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Abstract 

Background: Attention Deficit Hyperactivity Disorder (ADHD) is associated with deficits in different functional 
domains. It remains unclear if deficits in different domains are equally strong in early childhood, and which deficits 
are specific to ADHD. Here, we describe functional domains in preschoolers and assess deficits in children with ADHD 
problems, by comparing them to preschoolers with other mental health problems or who develop typically.

Methods: The ADHD Study assessed 1195 ca. 3.5 years old preschoolers through a semi-structured parent interview, 
parent questionnaires, and with neuropsychological tests. We determined functional domains by applying factor ana-
lytic methods to a broad set of questionnaire- and test-scales. Using resulting factor scores, we employed a Bayesian 
hierarchical regression to estimate functional deficits in children with ADHD.

Results: We found that preschoolers’ functioning could be described along the seven relatively independent dimen-
sions activity level and regulation, executive function, cognition, language, emotion regulation, introversion, and 
sociability. Compared to typically developing preschoolers, those with ADHD had deficits in all domains except intro-
version and sociability. Only deficits in activity level regulation and executive functions were larger than 0.5 standard-
ised mean deviations and larger than deficits of children with other mental health problems.

Conclusions: Preschoolers with ADHD have deficits in multiple functional domains, but only impairments in activ-
ity level and regulation and executive functions are specific for ADHD and large enough to be clinically significant. 
Research on functioning in these domains will be important for understanding the development of ADHD, and for 
improving treatment and prevention approaches.
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© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Attention Deficit Hyperactivity Disorder (ADHD) is a 
neurodevelopmental disorder characterized by symp-
toms of inattention, impulsivity, and hyperactivity [1], 
which is associated with deficits in a number of func-
tional domains, including cognition, language, and social 
behaviour [2–5]. Whereas there is a general agreement 

that children with ADHD have difficulties in several 
domains, the relative strength and specificity of func-
tional deficits in different domains remains unclear, espe-
cially in early childhood.

The terms function and functioning are broadly used 
when   describing characteristics of patients with psy-
chiatric disorders. However, their definition can vary 
depending on the context. The current Diagnostic and 
Statistical Manual of Mental Disorders (DSM-5 [6]) 
prescribes assessment of functioning in the domains 
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Cognition, Mobility, Self-care, Getting along, Life activ-
ities and Participation. The DSM-5 also defines five 
neurocognitive domains for the diagnosis of neurocog-
nitive disorders [7], which are closer to how functional 
domains are described in basic research about ADHD 
[8, 9]. For this article, we define functional domains 
as groups of mental processes that are more closely 
related to each other than to mental processes from 
other domains.

Motivated by overlapping characteristics of patients 
with different DSM diagnoses, and by the limited suc-
cess of identifying clear and distinct (biological) causes 
and mechanisms underlying distinct DSM diagnostic 
groups, functional domains have also been proposed to 
play an important role to further the understanding of 
mental disorders. The Research Domain Criteria frame-
work (RDoC, [10]) was proposed to understand and 
explain mental health disorders as a combination of defi-
cits across the domains negative valence systems, posi-
tive valence systems, cognitive systems, systems for social 
processes, and arousal/regulatory systems. Because many 
ADHD characteristics are thought to be extreme expres-
sions of traits present in the general population, a dimen-
sional approach should be useful for understanding 
ADHD [11, 12]. The RDoC approach appears particularly 
relevant for ADHD, because RDoC domains map well 
onto (biological) functions that are thought to be a cause 
of ADHD (e.g., reinforcement learning as part of the pos-
itive valence systems), functions where key ADHD symp-
toms are expressed (e.g., attention as part of the cognitive 
systems and hyperactivity as dependent on the arousal/
regulatory systems), or functions that are often impaired 
in ADHD (behavior problems as part of the social sys-
tems). While researchers have investigated either neu-
ropsychological profiles (e.g., [13–15]) or temperamental 
aspects of ADHD [16], there is a lack of ADHD research 
that examines psychological functioning across a broad 
range of domains by using both neuropsychological tests 
and temperament questionnaires. Moreover, even though 
early functional deficits likely play an important role in 
the development of ADHD symptoms, there is to date lit-
tle research on functional profiles of preschoolers.

Hence, we propose to use results from a broad range 
of instruments, including neuropsychological and perfor-
mance tasks and parent-questionnaires about cognitive 
functioning and temperament (personality traits) to iden-
tify functional domains. We chose this range of measures, 
because both performance-based and temperamental 
traits can contribute to mental health problems [13, 16]. 
More generally, temperamental and performance-based 
traits of individuals are relatively stable over time and 
correlated with each other [17]. Because temperamental 
and performance-based traits are associated with each 

other and ADHD, both are important for understanding 
ADHD and its development.

The ADHD Study, a sub-study of the Norwegian 
Mother and Child Birth Cohort Study (MoBa, [18]), doc-
umented functional deficits in language, executive func-
tions, affect and emotion regulation and social behaviour 
in preschoolers with ADHD [19–24]. While these stud-
ies demonstrate functional deficits in preschoolers with 
ADHD and related disorders in a number of domains, the 
picture remains incomplete. It is unclear if these domains 
are independent, if deficits compared to typically devel-
oping children are equally large in all domains, and which 
deficits are especially strong in ADHD compared to pre-
school age children with other mental health or devel-
opmental problems. Lastly, the inherent uncertainty of 
mental health diagnoses in preschoolers [25] raises the 
question if children who fulfill diagnostic criteria for 
symptoms and impairments have different functional 
profiles than children who only fulfill symptom criteria.

Hence, the aim of this article is to describe functional 
domains in preschoolers, and to explore how functional 
profiles of preschoolers with ADHD problems differ from 
profiles of children with other mental health problems 
and typically developing controls. Because  the instru-
ments used in examining ADHD are oriented towards 
key symptoms and impairments and because  RDoC 
domains are highly relevant  for ADHD, we hypothesize 
that the broad set of measures collected in the ADHD 
study is organized in domains similar to those described 
in the RDoC approach. We further hypothesize that pre-
schoolers with ADHD have the greatest impairments in 
domains that are related to core ADHD symptoms.

Methods
Study design and recruitment of participants
The Norwegian Mother and Child Cohort Study (MoBa) 
is an ongoing prospective population-based cohort study 
of Norwegian-speaking women that is conducted by the 
Norwegian Institute of Public Health [18]. The current 
article is from a clinical sub-study on ADHD, for which 
Fig.  S1 shows the recruitment procedure. This study 
oversampled children at risk for ADHD, by using data 
from the MoBa questionnaire that was administered 
to mothers at child age 3 years [26]. The questionnaire 
included 11 items about ADHD, including six items 
from the Child Behavior Checklist/1.5–5 (CBCL, [27]) 
and five items from the DSM-IV-TR criteria for ADHD 
[28]. Children were identified as at risk for ADHD when 
their sum score from the 11 ADHD symptom questions 
was at or above the 90th percentile of sum-scores. The 
cutoff was determined based on sum scores from chil-
dren in MoBa born before 2004, and applied as criteria 
for selection into the ADHD study for children born 
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April 1. 2004 and onward. Children were also identified 
as at risk when the mother indicated “Hyperactivity” on 
a list, when asked if the child “suffered any long-term ill-
ness or health problems since the age of 18 months”. In 
addition to 2801 preschoolers at risk for ADHD, 651 
control participants were invited to participate. In total, 
about 35% agreed to participate in the ADHD Study, and 
from 2007 to 2011, 1195 children (mean age: 3.5 years, 
age range: 3.1 to 3.8 years) took part in a 1-day clinical 
assessment.

Material
The study used the semi-structured clinical parent-inter-
view “Preschool Age Psychiatric Assessment” (PAPA, 
[29]) to assess mental health symptoms. The PAPA inter-
view elicits, based on DSM IV diagnostic classifications, 
information about symptoms and impairments for many 
mental health disorders of the childhood. This includes 
ADHD, conduct disorder, oppositional defiant disorder 
and anxiety disorders. In the ADHD study, only symp-
toms lasting longer than 3 months from their onset were 
counted as present. The ADHD Study modified the PAPA 
by adding a section about impairments for each mental 
health problem (details in the supplementary materi-
als). As an inter-rater reliability check, a separate rater 
who was blind to the parent and teacher screen ratings 
re-scored audiotapes of 79 randomly selected assessment 
interviews. The average intra-class correlations (ICCs) 
were .97 for HI symptoms, .99 for IA symptoms, and .98 
for the total number of ADHD symptoms.

The ADHD Study employed a number of instruments 
used for diagnosis of ADHD or to assess psycho-social 
functions that are generally thought to be associated with 
ADHD. To investigate functioning, we used only parent 
questionnaires and tests developed to assess psycho-
social functions.

This research used data from following parent ques-
tionnaires: The Behavior Rating Inventory of Execu-
tive Function–preschool version (BRIEF–P, [30, 31]) 
assesses functional deficits on the sub-scales inhibit, 
shift, emotional control, working memory and plan and 
organize. From the language section of the Child Devel-
opment Inventory (CDI, [32, 33]) we used 50 items to 
score expressive language. The Children’s Behavior Ques-
tionnaire (CBQ, [34]) is a temperament questionnaire 
with 50 items grouped into the sub-scales activity level, 
anger, attention focusing, discomfort, fear, high intensity 
pleasure, low intensity pleasure, impulsivity, inhibitory 
control, perceptual sensitivity, sadness and soothability. 
The Emotionality, Activity and Shyness temperament 
questionnaire (EAS, [35, 36]) uses 12 items to score pre-
schoolers on the sub-scales activity, emotion, shyness and 
sociability.

The ADHD Study used a sub-set of the NEuroPSY-
chological Assessment Battery tests (NEPSY, [37, 38]), 
including those to assess inhibition, visual attention, visu-
ospatial processing and language. The Norwegian version 
of the Boston Naming Test (BNT, [39]) assess expressive 
language. From the Stanford-Binet Intelligence Scales 
5th ed. [40] the ADHD study used the  Verbal Memory 
for Sentences test (VMS) as an indicator of verbal work-
ing memory, the Delayed Response task/Block Span test 
(DR/BS) as an indicator of nonverbal working memory, 
the Object series, Pattern analysis/Matrices tests (OS/
PAM) as an indicator of nonverbal IQ and the Compre-
hension/Vocabulary test (CM) as an indicator for verbal 
IQ. Finally, the ADHD study used a version of the Cookie 
Delay Task (CDT) to assess delay aversion. Because the 
ADHD Study was planned before the proposal of RDoC, 
the questionnaires and tests used in ADHD Study do not 
cover all RDoC domains equally well. In particular, the 
instruments employed do not allow a reliable characteri-
zation of the positive valence system. See the supplemen-
tary information for further details about the instruments 
and assignment of instruments to RDoC domains.

Procedure
Parents who had consented to participate received ques-
tionnaires around 4 weeks before the assessment day. For 
the clinical assessment, all participants travelled to Oslo 
University Hospital. At the assessment day, clinical psy-
chologists or psychiatrist conducted neuropsychologi-
cal tests and medical examinations in dedicated rooms. 
Trained graduate students in psychology conducted the 
PAPA parent interview under supervision of clinical 
experts. The assessment day concluded with a debrief-
ing for parents. The present study was approved by the 
Norwegian Regional Ethics Committee for Medical and 
Health related Research. All procedures were performed 
in accordance with relevant guidelines.

Data analysis
All analyses were performed with R [41] or Mplus [42]. 
The supplementary information contains additional anal-
ysis details.

Classification of participants into problem groups
Classifications were determined by an algorithm that 
applied DSM IV symptom and impairment criteria to 
PAPA data. Children were classified as having ADHD, 
behavioural (Oppositional Defiant or Conduct Disorder) 
or anxiety (Social, Separation, or Generalized Anxiety, 
Phobia) problems with impairment, if they fulfilled DSM 
IV symptom and impairment criteria. They were clas-
sified as having problems without impairment, if they 
fulfilled only symptom criteria. We also used clinicians’ 
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global evaluation of the presence and impairing nature 
of language problems. Preschoolers who had multiple 
but only one impairing problem, were classified based 
on this problem. Children with multiple impairing prob-
lems were classified into the first of the following prob-
lem-groups for which they fulfilled diagnostic criteria: 
1. ADHD, 2. behaviour, 3. anxiety, and 4. language prob-
lems. Problems-groups are ordered such that those with 
typically more co-morbid disorders and impairments are 
ranked higher. Children without a mental health problem 
were categorized as typically developing. (See also Fig. S3 
and S4.)

Choice and scoring of tests and scales
We included scales and tests that measure psychological 
functioning and for which data from at least 70% of the 
children was available. These are the abbreviated sub-
scales of the Stanford Binet test, NEPSY, CDT, BNT, the 
language section of the CDI and all sub-scales from the 
BRIEF-P, CBQ, EAS questionnaires.  All tests except the 
BNT were scored based on the published test manuals. 
The  BNT and questionnaire sub-scales were scored by 
estimating Rasch Item Response Theory (IRT) models 
[43] for each sub-scale of a questionnaire. We used IRT 
models because these use the available data better, and 
because estimation of latent difficulties with the same 
mean and standard deviation across scales facilitates the 
further analysis with factor-analytic methods.

Identification of functional domains through exploratory 
structural equation modelling
This step used test- and trait-scores calculated in the 
previous step. An initial analysis used a confirmatory 
factor analysis to examine if a theory-based assignment 
of scales to RDoC domains fitted the data well (see sup-
plementary materials for the assignment of sub-scales to 
RDoC dimensions). For the data driven identification of 
functional domains we estimated exploratory structural 
equation models (ESEM). Lastly, we used CFA to explore 
if the model structure of the best ESEM factor model 
could be simplified by setting weak cross loadings to 
zero. Factor scores from the final model capture individ-
ual functioning in the different domains and were basis 
for further analyses.

Comparison of functioning across functional domains 
and groups
We employed a Bayesian hierarchical linear regression 
model to examine associations of mental health problems 
and functioning in all domains simultaneously, while also 
taking into account that associations might vary across 
gender and groups with different problems and degrees 
of impairment. By estimating the model in a Bayesian 

framework with weakly informative priors, one can relia-
bly estimate variation in effect sizes between groups, and 
automatically control the multiple comparison problem 
[44]. Consistent with recent recommendations about sta-
tistical practice [45, 46] we report effect size means and 
the 90% credible intervals instead of p-values. To com-
municate the probability of clinically significant impair-
ments or differences between groups, we report posterior 
probabilities that a difference is larger than 0.5 standard-
ised mean differences (SMD).

The study sample
Parents of 40% of at risk for ADHD and 25% of con-
trol children consented to participate. Altogether 1195 
children participated in the assessment, of which 1184 
children had less than 50% of missing data on tests and 
scales of interest. Of these participants, 219 fullfiled DSM 
IV ADHD symptom criteria (168 with and 51 without 
impairment) Table  1 describes the study sample. Even 
though the sample was obtained by screening for chil-
dren with ADHD symptoms  and inclusion of a smaller 
number of random controls, most of the participants did 
not qualify for an ADHD diagnosis or any other child 
mental disorder diagnosis.

Results
Dimensions of functioning
Initial CFAs, for which sub-scales were on theoretical 
grounds assigned to RDoC domains, did not describe the 
data sufficiently well (see Table S1). The final ESEM anal-
ysis showed that a 7-factor model was the simplest model 

Table 1 Study Sample

Note. Fig. S2 shows all observed combinations of mental health problems

ANX anxiety, BEH behaviour problems, LNG language problems

TDC w/ impairm. w/o impairm. Total

Diagnostic group

 ADHD – 168 (62%) 51 (29%) 219 (18.5%)

 BEH – 42 (15.5%) 25 (14.2%) 67 (5.7%)

 ANX – 37 (13.7%) 37 (21%) 74 (6.2%)

 LNG – 24 (8.9%) 63 (35.8%) 87 (7.3%)

 TDC 737 (100%) – – 737 (62.2%)

Gender

 boy 353 (47.9%) 154 (56.8%) 111 (63.1%) 618 (52.2%)

 girl 384 (52.1%) 117 (43.2%) 65 (36.9%) 566 (47.8%)

Age (months)

 Mean (SD) 41.7 (1.3) 41.7 (1.3) 41.7 (1.3) 41.7 (1.3)

Maternal education

 Elem., HS 161 (22.2%) 105 (39.5%) 60 (34.5%) 326 (28%)

 Bachelor 330 (45.5%) 101 (38%) 66 (37.9%) 497 (42.7%)

 Master 234 (32.3%) 60 (22.6%) 48 (27.6%) 342 (29.4%)
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that could adequately describe the data (RMSEA = 0.03 
(0.028, 0.037), CFI = 0.96). Because follow up CFA analy-
ses that constrained small cross-loadings to zero resulted 
in unsatisfactory RMSEA and CFI statistics, we retained 
the final ESEM model as the best model of functional 
domains.

Table S2 and Fig. S5 show the factor loadings from the 
best ESEM model. This suggests following factors: activ-
ity level and regulation (AL, the ability to down-regulate 
physical activity), executive functions (EF, the ability to 
regulate behaviour and cognitive functions), cognition 
(CO, working memory and cognitive flexibility), language 
(LA), emotion regulation (ER, the ability to control emo-
tions), introversion (IN, the preference for calm activities) 
and sociability (SO, the ability to get into contact with 
others). The average of the unsigned factor correlations 
was 0.15. Following factor correlations were larger than 
0.30: r(LA,CO) = 0.39, r(EF,AL) = 0.32, r(ER,EF) = 0.32 
(c.f. Table S3).

Functional profiles of preschoolers with ADHD problems
Across all domains, functioning of preschoolers with 
ADHD was -0.42 standardised mean differences (SMD) 
below the functioning of typically developing preschool-
ers. The average SMDs for preschoolers with ADHD 
with and without impairment were -0.55 and -0.30, 
respectively. Preschoolers with language problems had 
functioning deficits similar to preschoolers with ADHD, 
whereas children with behaviour or anxiety problems 
had milder deficits (c.f. Table  S4).  Figure  1 and Table  2 
show functional profiles. Preschoolers with ADHD were 
particularly impaired in the domains EF and AL, where 
their functioning was around −0.90 SMD below that 
of typically developing controls (P(SMD < −0.5) = 1). 
In comparison, functioning levels of preschoolers 
with ADHD in the domains CO, LA and ER was only 
around −0.50 SMD below typically developing controls 
(P(SMD < −0.5) = 0.56). Functioning in the domains SO 
and IN did not differ substantially from typically develop-
ing controls (average SMD = 0; P(SMD < −0.5) = 0). Pre-
schoolers with ADHD with and without impairment had 
similar functioning patterns. However, with exception 
of the domains CO and SO, those with impairment had 
around 0.30 SMD larger deficits than those without. We 
found overall small gender differences. Only in SO did 
boys with ADHD show somewhat weaker deficits than 
girls.

Figure  2 and Tables  2 and S7 report comparisons 
between preschoolers with ADHD and those with other 
mental health or developmental problems. Only defi-
cits in AL (with impairment: SMD = −1.04 (−1.23, 
−0.86; P(SMD < -.5) = 1.00), without impairment: 
SMD = −0.74 (−0.98, −0.49; P(SMD < -.5) = 0.94)) 

and EF  (with impairment: SMD = −0.61 (−0.79, 
−0.42; P(SMD < -.5) = 0.84)), without impairment: 
SMD = −0.35 (−0.59, −0.11; P(SMD < -.5) = 0.15)) 
were larger in preschoolers with ADHD, compared to 
preschoolers with other mental health problems. Pre-
schoolers with ADHD had only moderately more dif-
ficulties in CO (with impairment: SMD = −0.32 (−0.50, 
−0.13; P(SMD < -.5) = 0.05), without impairment: 
SMD = −0.24 (−0.48, −0.01; P(SMD < -.5) = 0.04)) com-
pared to preschoolers with other mental health prob-
lems, and similar or fewer difficulties in the domains 
LA, ER, IN, or SO (with impairment: SMD = 0.14 
(0.04, 0.25; P(SMD < -.5) = 0.00)), without impair-
ment: SMD = 0.28 (0.15, 0.41; P(SMD < -.5) = 0.00)). 
In particular, children with ADHD had much weaker 
LA deficits than preschoolers with impairing lan-
guage problems (with impairment: SMD = 1.20 (0.89, 
1.53; P(SMD < -.5) = 0.00), without impairment: 
SMD = 0.86 (0.58, 1.14; P(SMD < -.5) = 0.00)), and were 
more sociable than children with impairing anxiety 
problems (with impairment: SMD = 1.12 (0.87, 1.38; 
P(SMD < -.5) = 0.00), without impairment: SMD = 0.82 
(0.52, 1.13; P(SMD < -.5) = 0.00)). Figure  3 summarises 
the comparisons and highlights that, whereas preschool-
ers with ADHD are impaired compared to TDC in most 
functional domains, only impairments of AL and EF 
are specific to ADHD in that they are larger than 0.5 
SMD compared to TDC and also larger than deficits of 
preschoolers with other mental health problems. See 
Table S6 for more details.

Discussion
The aim of the current study was to describe domains of 
functioning in preschoolers and to compare functioning 
of preschoolers with ADHD problems with that of pre-
schoolers with other or no problems. We identified seven 
weakly correlated functional domains: Executive func-
tioning (EF), activity level and regulation (AL), cognition 
(CO), language (LA), introversion (IN), emotion regula-
tion (ER) and sociability (SO). Compared to typically 
developing children, functional deficits of preschoolers 
with ADHD were especially pronounced in AL and EF, 
less pronounced in CO, LA, and ER, and absent in SO 
and IN. Compared to children with anxiety, behaviour or 
language problems, children with ADHD had similar or 
weaker deficits in all domains except AL and EF, where 
they had substantially greater impairments. Therefore, 
only EF and AL impairments appear specific to children 
with ADHD problems.

A likely reason for divergences between our and 
the RDoC domains is that the set of instruments used 
influences which domains a study recovers. The use 
of many instruments to assess language and cognition 
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Fig. 1 Comparison of preschoolers with ADHD with typically developing preschoolers (TDC). Values below zero indicate deficits in preschoolers 
with ADHD. Boxes cover 50% highest density intervals (HDIs), thin vertical lines cover 90% HDIs. The two solid horizontal lines enclose a range from 
−0.5 to 0.5 SMD

Table 2 Differences in functioning between preschoolers with ADHD and preschoolers with no or other problems

Values are mean (lower, upper 90% HDI; P(SMD < -0.5)). See main text for abreviations LA – SO

SMD Standardized mean deviations

Domain TDC vs ADHD w/ impairm TDC vs ADHD w/o impairm TDC vs All ADHD Other MHP vs All ADHD

AL −0.97 (−1.14, −0.82; 1.00) −0.74 (−0.99, −0.47; 0.97) −0.92 (−1.07, −0.78; 1.00) −0.89 (−1.41, −0.37; 0.88)

EF −1.02 (−1.17, −0.87; 1.00) −0.58 (−0.82, −0.33; 0.74) −0.91 (−1.04, −0.77; 1.00) −0.48 (−0.92, −0.07; 0.44)

CO −0.55 (−0.70, −0.40; 0.73) −0.40 (−0.66, −0.17; 0.22) −0.51 (−0.65, −0.37; 0.58) −0.28 (−0.81, 0.32; 0.28)

LA −0.53 (−0.68, −0.38; 0.67) −0.09 (−0.34, 0.15; 0.00) −0.43 (−0.55, −0.28; 0.16) 0.36 (−0.41, 1.31; 0.02)

ER −0.71 (−0.86, −0.55; 0.99) −0.31 (−0.56, −0.06; 0.07) −0.62 (−0.75, −0.47; 0.95) −0.12 (−0.62, 0.33; 0.1)

IN −0.18 (−0.32, −0.01; 0.00) 0.12 (−0.13, 0.36; 0.00) −0.11 (−0.24, 0.04; 0.00) 0.14 (−0.34, 0.58; 0.01)

SO 0.11 (−0.05, 0.27; 0.00) 0.02 (−0.21, 0.26; 0.00) 0.09 (−0.07, 0.22; 0.00) 0.47 (−0.06, 1.21; 0)
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likely contributed to our identification of two domains 
in this area, whereas the sparse assessment of reward 
processing likely impeded us from identifying such a 
domain or even specific concepts within reward pro-
cessing like reinforcement learning of delay aversion. 

In sum, while the domains we identified are broadly 
consistent with the RDoC domains, we cannot 
make a confident statement in favour of or against 
RDoC domains, because the study was not designed to 
test the RDoC domains.

Fig. 2 Comparison of preschoolers with ADHD with preschoolers with other mental health problems. Relative functioning is calculated as the 
factor score difference between ADHD group and comparison group. Values below zero indicate that the comparison group has less problems than 
preschoolers with ADHD
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Similar to earlier investigation, we observed only small 
correlations between assessments of the same construct 
with parent-questionnaires and tests. Toplak, West and 
Stanovich [47] hypothesized that the low correlation 
could be explained by the fact that tests primarily meas-
ure the ability to perform a task, whereas questionnaires 
in addition measure the ability to independently focus 
energy in a goal-oriented manner. This interpretation 
assumes that both instrument types reliably measure 
traits and abilities. The low correlations could also be due 
to unsystematic and systematic errors in both instrument 
types. For example, tests can measure state in addition 
to trait, and questionnaires suffer from response biases 
or varying understanding of parents about what behav-
iour is normative. Repeated administration of tests would 
provide the most reliable information and should if pos-
sible be used in the assessment of children.

As expected, we found the largest deficits of children 
with ADHD in the domains of activity level and regu-
lation and executive functions. The prominence of EF 
and AL impairments is consistent with a dual pathways 

view of the development of ADHD, which suggests 
that ADHD can be caused by earlier functional deficits 
[48]. While the original formulation of the dual path-
way hypothesis highlights deficits in EF and reward 
processing as key causes for the development of ADHD 
symptoms, we only find direct evidence for early EF 
deficits, likely due to the sparse assessment of reward 
processing in the ADHD study with a CDT task and 
CBQ scales about high- and low-intensity pressure, 
but without a more detailed assessment of, e.g., rein-
forcement learning. Still, our results provide indirect 
evidence for the hypothesis of early reward processing 
deficits, if one considers that some ADHD theories sug-
gest that a heightened activity level is an indicator for 
impaired reward processing [2, 49]. Still, future studies 
should put more emphasis on the assessment of reward 
processing in early childhood, in order to improve the 
understanding of its role in the development of ADHD 
symptoms. The prominence of AL and EF deficits in 
early childhood raises the likelihood that they are 
causes of later deficits in the other domains.

Fig. 3 Joint comparison of factor scores differences between preschoolers with ADHD and typically developing preschoolers (TDC, on the x-axis) 
and those with other mental health problems (MHP, on the y-axis). Differences are averaged across preschoolers with and without impairment. 
Values below zero indicate that preschoolers with ADHD have stronger problems than the comparison group. Ellipses cover 90% highest density 
intervals. Labels in ellipses indicate functional domains. Domains in the lower left rectangle are those where preschoolers with ADHD have a 0.5 
SMD larger deficit compared to TDC and children with other MHPs. See Fig. S10 for comparisons with specific other MHPs



Page 9 of 10Biele et al. BMC Psychiatry           (2022) 22:78  

While the broadness of functions investigated in 
the ADHD Study and the large sample size set this 
study apart, some aspects of the study suggest cau-
tion when generalizing results to the broader popula-
tion. The sample composition, which is characterized 
by self-selection into the study based on high parental 
education, high parental ratings of preschool ADHD 
symptoms, and absence of children with ASD (which 
were recruited into a sister study on ASD, [50]), does 
not fully reflect the population of preschoolers with 
ADHD problems. Regarding the absences of children 
with ASD, additional comparisons based on the ABC 
study sample shown in the supplementary materials 
(Fig.  S11 and following) suggest that the differences 
between children with and without ADHD we found 
are not unique to the ADHD Study sample. Still, given 
the sample characteristics, the presented results gener-
alize most readily to a population of preschoolers who 
are  at risk to develop ADHD and who have relatively 
well-educated parents.

The current study is of exploratory nature and reports 
only cross-sectional associations between differ-
ent functional domains. Nevertheless, the presented 
results suggest that because impairments in AL and EF 
are much stronger and central than other deficits, first 
choice treatment of preschoolers with ADHD from 
populations similar to the study sample should focus 
on these areas, because other functional deficits will 
typically be less severe. Future research on cross-lagged 
associations between functioning in different domains 
(c.f [51]) is needed to investigate the causal role of EF 
and AL for later development, and to inform if focus of 
treatment in these domains is indicated.

In sum, the current study identified functional 
domains similar to, but not identical with the RDoC 
framework. Preschoolers with ADHD have deficits in 
most functional domains, but only deficits in activ-
ity level and regulation and executive functions were 
clinically significant (SMD > 0.5) and more expressed 
in preschoolers with ADHD compared to those with 
other problems. Future longitudinal research on the 
development of functioning in domains over time will 
be important to investigate a causal role of early func-
tional deficits in the development of ADHD, and for the 
further development of effective early interventions for 
ADHD.
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