad spectrum of

potential predictive biomarkers but can also produce difficult‐to‐
interpret results with minimal mechanistic relevance) with theory‐
driven models (i.e., using a smaller set of theoretically‐selected fea-
tures from more highly‐processed data, combining features via factor
analysis) that may miss yet‐to‐be‐discovered associations but yield
more interpretable insight into putative developmental mechanisms.

The translational utility of pre‐diagnostic markers of childhood
ADHD is likely to improve with longitudinal measurement. Indeed,

evaluation of the models described in the previous section requires

prospective collection of objective measurements that can be

consistently administered over development. Developmental trajec-

tories of key measures may offer increased predictive power over

statistical differences in single‐timepoint measures, and present op-
portunities to model gene‐neurobiology‐environment transactions.
Logistical challenges unique to longitudinal work include high costs,

need for funding renewals to follow precious infant samples to ages

at which diagnostic outcomes can be obtained, participant retention,

and labor‐intensive data collection procedures. Moreover, since only
a subset of infants will develop the full ADHD phenotype, increas-

ingly large samples are needed.

Another key issue facing this work relates to defining outcomes.

Often, prospective studies work backward from diagnostic outcomes

to determine which earlier measures may distinguish those who

develop the disorder from those who do not across domains and time.

Such approaches have high clinical utility, as eventual clinical decision‐
making requires categorical stratification and cutoffs, but may be less
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equipped to reveal mechanisms involved in symptom development,

particularly not in a transdiagnostic manner. Indeed, there is a growing

interest in using dimensional frameworks to understand psychopa-

thology (e.g., RDoC) since dimensions are better suited to under-

standing associations between variables, and better capture the full

range of phenotypic differences among those who do and do not meet

diagnostic thresholds for specific neurodevelopmental conditions (i.e.,

diagnostic‐agnostic approaches) (Cuthbert, 2014). Dimensional ap-
proaches are particularly well‐suited to investigate high‐risk sam-
ples such as those comprised of infants at familial risk for ADHD,which

are enriched with a wide range of phenotypic variation. Therefore,

studiesmay dowell to balance and integrate categorical (i.e., ADHDvs.

not) and dimensional (i.e., continuous symptoms, level of impairment)

approaches to outcome measurement; prospective “infant‐first” ana-
lytic techniques like latent class analysis may also yield new insights

into the latent structure of neurodevelopmental conditions.

Across methods, it will be critical to establish developmental, age‐
based norms for measures that emerge as candidate predictors or

biomarkers and to have the potential for clinically actionable cut

points to be identified. This will increase the likelihood that such

measurements could be used clinically andwill require development of

large‐scale databases via pooled studies with overlapping designs. We
anticipate that assessment ages and measurement tools will vary

across studies, introducing statistical complications. Use of continuous

age in planned analyses will allow for easier pooling across multiple

cohorts; likewise, data harmonization efforts may be possible when

there is overlap in constructs measured. Recent examples in the child

mental health literature have provided amodel for such harmonization

processes at a national level, involving contributions from researchers,

clinicians, and community agencies (Boulton et al., 2021). Such models

could be scaled internationally and targeted toward infancy/early

childhood; our consortium is a step toward that goal. Although we do

not intend to prescribe a standard list of measures here, we wish to

emphasize that collaboration, among this group and with others, is the

first step toward developing such a list; we provide an overview of

potential measures in Table 1.

Recommendations

Taken together, research on early mechanisms and predictivemarkers

involved in the development of ADHDmust involve multidimensional,

longitudinal assessment in samples large enough to sufficiently model

these reciprocal interactions among genes, environment, neuro-

cognitive function, and behavior. This will involve multi‐site, interna-
tional collaborations reliant on shared data. The potential for sensitive

neurodevelopmental periods must be considered because this may

inform intervention timing. Further, developmental cascade models

suggest that events occurring at a particular point in development

affect later milestones (Oakes & Rakison, 2019). Questions remain

regarding the extent to which temperament traits influence develop-

ment of coreADHDsymptoms, and the extent towhich these traits are

modifiable. Further considerations include specificity of putative (or

identified) mechanisms, and conversely the benefits of transdiagnostic

and dimensional approaches to understanding the early emergence of

ADHD and its constituent symptoms (Pacheco et al., 2022). A focus on

transdiagnostic, or cross‐cutting, early risk factors (e.g., temperament‐

related differences)may provide both theoretical benefits andbemore

pragmatic for clinical systems (Talbott & Miller, 2020).

As such, we propose that multimethod, multi‐informant ap-
proaches to the study of the early ADHD phenotype are likely to be

most informative. As illustrated in Figure 1, these should encompass

dense longitudinal multimodal measurements to capture unfolding

gene‐brain‐body‐environment interactions. The resulting data should
be analyzed with both sophisticated data‐driven and theoretically‐
informed approaches, coupled with appropriate use of open science

tools like pre‐registration. To move closer to causal inference, the
field should incorporate tools like propensity‐score matching and
directed acyclic graphs, genetically‐informed designs, and embedded
shiftability or experimental intervention approaches. Finally, a focus

on replication and generalization within a regulatory framework is

important for yielding clinically utilizable biomarkers (Loth &

Evans, 2019).

DEVELOPMENT OF PREEMPTIVE INTERVENTIONS

Another key consideration in our efforts to identify early develop-

mental pathways to ADHD is whether and how we may intervene on

any identified predictive processes. In‐depth investigation of early‐
life precursors to ADHD and their developmental trajectories is

crucially needed in this regard, as identifying changes in early

behavior or development may reveal ideal timepoints and targets for

intervention. Currently, there is no clear way to identify which in-

fants/young children would benefit from interventions. Thus, pro-

grams targeting broad domains of development with hypothetical

benefits for the general population could be of interest as testable

preemptive interventions for ADHD. Candidate programs include

those focused on improving broad aspects of pre‐ and perinatal care
(e.g., home‐visiting programs; Olds et al., 2014), as well as early
childhood programs (e.g., Head Start; Bauer & Whitmore Schanzen-

bach, 2016) and preschool interventions targeting self‐control/ex-
ecutive functions (Halperin et al., 2020).

Downward extensions of traditional parent‐training programs
that promote positive parenting and support the development of

children's emotional and behavioral regulation are also potential

candidates (e.g., New Forest Parenting Program; Sonuga‐Barke
et al., 2018), Incredible Years (Beauchaine et al., 2015), Positive

Parenting Practice/Triple P (Sanders et al., 2014). A meta‐analysis of
RCTs evaluating the efficacy of these or similar early interventions

for ADHD in the toddler and preschool years reported significant

improvements in ADHD symptoms when measured immediately

post‐intervention with a moderate standardized mean difference
effect size of 0.43 across all types of intervention (Shephard

et al., 2022), but long‐term efficacy is unclear and there was little

evidence of improvement in other outcome measures (e.g., executive

function processes). Approaches that incorporate treatment for

parents with ADHD are also promising (Chronis‐Tuscano et al., 2017)
and may address issues related to the deleterious effects of caregiver

ADHD on parenting practices (Oliveira et al., 2022) as well as

adherence to, and efficacy of, parent‐mediated interventions for in-
fants and very young children at risk for ADHD.

Alternatively, studies may target specific developmental pro-

cesses that are hypothesized to underlie ADHD emergence using

6 of 14 - MILLER ET AL.
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TAB L E 1 Assessment and measurement tools utilized by the early ADHD consortium investigators.

Domain Direct child assessment Caregiver report

Adaptive functioning � Adaptive behavior assessment systema

� Vineland adaptive behavior scalesa

� Bayley social emotional and adaptive behavior questionnaireb

ADHD � Behavior rating inventory for children (BRIC)b

� DSM‐5 ADHD checklistsc
� Child behavior checklist 1.5–5b,f

� ADHD rating scale, preschoolc

� Kiddie schedule for affective disorders and schizophrenia

(K‐SADS)c

Attention/Executive

functioning
� Eye‐Trackinga

� Visual attention taska

� Delay Aversion/Snack Delayb

� Flanker taskc

� Go‐No‐Goc

� NEPSY‐II statue testc

� Simon taskc

� Unicorn/Dragon or day/Night tasksc

Family and medical history � Child demographics and perinatal history
� Maternal nutrition
� O'Leary‐Porter scale
� Parental drug use
� Perinatal substance usea

� Infant/Toddler health and feedinga

� Intervention, medical and developmental historya

Family psychiatric and

ADHD traits
� Adult ADHD rating scalesd/Adult ADHD self report scaled,f

� Alcohol, smoking, and substance involvement screening testd

� Anxiety and depression inventories, including during perinatal/

postnatal periodsd

� Diagnostic interview for ADHD in adultsd,f

� Structured clinical interview for DSM‐5d

� Conners 3rd Ed.e

� Child & adolescent symptom inventory 5th Ed. (parent, teacher)e

� K‐SADSe

Global development � Infant behavior recorda

� Mullen scales of early learninga

� Bayley scales of infant Development‐3a

� Developmental profilea

� Wechsler preschool & primary scale of

Intelligence‐IVb

� Bracken school readiness assessmentc

� Ages and stages questionnairea

Language/Communication � MacArthur‐Bates communicative development inventorya

Other behavior � Play observationa

� Disruptive behavior diagnostic observation

schedulec

� Multidimensional assessment of preschool disruptive behaviorb

� Disruptive behavior disorders rating scalec

� Kiddie‐disruptive behavior disorders schedulec

Parenting/Environment � Home observation measurement of the

environmenta

� Parent‐child interactiona

� Maternal antenatal and postnatal attachment scalea

� Social support inventoryg

� Confusion, Hubbub, and order scalea

� Co‐parenting relationship scalea

� Parenting daily hasslesa

� Parenting sense of competence scalea

� Parenting stress indexa

Psychopathology � Behavior assessment system for Children‐3b

� Brief infant‐toddler social and emotional assessmentb

� Child behavior checklist 1.5–5b

� Children's behavior questionnairec

� Strengths and difficulties questionnairec

� Preschool age psychiatric assessmentb

Sensory‐motor � Accelerometrya

� Sensory processing assessmentb
� Infant/Toddler sensory profilea

(Continues)
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technology‐based methods that are less costly and burdensome to
parents. The only randomized controlled trial to test the efficacy of

an attentional control training program in infants with familial risk for

ADHD (aged 9–16 months) reported no immediate treatment effect

on attentional and inhibitory control processes, or on other early

alterations associated with ADHD (e.g., elevated activity levels;

Goodwin et al., 2021b). However, it remains possible that effects may

not be fully revealed until later in development.

Future research on early or preemptive interventions for ADHD

will benefit from a better understanding of early life mechanisms and

precursors, which may inform our development of more targeted

treatments and our understanding of “active ingredients.” Questions

about whether such interventions could change trajectories of risk if

applied early enough in life will require well‐powered, longitudinal,

randomized controlled trials. In addition, changes in broad‐based
functional outcomes (e.g., academic, social) are under‐explored but
could be arguably more important than core ADHD symptom

reduction in some cases. However, the large sample sizes required to

demonstrate effects (particularly the absence of emergence of im-

pairments), along with longer follow‐up periods required to reveal
potential latent effects, remain challenges.

ETHICAL ISSUES AND COMMUNITY ENGAGEMENT

Several ethical issues arise related to implications of research

focused on early identification of, and intervention for, ADHD/ADHD

risk, including concerns about potential risks of false positives.

T A B L E 1 (Continued)

Domain Direct child assessment Caregiver report

Sleep � Actigraphya � Brief infant sleep questionnairea

� Brief toddler sleep inventoryc

� Children's sleep habits questionnairec

Temperament and self‐
regulation

� Devereux early childhood assessment for infants

and toddlersa

� Still face paradigma

� Strange situationa

� Lab‐TABa

� Infant behavior questionnairea

� Early childhood behavior questionnaireb

Vital signs and neurobiology � Cortisola

� Heart rate variabilitya

� Inflammatory markersa

� NICU network neurobehavioral scalea

� Resting EEGa

� Passive ERPb

Note: Youngest age of administration.
a<1 year.
b1–2.9 years.
c≥ 3 years. Proband status.
dParent.
eSibling.
fAvailable in languages other than English.
gPrenatal.

F I GUR E 1 Schematic depiction of the cascade model of neurodevelopment in which bidirectional influences between genetic and
environmental factors impact brain and behavioral development. Dashed arrows indicate effects of environment on genetic expression and

brain/behavior outcomes, which are potential opportunities for intervention. Solid arrows indicate effects of genetic and epigenetic
expression, which may be harder to moderate. Early ADHD Consortium members are actively probing these pathways.

8 of 14 - MILLER ET AL.
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Although research on preschoolers with ADHD has demonstrated

relatively high stability of preschool diagnoses in clinically‐referred
samples (without consideration for subtype/presentation) into mid-

dle childhood (Lahey, 2004; Riddle et al., 2013), stability of even

earlier diagnoses remains unclear at best. Stability of infant or

toddler risk factors and strength of associations with later psycho-

pathology is less certain still and likely to have some limitations. Thus,

the potential for low stability of very early precursors or even pre-

school diagnoses in non‐referred samples could result in increased
familial stress, stigma, and iatrogenic effects on children and families,

along with increased stress to care systems related to unnecessary

interventions. Insurance denials or other inappropriate intrusions

into privacy are another risk of any screening program. Another

challenge relates to lack of availability of adequate evidence‐based
resources and/or preemptive interventions for families of very

young children with or at risk for ADHD—hence the need for strong,

mechanistic discovery as highlighted above. These considerations

must be balanced carefully against potential broad‐based benefits of
earlier intervention for ADHD and prevention of serious later

outcomes.

Another ethical consideration relates to medication, one of the

two evidence‐based treatments for ADHD, but not for mere risk
factors or precursive signs or for infants or toddlers. Current guid-

ance (e.g., American Academy of Pediatrics, UK NICE Guidelines)

specifies behavioral interventions as the recommended first‐line
treatment for ADHD in children under the age of 6. Concerns

could be raised about whether earlier identification of very young

children at markedly elevated risk for ADHD might lead to inap-

propriate prescribing of medication in very young children (Burcu

et al., 2016; Raman et al., 2018). However, earlier identification of

key precursors or of ADHD and its constituent symptoms could,

perhaps more promisingly, provide opportunities for the eventual

development of many kinds of safe, effective development‐promoting
interventions, from pregnancy‐related dietary, supplemental, or

health interventions to behaviorally‐based, early life caregiver‐
implemented interventions that could reduce the need for later

intensive support/treatment and maximize the child's longer‐term
healthy development. For example, folate supplementation in preg-

nancy is routine to prevent spina bifida, Vitamin C supplementation

can reduce the respiratory effects of maternal smoking in pregnancy

on infants, and preliminary evidence suggests that sufficient omega‐3
intake may rescue the adverse effects on offspring temperament of

maternal unhealthy diet (Gustafsson et al., 2019). Thus, the leverage

provided by early life intervention may provide new ways to think

about powerful intervention for maximal health and development in

relation to psychopathology.

Finally, and importantly, there are concerns in the broader neu-

rodiversity community regarding the ethics of preemptive in-

terventions. Ensuring research is aligned with the priorities of the

ADHD and parent communities is paramount to building trust,

uncovering new research directions, and maximizing the impact of

ADHD research. Input from peoplewith lived experience of ADHD can

provide critical insights into challenges and strengths (Sedgwick

et al., 2019) that may be important topics for further research andmay

identify new targets for strengths‐based early interventions. Goals of
any potential preemptive interventions should be community‐
informed and would likely focus on preventing the challenges/

impairment associated with ADHD and the identification of resilience

factors. This could involve not only research at the level of the indi-

vidual and family, but also a focus on structural changes thatmay allow

more children to experience a match between their skills and envi-

ronments. Involvement of various stakeholders in discussions about

these issues through community‐based participatory research ap-
proaches will be important to developing a robust understanding of an

acceptable clinical research agenda to the ADHD community and will

help researchers ensure this work is less likely to be framed in ways

that perpetuate stigma. In particular, while there is recognition of the

need to involve ADHD community members as stakeholders, there is

relatively little work using formally‐defined methods (but see Adamou
et al., 2016) such as participatory action research methods (Shamrova

& Cummings, 2017) or cultural consensus modeling (Ulijaszek, 2013)

that would allow individuals with ADHD and their family members to

actively participate in defining research questions, planning and con-

ducting studies, and interpreting and disseminating findings. Ulti-

mately, novel early identification and intervention approaches will

only be widely adopted if they are welcomed by individuals with

ADHD and their families. Our consortium, which includes members

with dual roles (e.g., researcher and family member), hopes to pursue

this.

Community engagement is also necessary to identifying strategies

to study early ADHD in historically underserved groups within which

differences in prevalence or presentation are observed, including

people from lower resourced backgrounds (Russell et al., 2016),

women and girls (Hinshaw et al., 2022), and minoritized groups based

on race and/or ethnicity. Issues of distrust in research institutions

abound, necessitating a change in the dialogue surrounding what

research aims to accomplish via clearly communicated scientific goals

that are community‐informed. It is likewise important to engage the
clinical community that serves individuals with ADHD in delineating

an appropriate clinical research agenda to ensure that any resulting

tools (e.g., early screening or diagnostic measures) or intervention

approaches will be acceptable to those providing services.

CONCLUSIONS

ADHD is a prevalent and impairing condition that tends to be diag-

nosed in middle childhood despite growing agreement that earlier

behavioral and biological differences are detectable. Understanding

the cascade of early‐life changes that occur in response to proximal
genetic and environmental risk factors for ADHD has the potential to

transform early identification and intervention, as such mechanisms

shape brain development and behavior. Identifying infants and young

children on a path to ADHD may allow for the development and

implementation of earlier or preemptive interventions that prevent

compounding effects of early difficulties and optimize outcomes.

Work in this area will require prospective, longitudinal studies of

infants with a family history of ADHD beginning early in life (or

prenatally), conducted within a developmental framework, and which

incorporate multimethod approaches. These studies will benefit from

multi‐site, international collaborations and networks that may share
common methods and objective measures and which incorporate

stakeholder perspectives, such as our recently‐established Early

ADHD Consortium. The ultimate goal is to more rapidly advance our
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understanding of early developmental pathways to ADHD that will

improve outcomes for infants and young children.

AUTHOR CONTRIBUTIONS

Meghan Miller: Conceptualization; Project administration; Supervi-

sion; Writing – original draft; Writing – review & editing. Anne B.

Arnett: Conceptualization;Writing – original draft;Writing – review&

editing. Elizabeth Shephard: Conceptualization; Writing – original

draft; Writing – review & editing. Tony Charman: Conceptualization;

Writing – review & editing. Hanna C. Gustafsson: Conceptualization;

Writing – original draft; Writing – review & editing. Heather M. Jo-

seph: Conceptualization; Writing – original draft; Writing – review &

editing. Sarah Karalunas: Conceptualization; Writing – original draft;

Writing – review & editing. Joel T. Nigg: Conceptualization; Writing –

review & editing. Guilherme V. Polanczyk: Conceptualization;

Writing – original draft; Writing – review & editing. Elinor L. Sullivan:

Conceptualization;Writing – original draft;Writing – review& editing.

Emily J.H. Jones: Conceptualization;Writing – original draft;Writing –

review & editing.

ACKNOWLEDGMENTS

Dr. Miller was supported in part by the US National Institutes of

Mental Health (NIMH) (R00MH106642, R01MH121416). Dr. Arnett

was supported in part by the US NIMH (R00MH116064). Dr. Shep-

hard is support by a São Paulo Research Foundation Young Investi-

gator Award (refs 2020/05964‐1, 2021/06795‐1). Dr. Charman and
Dr. Jones were supported in part by awards from the Medical

Research Council (MR/K021389/1; MR/T003057/1) and MQ

(MQ14PP/83). Dr. Gustafsson was supported by the US NIMH

(K01MH120507, R01MH117177, R01MH124824). Dr. Joseph was

supported by the US NIMH (K23MH121585). Dr. Karalunas was

supported by the US NIMH (R01MH120109, PI: Karalunas;

R01MH124824, PI: Sullivan). Dr. Nigg was supported by the US

NIMH (R01MH124824). Dr. Polanczyk was supported by São Paulo

Research Foundation (grant 2016/22455‐8) and National Council for
Scientific and Technological Development (grant 310582/2017‐2).
Dr. Sullivan was supported by the US NIMH (R01MH117177,

R01MH124824, U01DA055363). The authors would like to thank Dr.

Anastasia Kerr‐German for her participation in group discussions
about, and input on, community engagement.

CONFLICTS OF INTEREST STATEMENT

Dr. Charman has served as a paid consultant to F. Hoffmann‐La
Roche Ltd. and Servier; and has received royalties from Sage Publi-

cations and Guilford Publications. Dr. Polanczyk has served as a

consultant/speaker to Abbott, Ache, Medice, Novo Nordisk, and

Takeda, and has received royalties from Editora Manole. He is also a

Joint Editor for JCPP Advances. Dr. Nigg has received royalties from

Guilford Publications, he also serves on the JCPP Advances Editorial

Advisory Board. Elizabeth Shephard serves on the JCPP Advances

Editorial Advisory Board. Emily J.H. Jones is a Joint Editor for JCPP

Advances. All other authors have declared that they have no

competing or potential conflicts of interest.

DATA AVAILABILITY STATEMENT

Data sharing not applicable to this article as no datasets were

generated or analyzed.

ETHICAL CONSIDERATIONS

No ethics approvals were required for the preparation of this research

review, as no patients or members of the public were involved.

ORCID

Meghan Miller https://orcid.org/0000-0002-1260-4149

Anne B. Arnett https://orcid.org/0000-0003-1342-0488

Tony Charman https://orcid.org/0000-0003-1993-6549

Hanna C. Gustafsson https://orcid.org/0000-0002-8258-4921

Heather M. Joseph https://orcid.org/0000-0002-3352-8835

Sarah Karalunas https://orcid.org/0000-0003-3082-7458

Joel T. Nigg https://orcid.org/0000-0003-0003-3024

REFERENCES

Adamou, M., Graham, K., MacKeith, J., Burns, S., & Emerson, L. M. (2016).

Advancing services for adult ADHD: The development of the ADHD

star as a framework for multidisciplinary interventions. BMC Health
Services Research, 16(1), 632. https://doi.org/10.1186/s12913‐016‐
1894‐4

Agnew‐Blais, J. C., Belsky, D. W., Caspi, A., Danese, A., Moffitt, T. E.,
Polanczyk, G. V., Sugden, K., Wertz, J., Williams, B. S., Lewis, C. M., &

Arseneault, L. (2021). Polygenic risk and the course of attention‐
deficit/hyperactivity disorder from childhood to young adulthood:

Findings from a nationally representative cohort. Journal of the
American Academy of Child & Adolescent Psychiatry, 60(9),
1147–1156. https://doi.org/10.1016/j.jaac.2020.12.033

Agnew‐Blais, J. C., Wertz, J., Arseneault, L., Belsky, D. W., Danese, A.,
Pingault, J., Polanczyk, G. V., Sugden, K., Williams, B., & Moffitt, T. E.

(2022). Mother’s and children’s ADHD genetic risk, household chaos

and children’s ADHD symptoms: A gene–environment correlation

study. Journal of Child Psychology and Psychiatry, 63(10), 1153–1163.
https://doi.org/10.1111/jcpp.13659

Alperin, B. R., Smith, C. J., Gustafsson, H. C., Figuracion, M. T., & Karalunas,

S. L. (2019). The relationship between alpha asymmetry and ADHD

depends on negative affect level and parenting practices. Journal
of Psychiatric Research, 116, 138–146. https://doi.org/10.1016/j.
jpsychires.2019.06.016

Antaki, D., Guevara, J., Maihofer, A. X., Klein, M., Gujral, M., Grove, J.,

Carey, C. E., Hong, O., Arranz, M. J., Hervas, A., Corsello, C., Vaux,

K. K., Muotri, A. R., Iakoucheva, L. M., Courchesne, E., Pierce, K.,

Gleeson, J. G., Robinson, E. B., Nievergelt, C. M., & Sebat, J. (2022). A

phenotypic spectrum of autism is attributable to the combined ef-

fects of rare variants, polygenic risk and sex. Nature Genetics, 54(9),
1284–1292. https://doi.org/10.1038/s41588‐022‐01064‐5

Arnett, A. B., MacDonald, B., & Pennington, B. F. (2013). Cognitive and

behavioral indicators of ADHD symptoms prior to school age. Jour-
nal of Child Psychology and Psychiatry, 54(12), 1284–1294. https://doi.
org/10.1111/jcpp.12104

Arns, M., Conners, C. K., & Kraemer, H. C. (2013). A decade of EEG theta/

beta ratio research in ADHD: A meta‐analysis. Journal of Attention
Disorders, 17(5), 374–383. https://doi.org/10.1177/10870547124
60087

Auerbach, J. G., Berger, A., Atzaba‐Poria, N., Arbelle, S., Cypin, N., Fried-
man, A., & Landau, R. (2008). Temperament at 7, 12, and 25 months

in children at familial risk for ADHD. Infant and Child Development,
17(4), 321–338. https://doi.org/10.1002/icd.579

Barbaresi, W. J., Colligan, R. C., Weaver, A. L., Voigt, R. G., Killian, J. M., &

Katusic, S. K. (2013). Mortality, ADHD, and psychosocial adversity in

adults with childhood ADHD: A prospective study. Pediatrics, 131(4),
637–644. https://doi.org/10.1542/peds.2012‐2354

Bauer, L., & Whitmore Schanzenbach, D. (2016). The long‐term impact of
the head Start program.

Beauchaine, T. P., Neuhaus, E., Gatzke‐Kopp, L. M., Reid, M. J., Chipman, J.,
Brekke, A., Olliges, A., Shoemaker, S., & Webster‐Stratton, C. (2015).
Electrodermal responding predicts response to, and may be altered

by, preschool intervention for ADHD. Journal of Consulting and Clinical
Psychology, 83(2), 293–303. https://doi.org/10.1037/a0038405

10 of 14 - MILLER ET AL.

 26929384, 0, D
ow

nloaded from
 https://acam

h.onlinelibrary.w
iley.com

/doi/10.1002/jcv2.12144 by T
est, W

iley O
nline L

ibrary on [08/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-1260-4149
https://orcid.org/0000-0002-1260-4149
https://orcid.org/0000-0003-1342-0488
https://orcid.org/0000-0003-1342-0488
https://orcid.org/0000-0003-1993-6549
https://orcid.org/0000-0003-1993-6549
https://orcid.org/0000-0002-8258-4921
https://orcid.org/0000-0002-8258-4921
https://orcid.org/0000-0002-3352-8835
https://orcid.org/0000-0002-3352-8835
https://orcid.org/0000-0003-3082-7458
https://orcid.org/0000-0003-3082-7458
https://orcid.org/0000-0003-0003-3024
https://orcid.org/0000-0003-0003-3024
https://doi.org/10.1186/s12913-016-1894-4
https://doi.org/10.1186/s12913-016-1894-4
https://doi.org/10.1016/j.jaac.2020.12.033
https://doi.org/10.1111/jcpp.13659
https://doi.org/10.1016/j.jpsychires.2019.06.016
https://doi.org/10.1016/j.jpsychires.2019.06.016
https://doi.org/10.1038/s41588-022-01064-5
https://doi.org/10.1111/jcpp.12104
https://doi.org/10.1111/jcpp.12104
https://doi.org/10.1177/1087054712460087
https://doi.org/10.1177/1087054712460087
https://doi.org/10.1002/icd.579
https://doi.org/10.1542/peds.2012-2354
https://doi.org/10.1037/a0038405
https://orcid.org/0000-0002-1260-4149
https://orcid.org/0000-0003-1342-0488
https://orcid.org/0000-0003-1993-6549
https://orcid.org/0000-0002-8258-4921
https://orcid.org/0000-0002-3352-8835
https://orcid.org/0000-0003-3082-7458
https://orcid.org/0000-0003-0003-3024


Begum‐Ali, J., Goodwin, A., Mason, L., Pasco, G., Charman, T., Johnson,
M. H., & Jones, E. J. (2022). Altered theta–beta ratio in infancy as-

sociates with family history of ADHD and later ADHD‐relevant
temperamental traits. Journal of Child Psychology and Psychiatry,
63(9), 1057–1067. https://doi.org/10.1111/jcpp.13563

Boulton, K. A., Coghill, D., Silove, N., Pellicano, E., Whitehouse, A. J. O.,

Bellgrove, M. A., Rinehart, N. J., Lah, S., Redoblado‐Hodge, M.,
Badawi, N., Heussler, H., Rogerson, N., Burns, J., Farrar, M. A., Nanan,

R., Novak, I., Goldwater, M. B., Munro, N., Togher, L., ., & Guastella,

A. J. (2021). A national harmonised data collection network for

neurodevelopmental disorders: A transdiagnostic assessment pro-

tocol for neurodevelopment, mental health, functioning and well‐
being. JCPP Adv, 1(4), e12048. https://doi.org/10.1002/jcv2.12048

Bunford, N., Kujawa, A., Dyson, M., Olino, T., & Klein, D. N. (2021). Ex-

amination of developmental pathways from preschool temperament

to early adolescent ADHD symptoms through initial responsiveness

to reward. Development and Psychopathology, 34(3), 841–853.
https://doi.org/10.1017/s0954579420002199

Burcu, M., Zito, J. M., Metcalfe, L., Underwood, H., & Safer, D. J. (2016).

Trends in stimulant medication use in commercially insured youths

and adults, 2010‐2014. JAMA Psychiatry, 73(9), 992. https://doi.org/
10.1001/jamapsychiatry.2016.1182

Cassiano, R. G. M., Provenzi, L., Linhares, M. B. M., Gaspardo, C. M., &

Montirosso, R. (2020). Does preterm birth affect child tempera-

ment? A meta‐analytic study. Infant Behavior and Development, 58,
101417. https://doi.org/10.1016/j.infbeh.2019.101417

Chronis‐Tuscano, A., Wang, C. H., Woods, K. E., Strickland, J., & Stein,
M. A. (2017). Parent ADHD and evidence‐based treatment for their
children: Review and directions for future research. Journal of
Abnormal Child Psychology, 45(3), 501–517. https://doi.org/10.1007/
s10802‐016‐0238‐5

Cicchetti, D., & Rogosch, F. A. (1996). Equifinality and multifinality in

developmental psychopathology. Development and Psychopathology,
8(4), 597–600. https://doi.org/10.1017/s0954579400007318

Claussen, A. H., Holbrook, J. R., Hutchins, H. J., Robinson, L. R., Bloomfield,

J., Meng, L., Bitsko, R. H., O’Masta, B., Cerles, A., Maher, B., Rush, M.,

& Kaminski, J. W. (2022). All in the family? A systematic review and

meta‐analysis of parenting and family environment as risk factors
for attention‐deficit/hyperactivity disorder (ADHD) in children.

Prevention Science. https://doi.org/10.1007/s11121‐022‐01358‐4
Cross‐Disorder Group of the Psychiatric Genomics Consortium. (2019).

Genomic relationships, novel loci, and pleiotropic mechanisms across

eight psychiatric disorders. Cell, 179, 1469–1482.e11.
Cuffe, S. P., Visser, S. N., Holbrook, J. R., Danielson, M. L., Geryk, L. L.,

Wolraich, M. L., & McKeown, R. E. (2020). ADHD and psychiatric

comorbidity: Functional outcomes in a school‐based sample of
children. Journal of Attention Disorders, 24(9), 1345–1354. https://doi.
org/10.1177/1087054715613437

Cuthbert, B. N. (2014). The RDoC framework: Facilitating transition from

ICD/DSM to dimensional approaches that integrate neuroscience

and psychopathology.World Psychiatry, 13(1), 28–35. https://doi.org/
10.1002/wps.20087

Das, W., & Khanna, S. (2021). A robust machine learning based framework

for the automated detection of ADHD using pupillometric bio-

markers and time series analysis. Scientific Reports, 11(1), 16370.
https://doi.org/10.1038/s41598‐021‐95673‐5

Demontis, D., Walters, R. K., Martin, J., Mattheisen, M., Als, T. D., Agerbo,

E., Baldursson, B., Belliveau, R., Bybjerg‐Grauholm, J., Baekvad‐
Hansen, M., Cerrato, F., Chambert, K., Churchhouse, C., Dumont, A.,

Eriksson, N., Gandal, M., Goldstein, J. I., Grasby, K. L., Grove, J., …

Neale, B. M. (2019). Discovery of the first genome‐wide significant
risk loci for attention deficit/hyperactivity disorder. Nature Genetics,
51, 63–75.

Dunn, G. A., Nigg, J. T., & Sullivan, E. L. (2019). Neuroinflammation as a risk

factor for attention deficit hyperactivity disorder. Pharmacology
Biochemistry and Behavior, 182, 22–34. https://doi.org/10.1016/j.pbb.
2019.05.005

Faraone, S. V., & Larsson, H. (2019). Genetics of attention deficit hyper-

activity disorder. Molecular Psychiatry, 24(4), 562–575. https://doi.
org/10.1038/s41380‐018‐0070‐0

Faraone, S. V., Rostain, A. L., Blader, J., Busch, B., Childress, A. C., Connor,

D. F., & Newcorn, J. H. (2019). Practitioner Review: Emotional dys-

regulation in attention‐deficit/hyperactivity disorder‐implications
for clinical recognition and intervention. Journal of Child Psychol-
ogy and Psychiatry, 60(2), 133–150. https://doi.org/10.1111/jcpp.
12899

Goodwin, A., Hendry, A., Mason, L., Bazelmans, T., Begum Ali, J., Pasco, G.,

Charman, T., Jones, E., & Johnson, M. (2021). Behavioural measures

of infant activity but not attention associate with later preschool

ADHD traits. Brain Sciences, 11(5), 524. https://doi.org/10.3390/
brainsci11050524

Goodwin, A., Jones, E. J. H., Salomone, S., Mason, L., Holman, R., Begum‐
Ali, J., Hunt, A., Ruddock, M., Vamvakas, G., Robinson, E., Holden,

C. J., Taylor, C., Smith, T. J., Sonuga‐Barke, E., Bolton, P., Charman, T.,
Pickles, A., Wass, S., & Johnson, M. H. (2021). Interstaars: Attention

training for infants with elevated likelihood of developing ADHD: A

proof‐of‐concept randomised controlled trial. Translational Psychia-
try, 11(1), 644. https://doi.org/10.1038/s41398‐021‐01698‐9

Graham, A. M., Doyle, O., Tilden, E. L., Sullivan, E. L., Gustafsson, H. C.,

Marr, M., Allen, M., & Mackiewicz Seghete, K. L. (2022). Effects of

maternal psychological stress during pregnancy on offspring brain

development: Considering the role of inflammation and potential for

preventive intervention. Biological Psychiatry: Cognitive Neuroscience
and Neuroimaging, 7(5), 461–470. https://doi.org/10.1016/j.bpsc.
2021.10.012

Groen‐Blokhuis, M. M., Middeldorp, C. M., Kan, K. J., Abdellaoui, A., van
Beijsterveldt, C. E., Ehli, E. A., Davies, G. E., Scheet, P. A., Xiao, X.,

Hudziak, J. J., Hottenga, J. J., Neale, B. M., & Boomsma, D. I. (2014).

Attention‐deficit/hyperactivity disorder polygenic risk scores pre-
dict attention problems in a population‐based sample of children.
Journal of the American Academy of Child & Adolescent Psychiatry,
53(10), 1123–1129.e6. https://doi.org/10.1016/j.jaac.2014.06.014

Gustafsson, H. C., Holton, K. F., Anderson, A. N., Nousen, E. K., Sullivan,

C. A., Loftis, J. M., Nigg, J. T., & Sullivan, E. L. (2019). Increased

maternal prenatal adiposity, inflammation, and lower Omega‐3 fatty
acid levels influence child negative affect. Frontiers in Neuroscience,
13, 1035. https://doi.org/10.3389/fnins.2019.01035

Gustafsson, H. C., Sullivan, E. L., Battison, E. A., Holton, K. F., Graham,

A. M., Karalunas, S. L., Fair, D. A., Loftis, J. M., & Nigg, J. T. (2020).

Evaluation of maternal inflammation as a marker of future offspring

ADHD symptoms: A prospective investigation. Brain, Behavior, and
Immunity, 89, 350–356. https://doi.org/10.1016/j.bbi.2020.07.019

Halperin, J. M., Marks, D. J., Chacko, A., Bedard, A. C., O’Neill, S.,

Curchack‐Lichtin, J., Bourchtein, E., & Berwid, O. G. (2020). Training
executive, attention, and motor skills (TEAMS): A preliminary ran-

domized clinical trial of preschool youth with ADHD. Journal of
Abnormal Child Psychology, 48(3), 375–389. https://doi.org/10.1007/
s10802‐019‐00610‐w

Harich, B., van der Voet, M., Klein, M., Cizek, P., Fenckova, M., Schenck, A.,

& Franke, B. (2020). From rare copy number variants to biological

processes in ADHD. American Journal of Psychiatry, 177(9), 855–866.
https://doi.org/10.1176/appi.ajp.2020.19090923

Havdahl, A., Wootton, R. E., Leppert, B., Riglin, L., Ask, H., Tesli, M., Bugge

Askeland, R., Hannigan, L. J., Corfield, E., Oyen, A. S., Andreassen,

O. A., Tilling, K., Davey Smith, G., Thapar, A., Reichborn‐Kjennerud,
T., & Stergiakouli, E. (2022). Associations between pregnancy‐
related predisposing factors for offspring neurodevelopmental con-

ditions and parental genetic liability to attention‐deficit/hyperac-
tivity disorder, autism, and schizophrenia: The Norwegian Mother,

Father and Child Cohort Study (MoBa). JAMA Psychiatry, 79(8), 799.
https://doi.org/10.1001/jamapsychiatry.2022.1728

Hinshaw, S. P., Nguyen, P. T., O’Grady, S. M., & Rosenthal, E. A. (2022).

Annual research review: Attention‐deficit/hyperactivity disorder in
girls and women: Underrepresentation, longitudinal processes, and

key directions. Journal of Child Psychology and Psychiatry, 63(4),
484–496. https://doi.org/10.1111/jcpp.13480

Johnson, M. H., Gliga, T., Jones, E., & Charman, T. (2015). Annual research

review: Infant development, autism, and ADHD‐Early pathways to
emerging disorders. Journal of Child Psychology and Psychiatry, 56(3),
228–247. https://doi.org/10.1111/jcpp.12328

 26929384, 0, D
ow

nloaded from
 https://acam

h.onlinelibrary.w
iley.com

/doi/10.1002/jcv2.12144 by T
est, W

iley O
nline L

ibrary on [08/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/jcpp.13563
https://doi.org/10.1002/jcv2.12048
https://doi.org/10.1017/s0954579420002199
https://doi.org/10.1001/jamapsychiatry.2016.1182
https://doi.org/10.1001/jamapsychiatry.2016.1182
https://doi.org/10.1016/j.infbeh.2019.101417
https://doi.org/10.1007/s10802-016-0238-5
https://doi.org/10.1007/s10802-016-0238-5
https://doi.org/10.1017/s0954579400007318
https://doi.org/10.1007/s11121-022-01358-4
https://doi.org/10.1177/1087054715613437
https://doi.org/10.1177/1087054715613437
https://doi.org/10.1002/wps.20087
https://doi.org/10.1002/wps.20087
https://doi.org/10.1038/s41598-021-95673-5
https://doi.org/10.1016/j.pbb.2019.05.005
https://doi.org/10.1016/j.pbb.2019.05.005
https://doi.org/10.1038/s41380-018-0070-0
https://doi.org/10.1038/s41380-018-0070-0
https://doi.org/10.1111/jcpp.12899
https://doi.org/10.1111/jcpp.12899
https://doi.org/10.3390/brainsci11050524
https://doi.org/10.3390/brainsci11050524
https://doi.org/10.1038/s41398-021-01698-9
https://doi.org/10.1016/j.bpsc.2021.10.012
https://doi.org/10.1016/j.bpsc.2021.10.012
https://doi.org/10.1016/j.jaac.2014.06.014
https://doi.org/10.3389/fnins.2019.01035
https://doi.org/10.1016/j.bbi.2020.07.019
https://doi.org/10.1007/s10802-019-00610-w
https://doi.org/10.1007/s10802-019-00610-w
https://doi.org/10.1176/appi.ajp.2020.19090923
https://doi.org/10.1001/jamapsychiatry.2022.1728
https://doi.org/10.1111/jcpp.13480
https://doi.org/10.1111/jcpp.12328


Johnson, P., Ahamat, B., Mcconnachie, A., Puckering, C., Marwick, H.,

Furnivall, D., Marwick, R., Gillberg, C., Heron, J., & Wilson, P. (2014).

Motor activity at age one year does not predict ADHD at seven

years: Infant Motor Activity and ADHD. International Journal of
Methods in Psychiatric Research, 23(1), 9–18. https://doi.org/10.1002/
mpr.1436

Joseph, H. M., Lorenzo, N. E., Wang, F. L., Wilson, M. A., & Molina, B. S.

(2022). The interaction between infant negative emotionality and

cognition predicts ADHD‐related behaviors in toddlerhood. Infant
Behavior and Development, 68, 101742. https://doi.org/10.1016/j.
infbeh.2022.101742

Karalunas, S. L., Ostlund, B. D., Alperin, B. R., Figuracion, M., Gustafsson,

H. C., Deming, E. M., Foti, D., Antovich, D., Dude, J., Nigg, J., & Sul-

livan, E. (2022). Electroencephalogram aperiodic power spectral

slope can be reliably measured and predicts ADHD risk in early

development. Developmental Psychobiology, 64(3), e22228. https://
doi.org/10.1002/dev.22228

Kerner auch Koerner, J., Gust, N., & Petermann, F. (2018). Developing

ADHD in preschool: Testing the dual pathway model of tempera-

ment. Applied Neuropsychology Child, 7(4), 366–373. https://doi.org/
10.1080/21622965.2017.1347509

Kessler, R. C., Adler, L. A., Berglund, P., Green, J. G., McLaughlin, K. A.,

Fayyad, J., Russo, L. J., Sampson, N. A., Shahly, V., & Zaslavsky, A. M.

(2014). The effects of temporally secondary co‐morbid mental dis-
orders on the associations of DSM‐IV ADHD with adverse outcomes
in the US National Comorbidity Survey Replication Adolescent

Supplement (NCS‐A). Psychological Medicine, 44(8), 1779–1792.
https://doi.org/10.1017/s0033291713002419

Kim, J. H., Lee, J., Jeong, G. H., Lee, E., Lee, S., Lee, K. H., Kronbichler, A.,

Stubbs, B., Solmi, M., Koyanagi, A., Hong, S. H., Dragioti, E., Jacob, L.,

Brunoni, A. R., Carvalho, A. F., Radua, J., Thompson, T., Smith, L., &

Fusar‐Poli, P. (2020). Environmental risk factors, protective factors,
and peripheral biomarkers for ADHD: An umbrella review. The
Lancet Psychiatry, 7(11), 955–970. https://doi.org/10.1016/s2215‐
0366(20)30312‐6

Kuriyan, A. B., Pelham, W. E., Molina, B. S. G., Waschbusch, D. A., Gnagy,

E. M., Sibley, M. H., Babinski, D. E., Walther, C., Cheong, J., Yu, J., &

Kent, K. M. (2013). Young adult educational and vocational out-

comes of children diagnosed with ADHD. Journal of Abnormal
Child Psychology, 41(1), 27–41. https://doi.org/10.1007/s10802‐012‐
9658‐z

Lahey, B. B. (2004). Three‐year predictive validity of DSM‐IV attention
deficit hyperactivity disorder in children diagnosed at 4‐6 years of
age. American Journal of Psychiatry, 161(11), 2014–2020. https://doi.
org/10.1176/appi.ajp.161.11.2014

Larson, K., Russ, S. A., Kahn, R. S., & Halfon, N. (2011). Patterns of co-

morbidity, functioning, and service use for US children with ADHD,

2007. Pediatrics, 127(3), 462–470. https://doi.org/10.1542/peds.
2010‐0165

Loth, E., & Evans, D. W. (2019). Converting tests of fundamental social,

cognitive, and affective processes into clinically useful bio‐
behavioral markers for neurodevelopmental conditions. WIREs
Cognitive Science, 10(5), e1499. https://doi.org/10.1002/wcs.1499

Martel, M. M., Nigg, J. T., & von Eye, A. (2009). How do trait dimensions

map onto ADHD symptom domains? Journal of Abnormal Child
Psychology, 37(3), 337–348. https://doi.org/10.1007/s10802‐008‐
9255‐3

Mehta, T. R., Monegro, A., Nene, Y., Fayyaz, M., & Bollu, P. C. (2019).

Neurobiology of ADHD: A review. Current Developmental Disor-
ders Reports, 6(4), 235–240. https://doi.org/10.1007/s40474‐019‐
00182‐w

Miller, M., Austin, S., Iosif, A. M., de la Paz, L., Chuang, A., Hatch, B., &

Ozonoff, S. (2020). Shared and distinct developmental pathways to

ASD and ADHD phenotypes among infants at familial risk. Devel-
opment and Psychopathology, 32(4), 1323–1334. https://doi.org/10.
1017/s0954579420000735

Miller, M., Iosif, A. M., Bell, L. J., Farquhar‐Leicester, A., Hatch, B., Hill, A.,
Hill, M. M., Solis, E., Young, G. S., & Ozonoff, S. (2021). Can familial

risk for ADHD be detected in the first two years of life? Journal of

Clinical Child and Adolescent Psychology, 50(5), 619–631. https://doi.
org/10.1080/15374416.2019.1709196

Miller, M., Iosif, A. M., Young, G. S., Hill, M. M., & Ozonoff, S. (2018). Early

detection of ADHD: Insights from infant siblings of children with

autism. Journal of Clinical Child and Adolescent Psychology, 47(5),
737–744. https://doi.org/10.1080/15374416.2016.1220314

Miller, M., Musser, E. D., Young, G. S., Olson, B., Steiner, R. D., & Nigg, J. T.

(2019). Sibling recurrence risk and cross‐aggregation of attention‐
deficit/hyperactivity disorder and autism spectrum disorder. JAMA
Pediatrics, 173(2), 147–152. https://doi.org/10.1001/jamapediatrics.
2018.4076

Miller, N., Degnan, K. A., Hane, A. A., Fox, N. A., & Chronis‐Tuscano, A.
(2019). Infant temperament reactivity and early maternal caregiving:

Independent and interactive links to later childhood attention‐
deficit/hyperactivity disorder symptoms. Journal of Child Psychology
and Psychiatry, 60(1), 43–53. https://doi.org/10.1111/jcpp.12934

Monk, C., Lugo‐Candelas, C., & Trumpff, C. (2019). Prenatal develop-
mental origins of future psychopathology: Mechanisms and path-

ways. Annual Review of Clinical Psychology, 15(1), 317–344. https://
doi.org/10.1146/annurev‐clinpsy‐050718‐095539

Myers, S. M., Challman, T. D., Bernier, R., Bourgeron, T., Chung, W. K.,

Constantino, J. N., Eichler, E. E., Jacquemont, S., Miller, D. T., Mitchell,

K. J., Zoghbi, H. Y., Martin, C. L., & Ledbetter, D. H. (2020). Insufficient

evidence for “autism‐specific” genes. The American Journal of Hu-
man Genetics, 106(5), 587–595. https://doi.org/10.1016/j.ajhg.2020.
04.004

Niemi, M. E. K., Martin, H. C., Rice, D. L., Gallone, G., Gordon, S., Kelemen,

M., McAloney, K., McRae, J., Radford, E. J., Yu, S., Gecz, J., Martin,

N. G., Wright, C. F., Fitzpatrick, D. R., Firth, H. V., Hurles, M. E., &

Barrett, J. C. (2018). Common genetic variants contribute to risk of

rare severe neurodevelopmental disorders. Nature, 562(7726),
268–271. https://doi.org/10.1038/s41586‐018‐0566‐4

Nigg, J. T., Sibley, M. H., Thapar, A., & Karalunas, S. L. (2020). Development

of ADHD: Etiology, heterogeneity, and early life course. Annual Re-
view Development of Psychology, 2(1), 559–583. https://doi.org/10.
1146/annurev‐devpsych‐060320‐093413

Oakes, L. M., & Rakison, D. H. (2019). Developmental cascades: Building the
infant mind. Oxford University Press.

Olds, D. L., Holmberg, J. R., Donelan‐McCall, N., Luckey, D. W., Knudtson,
M. D., & Robinson, J. (2014). Effects of home visits by para-

professionals and by nurses on children: Follow‐up of a randomized
trial at ages 6 and 9 years. JAMA Pediatrics, 168(2), 114. https://doi.
org/10.1001/jamapediatrics.2013.3817

Oliveira, J. V. de, Fatori, D., Shephard, E., Xavier Neto, M., Matijasevich, A.,

Ferraro, A. A., Rohde, L. A., Chiesa, A. M., Miguel, E. C., & Polanczyk,

G. V. (2022). Inattention symptoms in early pregnancy predict

parenting skills and infant maltreatment during the first year of life.

British Journal of Psychiatry, 44, 388–400.
Ostlund, B., Donoghue, T., Anaya, B., Gunther, K. E., Karalunas, S. L.,

Voytek, B., & Perez‐Edgar, K. E. (2022). Spectral parameterization
for studying neurodevelopment: How and why. Developmental
Cognitive Neuroscience, 54, 101073. https://doi.org/10.1016/j.dcn.
2022.101073

Øvergaard, K. R., Oerbeck, B., Friis, S., Pripp, A. H., Biele, G., Aase, H., &

Zeiner, P. (2018). Attention‐deficit/hyperactivity disorder in pre-
schoolers: The accuracy of a short screener. Journal of the American
Academy of Child & Adolescent Psychiatry, 57(6), 428–435. https://doi.
org/10.1016/j.jaac.2018.03.008

Pacheco, J., Garvey, M. A., Sarampote, C. S., Cohen, E. D., Murphy, E. R., &

Friedman‐Hill, S. R. (2022). Annual Research Review: The contribu-
tions of the RDoC research framework on understanding the neu-

rodevelopmental origins, progression and treatment of mental

illnesses. Journal of Child Psychology and Psychiatry, 63(4), 360–376.
https://doi.org/10.1111/jcpp.13543

Polanczyk, G. V., Salum, G. A., Sugaya, L. S., Caye, A., & Rohde, L. A. (2015).

Annual research review: A meta‐analysis of the worldwide preva-
lence of mental disorders in children and adolescents. Journal of
Child Psychology and Psychiatry, 56(3), 345–365. https://doi.org/10.
1111/jcpp.12381

12 of 14 - MILLER ET AL.

 26929384, 0, D
ow

nloaded from
 https://acam

h.onlinelibrary.w
iley.com

/doi/10.1002/jcv2.12144 by T
est, W

iley O
nline L

ibrary on [08/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/mpr.1436
https://doi.org/10.1002/mpr.1436
https://doi.org/10.1016/j.infbeh.2022.101742
https://doi.org/10.1016/j.infbeh.2022.101742
https://doi.org/10.1002/dev.22228
https://doi.org/10.1002/dev.22228
https://doi.org/10.1080/21622965.2017.1347509
https://doi.org/10.1080/21622965.2017.1347509
https://doi.org/10.1017/s0033291713002419
https://doi.org/10.1016/s2215-0366(20)30312-6
https://doi.org/10.1016/s2215-0366(20)30312-6
https://doi.org/10.1007/s10802-012-9658-z
https://doi.org/10.1007/s10802-012-9658-z
https://doi.org/10.1176/appi.ajp.161.11.2014
https://doi.org/10.1176/appi.ajp.161.11.2014
https://doi.org/10.1542/peds.2010-0165
https://doi.org/10.1542/peds.2010-0165
https://doi.org/10.1002/wcs.1499
https://doi.org/10.1007/s10802-008-9255-3
https://doi.org/10.1007/s10802-008-9255-3
https://doi.org/10.1007/s40474-019-00182-w
https://doi.org/10.1007/s40474-019-00182-w
https://doi.org/10.1017/s0954579420000735
https://doi.org/10.1017/s0954579420000735
https://doi.org/10.1080/15374416.2019.1709196
https://doi.org/10.1080/15374416.2019.1709196
https://doi.org/10.1080/15374416.2016.1220314
https://doi.org/10.1001/jamapediatrics.2018.4076
https://doi.org/10.1001/jamapediatrics.2018.4076
https://doi.org/10.1111/jcpp.12934
https://doi.org/10.1146/annurev-clinpsy-050718-095539
https://doi.org/10.1146/annurev-clinpsy-050718-095539
https://doi.org/10.1016/j.ajhg.2020.04.004
https://doi.org/10.1016/j.ajhg.2020.04.004
https://doi.org/10.1038/s41586-018-0566-4
https://doi.org/10.1146/annurev-devpsych-060320-093413
https://doi.org/10.1146/annurev-devpsych-060320-093413
https://doi.org/10.1001/jamapediatrics.2013.3817
https://doi.org/10.1001/jamapediatrics.2013.3817
https://doi.org/10.1016/j.dcn.2022.101073
https://doi.org/10.1016/j.dcn.2022.101073
https://doi.org/10.1016/j.jaac.2018.03.008
https://doi.org/10.1016/j.jaac.2018.03.008
https://doi.org/10.1111/jcpp.13543
https://doi.org/10.1111/jcpp.12381
https://doi.org/10.1111/jcpp.12381


Rabinovitz, B. B., O'Neill, S., Rajendran, K., & Halperin, J. M. (2016).

Temperament, executive control, and attention‐deficit/hyperactivity
disorder across early development. Journal of Abnormal Psychology,
125(2), 196–206. https://doi.org/10.1037/abn0000093

Raman, S. R., Man, K. K. C., Bahmanyar, S., Berard, A., Bilder, S., Boukhris,

T., Bushnell, G., Crystal, S., Furu, K., KaoYang, Y. H., Karlstad, O.,

Kieler, H., Kubota, K., Lai, E. C. C., Martikainen, J. E., Maura, G.,

Moore, N., Montero, D., Nakamura, H., & Wong, I. C. K. (2018).

Trends in attention‐deficit hyperactivity disorder medication use: A
retrospective observational study using population‐based databases.
The Lancet Psychiatry, 5(10), 824–835. https://doi.org/10.1016/
s2215‐0366(18)30293‐1

Reetzke, R., Iosif, A., Hatch, B., Paz, L., Chuang, A., Ozonoff, S., & Miller, M.

(2022). Patterns of objectively measured motor activity among in-

fants developing ASD and concerns for ADHD. Journal of Child Psy-
chology and Psychiatry, 63(6), 663–673. https://doi.org/10.1111/jcpp.
13504

Riddle, M. A., Yershova, K., Lazzaretto, D., Paykina, N., Yenokyan, G.,

Greenhill, L., Abikoff, H., Vitiello, B., Wigal, T., McCracken, J. T.,

Kollins, S. H., Murray, D. W., Wigal, S., Kastelic, E., McGough, J. J., dos

Reis, S., Bauzo‐Rosario, A., Stehli, A., & Posner, K. (2013). The pre-
school attention‐deficit/hyperactivity disorder treatment study

(PATS) 6‐year follow‐up. Journal of the American Academy of Child &
Adolescent Psychiatry, 52(3), 264–278.e2. https://doi.org/10.1016/j.
jaac.2012.12.007

Riglin, L., Leppert, B., Dardani, C., Thapar, A. K., Rice, F., O'Donovan, M. C.,

Davey Smith, G., Stergiakouli, E., Tilling, K., & Thapar, A. (2021).

ADHD And depression: Investigating a causal explanation. Psycho-
logical Medicine, 51(11), 1890–1897. https://doi.org/10.1017/s003
3291720000665

Riglin, L., Tobarra‐Sanchez, E., Stergiakouli, E., Havdahl, A., Tilling, K.,
O’Donovan, M., Nigg, J., Langley, K., & Thapar, A. (2022). Early

manifestations of genetic liability for ADHD, autism and schizo-

phrenia at ages 18 and 24 months. JCPP Adv, 2(3), e12093. https://
doi.org/10.1002/jcv2.12093

Rimvall, M. K., Elberling, H., Rask, C. U., Helenius, D., Skovgaard, A. M., &

Jeppesen, P. (2014). Predicting ADHD in school age when using the

strengths and difficulties questionnaire in preschool age: A longitu-

dinal general population study, CCC2000. European Child & Adoles-
cent Psychiatry, 23(11), 1051–1060. https://doi.org/10.1007/s007
87‐014‐0546‐7

Russell, A. E., Ford, T., Williams, R., & Russell, G. (2016). The association

between socioeconomic disadvantage and attention‐deficit/hyper-
activity disorder (ADHD): A systematic review. Child Psychiatry and
Human Development, 47(3), 440–458. https://doi.org/10.1007/s10
578‐015‐0578‐3

Rutter, T. M., & Arnett, A. B. (2021). Temperament traits mark liability for

coexisting psychiatric symptoms in children with elevated ADHD

symptoms. Journal of Attention Disorders, 25(13), 1871–1880. https://
doi.org/10.1177/1087054720943282

Sanders, M. R., Kirby, J. N., Tellegen, C. L., & Day, J. J. (2014). The triple P‐
positive parenting program: A systematic review and meta‐analysis
of a multi‐level system of parenting support. Clinical Psychology Re-
view, 34(4), 337–357. https://doi.org/10.1016/j.cpr.2014.04.003

Sedgwick, J. A., Merwood, A., & Asherson, P. (2019). The positive aspects

of attention deficit hyperactivity disorder: A qualitative investiga-

tion of successful adults with ADHD. ADHD Atten. Deficit Hyper-
act. Disord, 11(3), 241–253. https://doi.org/10.1007/s12402‐018‐
0277‐6

Senior, M., Fanshawe, T., Fazel, M., & Fazel, S. (2021). Prediction models

for child and adolescent mental health: A systematic review of

methodology and reporting in recent research. JCPP Adv, 1(3),
e12034. https://doi.org/10.1002/jcv2.12034

Shamrova, D. P., & Cummings, C. E. (2017). Participatory action research

(PAR) with children and youth: An integrative review of methodol-

ogy and PAR outcomes for participants, organizations, and com-

munities. Children and Youth Services Review, 81, 400–412. https://
doi.org/10.1016/j.childyouth.2017.08.022

Shephard, E., Fatori, D., Mauro, L. R., de Medeiros Filho, M. V., Hoexter,

M. Q., Chiesa, A. M., Fracolli, L. A., Brentani, H., Ferraro, A. A.,

Nelson, C. A., Miguel, E. C., & Polanczyk, G. V. (2019). Effects of

maternal psychopathology and education level on neurocognitive

development in infants of adolescent mothers living in poverty in

Brazil. Biol. Psychiatry Cogn. Neurosci. Neuroimaging, 4(10), 925–934.
https://doi.org/10.1016/j.bpsc.2019.05.009

Shephard, E., Zuccolo, P. F., Idrees, I., Godoy, P. B., Salomone, E., Ferrante,

C., Sorgato, P., Catao, L. F., Goodwin, A., Bolton, P. F., Tye, C., Groom,

M. J., & Polanczyk, G. V. (2022). Systematic review andmeta‐analysis:
The science of early‐life precursors and interventions for attention‐
deficit/hyperactivity disorder. Journal of the American Academy of
Child & Adolescent Psychiatry, 61(2), 187–226. https://doi.org/10.
1016/j.jaac.2021.03.016

Shuffrey, L. C., Pini, N., Potter, M., Springer, P., Lucchini, M., Rayport, Y.,

Sania, A., Firestein, M., Brink, L., Isler, J. R., Odendaal, H., & Fifer,

W. P. (2022). Aperiodic electrophysiological activity in preterm in-

fants is linked to subsequent autism risk. Developmental Psychobiol-
ogy, 64(4), e22271. https://doi.org/10.1002/dev.22271

Sonuga‐Barke, E. J. S., Barton, J., Daley, D., Hutchings, J., Maishman, T.,
Raftery, J., Stanton, L., Laver‐Bradbury, C., Chorozoglou, M., Coghill,
D., Little, L., Ruddock, M., Radford, M., Yao, G. L., Lee, L., Gould, L.,

Shipway, L., Markomichali, P., McGuirk, J., . & Thompson, M. J. J.

(2018). A comparison of the clinical effectiveness and cost of spe-

cialised individually delivered parent training for preschool atten-

tion‐deficit/hyperactivity disorder and a generic, group‐based
programme: A multi‐centre, randomised controlled trial of the new
forest parenting programme versus incredible years. European Child
& Adolescent Psychiatry, 27(6), 797–809. https://doi.org/10.1007/
s00787‐017‐1054‐3

Sullivan, E. L., Holton, K. F., Nousen, E. K., Barling, A. N., Sullivan, C. A.,

Propper, C. B., & Nigg, J. T. (2015). Early identification of ADHD risk

via infant temperament and emotion regulation: A pilot study.

Journal of Child Psychology and Psychiatry, 56(9), 949–957. https://
doi.org/10.1111/jcpp.12426

Szatmari, P., Chawarska, K., Dawson, G., Georgiades, S., Landa, R., Lord, C.,

Messinger, D. S., Thurm, A., & Halladay, A. (2016). Prospective lon-

gitudinal studies of infant siblings of children with autism: Lessons

learned and future directions. Journal of the American Academy of Child
& Adolescent Psychiatry, 55(3), 179–187. https://doi.org/10.1016/j.
jaac.2015.12.014

Talbott,M. R., &Miller,M. R. (2020). Future directions for infant identification

and intervention for autism spectrum disorder from a transdiagnostic

perspective. Journal of Clinical Child and Adolescent Psychology, 49(5),
688–700. https://doi.org/10.1080/15374416.2020.1790382

Thapar, A. (2018). Discoveries on the genetics of ADHD in the 21st

century: New findings and their implications. American Journal of
Psychiatry, 175(10), 943–950. https://doi.org/10.1176/appi.ajp.2018.
18040383

Thapar, A., Rice, F., Hay, D., Boivin, J., Langley, K., van den Bree, M., Rutter,

M., & Harold, G. (2009). Prenatal smoking might not cause attention‐
deficit/hyperactivity disorder: Evidence from a novel design. Biolog-
ical Psychiatry, 66(8), 722–727. https://doi.org/10.1016/j.biopsych.
2009.05.032

Thomason, M. E. (2020). Development of brain networks in utero: Rele-

vance for common neural disorders. Biological Psychiatry, 88(1),
40–50. https://doi.org/10.1016/j.biopsych.2020.02.007

Tobarra‐Sanchez, E., Riglin, L., Agha, S. S., Stergiakouli, E., Thapar, A., &
Langley, K. (2022). Preschool development, temperament and ge-

netic liability as early markers of childhood ADHD: A cohort study.

JCPP advances, 2, e12099.
Treur, J. L., Demontis, D., Smith, G. D., Sallis, H., Richardson, T. G., Wiers,

R. W., Borglum, A. D., Verweij, K. J., & Munafo, M. R. (2021).

Investigating causality between liability to ADHD and substance use,

and liability to substance use and ADHD risk, using Mendelian

randomization. Addiction Biology, 26(1), e12849. https://doi.org/10.
1111/adb.12849

Ulijaszek, S. (2013). Cultural consensus modeling of disease. In When
culture impacts health 269–278. Elsevier.

Unsworth, N., & Robison, M. K. (2017). The importance of arousal for

variation in working memory capacity and attention control: A latent

variable pupillometry study. Journal of Experimental Psychology

 26929384, 0, D
ow

nloaded from
 https://acam

h.onlinelibrary.w
iley.com

/doi/10.1002/jcv2.12144 by T
est, W

iley O
nline L

ibrary on [08/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1037/abn0000093
https://doi.org/10.1016/s2215-0366(18)30293-1
https://doi.org/10.1016/s2215-0366(18)30293-1
https://doi.org/10.1111/jcpp.13504
https://doi.org/10.1111/jcpp.13504
https://doi.org/10.1016/j.jaac.2012.12.007
https://doi.org/10.1016/j.jaac.2012.12.007
https://doi.org/10.1017/s0033291720000665
https://doi.org/10.1017/s0033291720000665
https://doi.org/10.1002/jcv2.12093
https://doi.org/10.1002/jcv2.12093
https://doi.org/10.1007/s00787-014-0546-7
https://doi.org/10.1007/s00787-014-0546-7
https://doi.org/10.1007/s10578-015-0578-3
https://doi.org/10.1007/s10578-015-0578-3
https://doi.org/10.1177/1087054720943282
https://doi.org/10.1177/1087054720943282
https://doi.org/10.1016/j.cpr.2014.04.003
https://doi.org/10.1007/s12402-018-0277-6
https://doi.org/10.1007/s12402-018-0277-6
https://doi.org/10.1002/jcv2.12034
https://doi.org/10.1016/j.childyouth.2017.08.022
https://doi.org/10.1016/j.childyouth.2017.08.022
https://doi.org/10.1016/j.bpsc.2019.05.009
https://doi.org/10.1016/j.jaac.2021.03.016
https://doi.org/10.1016/j.jaac.2021.03.016
https://doi.org/10.1002/dev.22271
https://doi.org/10.1007/s00787-017-1054-3
https://doi.org/10.1007/s00787-017-1054-3
https://doi.org/10.1111/jcpp.12426
https://doi.org/10.1111/jcpp.12426
https://doi.org/10.1016/j.jaac.2015.12.014
https://doi.org/10.1016/j.jaac.2015.12.014
https://doi.org/10.1080/15374416.2020.1790382
https://doi.org/10.1176/appi.ajp.2018.18040383
https://doi.org/10.1176/appi.ajp.2018.18040383
https://doi.org/10.1016/j.biopsych.2009.05.032
https://doi.org/10.1016/j.biopsych.2009.05.032
https://doi.org/10.1016/j.biopsych.2020.02.007
https://doi.org/10.1111/adb.12849
https://doi.org/10.1111/adb.12849


Learning Memory and Cognition, 43(12), 1962–1987. https://doi.org/
10.1037/xlm0000421

Visser, S. N., Danielson, M. L., Bitsko, R. H., Holbrook, J. R., Kogan, M. D.,

Ghandour, R. M., Perou, R., & Blumberg, S. J. (2014). Trends in the

parent‐report of health care provider‐diagnosed and medicated
attention‐deficit/hyperactivity disorder: United States, 2003‐2011.
Journal of the American Academy of Child & Adolescent Psychiatry,
53(1), 34–46.e2. https://doi.org/10.1016/j.jaac.2013.09.001

Wadhwa, P., Buss, C., Entringer, S., & Swanson, J. (2009). Developmental

origins of health and disease: Brief history of the approach and cur-

rent focus on epigenetic mechanisms. Seminars in Reproductive Medi-
cine, 27(05), 358–368. https://doi.org/10.1055/s‐0029‐1237424

Weigard, A., Huang‐Pollock, C., Brown, S., & Heathcote, A. (2018). Testing
formal predictions of neuroscientific theories of ADHD with a

cognitive model–based approach. Journal of Abnormal Psychology,
127(5), 529–539. https://doi.org/10.1037/abn0000357

Willcutt, E. G., Doyle, A. E., Nigg, J. T., Faraone, S. V., & Pennington, B. F.

(2005). Validity of the executive function theory of attention‐deficit/

hyperactivity disorder: A meta‐analytic review. Biological Psychiatry,
57(11), 1336–1346. https://doi.org/10.1016/j.biopsych.2005.02.006

Willoughby, M. T., Gottfredson, N. C., & Stifter, C. A. (2017). Observed

temperament from ages 6 to 36 months predicts parent‐ and
teacher‐reported attention‐deficit/hyperactivity disorder symptoms
in first grade. Development and Psychopathology, 29(1), 107–120.
https://doi.org/10.1017/s0954579415001236

How to cite this article:Miller, M., Arnett, A. B., Shephard, E.,

Charman, T., Gustafsson, H. C., Joseph, H. M., Karalunas, S.,

Nigg, J. T., Polanczyk, G. V., Sullivan, E. L., & Jones, E. J. H.

(2023). Delineating early developmental pathways to ADHD:

Setting an international research agenda. JCPP Advances,

e12144. https://doi.org/10.1002/jcv2.12144

14 of 14 - MILLER ET AL.

 26929384, 0, D
ow

nloaded from
 https://acam

h.onlinelibrary.w
iley.com

/doi/10.1002/jcv2.12144 by T
est, W

iley O
nline L

ibrary on [08/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1037/xlm0000421
https://doi.org/10.1037/xlm0000421
https://doi.org/10.1016/j.jaac.2013.09.001
https://doi.org/10.1055/s-0029-1237424
https://doi.org/10.1037/abn0000357
https://doi.org/10.1016/j.biopsych.2005.02.006
https://doi.org/10.1017/s0954579415001236
https://doi.org/10.1002/jcv2.12144

	Delineating early developmental pathways to ADHD: Setting an international research agenda
	INTRODUCTION
	Why study very early development of ADHD?
	What do we know?
	Setting a research agenda

	CAUSAL MECHANISMS AND PREDICTIVE MARKERS
	Models and mechanisms
	Methods, measurement, & study design
	Recommendations

	DEVELOPMENT OF PREEMPTIVE INTERVENTIONS
	ETHICAL ISSUES AND COMMUNITY ENGAGEMENT
	CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICTS OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICAL CONSIDERATIONS


