
Vol.:(0123456789)1 3

ADHD Attention Deficit and Hyperactivity Disorders (2019) 11:233–240 
https://doi.org/10.1007/s12402-018-0280-y

REVIEW ARTICLE

The early motor development in children diagnosed with ADHD: 
a systematic review

Sine Ravn Havmoeller1,2 · Per H. Thomsen1 · Sanne Lemcke1

Received: 8 September 2018 / Accepted: 26 November 2018 / Published online: 4 December 2018 
© Springer-Verlag GmbH Austria, part of Springer Nature 2018

Abstract
Although there is limited knowledge about early signs of ADHD, deviations in motor development are suggested as a possible 
indicator of such early signs. The purpose of the present systematic review was to gather knowledge about motor develop-
ment before three years of age in children later diagnosed with ADHD. A systematic search was completed in four research 
databases, and the quality of the identified studies was systematically assessed. Of 440 initial search results, only five studies 
met the inclusion criteria and were fully abstracted. Major methodological heterogeneity was found between the studies, and 
the results are pointing in various directions. One study found an association between delay in gross motor development and 
ADHD, while another did not. However, associations between both good early motor development as well as delayed were 
also found in one study. A study of premature infants showed no association between early motor development and attention 
problems at school age, and a study of high-risk children from a neonatal care unit found no association between abnormal 
general movements and later ADHD without comorbidity. The results of the studies are pointing in various directions. No 
firm conclusion can be drawn on early motor development in children with ADHD due to the very different results of the 
studies and the methodological heterogeneity.
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Introduction

Attention deficit hyperactivity disorder (ADHD) may appear 
already during early childhood, and the disorder has major 
consequences for both the child and the family (Rappley 
2005). Recent studies have shown that early intervention 
may improve the development and behaviour in children 
with ADHD (Charach et al. 2013). Accordingly, it is impor-
tant to be able to diagnose and initiate proper treatment 
at an early age. However, the average age of diagnosis is 
8–10 years (Atladottir et al. 2015) and studies of the very 
early signs of ADHD are sparse, implying that it is problem-
atic to diagnose children at an early age. An early marker of 
ADHD would assist in making an early clinical diagnosis 

possible, leading to early intervention and thus the possibil-
ity of improving the development of children with ADHD 
(Charach et al. 2013). Impaired early motor development 
might be an early indicator of ADHD (Lemcke et al. 2016).

School-age children with ADHD often have other comor-
bid disorders. A Swedish cohort study of 409 children found 
that 87% of the children with diagnosed ADHD had one 
comorbid disorder, and 67% had two or more (Kadesjo and 
Gillberg 2001). Likewise, a large Danish register-based 
study showed that 52% of the children with ADHD had 
at least one comorbid disorder, and 26% had two or more 
(Jensen and Steinhausen 2015). In addition, among the most 
common comorbid disorders identified were specific devel-
opmental disorders including delayed motor development. 
Several studies have shown that more than half of children 
aged 6–16 years diagnosed with ADHD have difficulties 
with gross and fine motor skills (Kaiser et al. 2014). Further-
more, in a case–control study of 486 children aged 5 years 
or more with ADHD, Fliers et al. (2008) found that 34% of 
the boys and 29% of the girls met the diagnostic criteria for 
Development Coordination Disorder (DCD). In the litera-
ture, it is discussed whether motor problems may be inherent 
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in ADHD or mediated by comorbid DCD. However, there is 
very limited knowledge about the motor development below 
school age in children with ADHD.

Definition of the term motor development and related 
terminology is discussed in the literature with no clear 
consensus. In this review, motor development is defined as 
motor skills that build on postural control, depending on 
reflex adjustment of tone in a large number of muscles in 
response to visual and proprioceptive feedback. It develops 
in a cephalocaudal (head to tail) direction starting with head 
control, and then progressing with sitting, standing, walking 
and running (McIntosh et al. 2008). In addition, it is impor-
tant to notice that in this review the term motor development 
does not include the activity level in infants.

Very early movements present in foetal life and until 
3–4 months of age are referred to as general movements 
(GMs) (Hitzert et al. 2014). It is discussed whether GMs 
are part of the child’s motor development, or if it should 
be understood as early movements in the infant (Einspieler 
and Prechtl 2005). GMs are spontaneous movements 
endogenously generated, i.e. not triggered by specific 
sensory inputs. They are seen as complex motor patterns 
involving the complete infant body (Einspieler and Prechtl 
2005). Already in the eighties, Professor Heinz Prechtl et al. 
described how measures of the quality of GMs worked as 
a powerful predictor of development of neurological dis-
orders especially for cerebral palsy (Einspieler and Prechtl 
2005). Since, it has been discussed if GMs can be used as 
a predictor for other psychiatric disorders including ADHD 
(Hadders-Algra and Groothuis 1999).

So far, the research concerning children with ADHD and 
motor development has mainly been on school-age chil-
dren. The aim of this study is to critically review published 
research studies investigating the motor development before 
three years of age in children later diagnosed with ADHD.

Materials and methods

The guidelines of the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis (PRISMA 2009) were 
followed as standard for producing and reporting findings 
in this review.

The population included in the review was children diag-
nosed with ADHD. Inclusion criteria for the ADHD diag-
nosis were either a clinical diagnosis, according to DSM-IV 
diagnostic criteria for Attention Deficit Hyperactivity Dis-
order (ADHD), including Attention Deficit Disorder (ADD) 
[“American Psychiatric Association (1994) Diagnostic and 
statistical manual of mental disorders, 4th ed. American Psy-
chiatric Association. Washington”,] or the equivalent IDC-
10 diagnosis for Hyperkinetic Disorders (F90.0), including 
other specified behavioural and emotional disorders without 

hyperactivity (F98.8) [“World HO (1993) The ICD-10 clas-
sification of mental and behavioural disorders. Diagnostic 
criteria for research. World Health Organisation, Geneva”,]. 
Or an ADHD diagnosis based on a validated questionnaire 
answered by a parent, teacher or by youth self-report, e.g. 
children behaviour check List (CBCL). Studies including 
children with congenital disorder (syndromes or genetic 
diseases), cerebral palsy or prenatal exposure to abuse were 
excluded. No restrictions were made to preterm or low 
weight children.

Selected for inclusion were studies assessing motor 
development with an age-appropriate validated measure-
ment (e.g. Denver developmental screening test) and studies 
measuring motor development as a result of motor milestone 
achievements (e.g. walk independently). In this study, GMs 
are understood as a component of motor development, for 
which reason studies measuring GMs were included. In con-
tinuation, to insure that only early motor development was 
measured inclusion required that motor development was 
assessed in children aged three years or younger, which cor-
respond to children in nursery care.

Information sources and search strategy

A systematic search of existing literature was performed 
in PubMed, Embase, PEDro and PsycInfo, using a block-
searching strategy that included a free text search performed 
by the first author. The blocks were created based on the 
aim of the study. In the searches the following subject-
headings assigned by the databases were used: (“Attention 
Deficit Disorders with Hyperactivity” OR “Attention Deficit 
Disorder”) AND (“Infant” OR “Toddler” OR “Early child-
hood”) AND (“Motor skills” OR “Motor skills disorders” 
OR “Motor disorders” OR “Development disabilities” OR 
“Child development” OR “Childhood development” OR 
“Motor development” OR “General movements”). In addi-
tion, further records were identified via Web Of Science by 
cross-checking references in selected articles (Gurevitz et al. 
2014; Hadders-Algra et al. 2009a, b; Jaspers et al. 2013; 
Lemcke et al. 2016). The searches were restricted to human 
studies published in English, Danish, Swedish and Norwe-
gian. Only original papers published in peer-reviewed jour-
nals were included. To ensure a high standard for the search 
result, case-rapports were excluded. No restrictions on date 
of publication were applied, and the final search was con-
ducted on 8 February 2018.

Data collection process

From the systematic search, articles were exported to End-
note, where duplications were removed. Publication titles 
and abstracts were assessed, and irrelevant studies were 
excluded by the first author (SH). For the remaining studies 
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(n = 43), the full text was independently evaluated by the 
two authors (SH and SL) with focus on inclusion and exclu-
sion criteria, and disagreement was discussed to achieve 
consensus.

Risk of bias in individual studies

Modified editions of Critical Appraisal Skills Program 
Checklists (CASP 2018) were used to identify risk of bias 
for the included cohort and case–control studies. The tools 
contain 12 questions and for each question there are three 
response ratings: “Yes”, “No” or “Cannot tell”. Question 7 
“What are the results of the study” is reported in Table 1. 
Questions 11 and 12 were not used as too few studies have 
previously been done in the field to answer the questions 
“Do the results of this study fit with other available evi-
dence” and “What are the implications of the study for prac-
tice”. The study appraisal was conducted independently by 
two authors (SH and SL). Any disagreements in scoring 
were resolved through discussion.

Results

Study selection and characteristics

The literature search identified a total of 440 studies after 
removal of duplicates. Screening of title and abstract 
revealed 43 potential studies in which full text were 
assessed for eligibility. Finally, five studies were included 
in the review. A flowchart of the literature search is shown 
in Fig. 1.

Motor development was assessed by milestone achieve-
ment in four studies (Table 1), and one study was included 
due to GMs as a measurement of motor development 
(Table 1). Two studies (Gurevitz et al. 2014; Lemcke et al. 
2016) included children with a clinical ADHD diagnosis, 
and in the three other studies the ADHD diagnosis was based 
on parent-rated questionnaires (Hadders-Algra et al. 2009a, 
b; Jaspers et al. 2013; Jeyaseelan et al. 2006).

Risk of bias within studies

The assessment of bias in the case–control and the cohort 
studies is shown in Tables 2 and 3. Overall, the appraisal 
of the included studies was good, but the following factors 
that could lead to bias were identified. The mean age at fol-
low-up was only around 8 years in the case–control study 
by Gurevitz et al., and in the control group, no screening 
for ADHD was made which can lead to uncertainty about 
possible ADHD. Likewise, the study by Jeyaseelan et al. 
made follow-up on ADHD in the children at a mean age of 
8.3 years. The studies by Hadders-Algra et al. and Jeyaseelan 

et al. included children with perinatal complications, con-
sequently the children were “high risk” children for ADHD 
and the generalisability of the results can be discussed.

Association between early motor development 
and later ADHD

Four studies evaluated the early motor development with 
regard to milestones. A summary of the results is shown 
in Table 1. In a population of 58 children, Gurevitz et al. 
found a significant association between delay in gross motor 
development at 3, 9 and 18 months of age and later clini-
cally diagnosed ADHD (3 months: OR = 0.31, p = 0.009. 
9 months: OR = 0.254, p = 0.014. 18 months: OR = 0.043, 
p = 0.008) (Gurevitz et al. 2014). Gross motor development 
was assessed as achieved milestones, with no further sub-
specification. As secondary findings, they reported that sig-
nificantly more children with later ADHD at 3 months of age 
were either hypotonic with lax ligaments (21%), hypertonic 
(7%) or had deformational plagiocephaly (7%). In the discus-
sion part, but not as a result, it is mentioned that “Although 
most children of the ADHD group developed within the 
acceptable wide range of the motor milestone achievement 
rate, they performed at the ‘extremes’, being either early or 
late achievers” (Gurevitz et al. 2014, p. 6).

In a longitudinal study, including 419 children with 
ADHD, Jaspers et al. (2013) showed an association between 
good motor skills in the first year of life and later ADHD 
[Gross motor skills OR: 0.60, 95% CI (0.42–0.87)]. Another 
longitudinal birth cohort study including 2034 children 
with ADHD by Lemcke and co-workers found an associa-
tion between a later diagnosis of ADHD and children who 
walked independently before 11 months [HR = 1.24 95% 
CI (1.08,1.44)], or after 15 months [HR = 1.66 95% CI 
(1.42, 1.94)]. However, most children with ADHD showed 
no deviations in the development of motor function (Lem-
cke et al. 2016). Follow-up in a cohort of 45 extreme low 
weight or premature infants showed no association between 
motor development and clinical tests of attention problems 
at school age, but a significant relationship between atten-
tion problems rated by parents and teachers and deviation 
in motor development at 24 months (Jeyaseelan et al. 2006). 
None of the papers included in this review describes associa-
tions between deviations in development of fine motor skills 
and ADHD.

In a study by Hadders-Algra et  al., the association 
between GMs and ADHD was assessed in a small group of 
high-risk children (Table 1) (Hadders-Algra et al. 2009a, b). 
The study showed no significant association between abnor-
mal GMs and later ADHD without comorbidity. However, 
children with ADHD and comorbidity had a significantly 
higher risk of having had abnormal GMs from birth to 
4 months of age.
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The influence of subtypes, sex and comorbidity

In general, the studies included in this paper reported weakly 
about topics like subtype, sex and comorbidity. As the only 
study, Gurevitz et al. (2014) divided the study cases into 
ADHD subtypes, ADHD and ADD. However, all results in 
the paper are reported for the total group, hence not specified 

in subtypes. All the papers identified report the gender dis-
tribution among the participants with a majority of boys, 
but the association with motor development is not reported.

Hadders-Algra et al. (2009a, b) found an association 
between abnormal GMs and children with ADHD and 
comorbidity. As mentioned earlier, in the study by Gurevitz 
et al. (2014) significantly more children showed deviations 

Records identified through database search
(Pubmed, Embase, PsycINFO) 

(n = 229+115+176 = 520)

Records identified through 
other sources 

(n = 12)

Records after duplicates are removed 
(n =440)

Records excluded 
(n = 397)

Full-text articles assessed for eligibility 
(n = 43)

Full-text articles excluded, 
reasons (n =38):

Excluded by language= 4
Not original paper = 1

No ADHD diagnose = 15
No info about motor 

development = 9
No info about early motor 

development = 6
Other = 3    

Studies included (n = 5):
Assessing motor development (n=4)
Assessing General Movements (n=1)

Fig. 1  PRISMA flow diagram

Table 2  CASP appraisal for 
case–control studies

Y criteria were met, N criteria were not met, CT cannot tell if criteria were met (6a, 7 not shown)

Gurevitz 
et al. (2014)

Hadders-
Algra 
(2009a, b)

1 Did the study address a clearly focused issue? Y Y
2 Did the authors use an appropriate method to answer their question? Y Y
3 Were the cases recruited in an acceptable way? Y Y
4 Were the controls selected in an acceptable way? CT Y
5 Was the exposure accurately measured to minimise bias? Y Y
6b Have the authors taken account of the potential confounding factors in 

the design and/or their analysis?
Y Y

8 How precise are the results? How precise is the estimate of risk? Precise Precise
9 Do you believe the results? Y CT
10 Can the results be applied to the local population? Y N
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in tonus at 3 months, which might be interpreted as a comor-
bidity. Jaspers et al. adjusted for autism spectrum disorders, 
but no for other comorbidities in their analysis. However, it 
did not make any difference for the estimate of the associa-
tion between early motor development and ADHD.

Discussion

In the systematic search, only five studies were identified 
that met the inclusion criteria and evaluated early motor 
development in children with later ADHD. The studies 
showed different results, from delayed motor development to 
good gross motor skills in the first year. The studies agreed 
that most children with ADHD develop as expected, how-
ever with a bipartite distribution of development of motor 
function to be either early or late (Gurevitz et al. 2014; Jas-
pers et al. 2013; Lemcke et al. 2016). No studies reported 
associations between minor motor difficulties and ADHD.

The association between ADHD and motor deficits in 
school-age children has been shown multiple times (Kai-
ser et al. 2014). However, the impact of comorbidity should 
be considered as suggested in the study by Hadders-Algra 
(2009a, b) and as Kaiser et al. (2014) hypothesise in a review 
from 2014. The influence of comorbidity was reported or 
discussed in three papers (Gurevitz et al. 2014; Hadders-
Algra et al. 2009a, b; Lemcke et al. 2016). Hadders-Algra 
et al. (2009a, b) investigated it further and found, in a popu-
lation consisting of 41 high-risk children, that an association 
between GMs and later ADHD only was present in children 
suffering from other psychiatric disorders. This result might 
suggest comorbidity as a confounder for the association 
between early motor development and later ADHD. But, it 
has to be taken into account that the study only identified 
four children with ADHD and comorbidity, and the result 

must therefore be taken with reservation. In addition, Gure-
vitz et al. (2014) found that significantly more children at 
3 months showed deviations in tonus, which also might be 
interpreted as a comorbidity.

An ongoing discussion about ADHD subtypes and 
whether they represent one or three different diseases is tak-
ing place (Biederman and Faraone 2005; Vasserman et al. 
2014). As the only study, Gurevitz et al. took this subdi-
vision into account, but with no influence on the results. 
Future studies investigating the motor development with 
focus on the subtypes could bring important knowledge 
about the influence of the subtypes to the field. Likewise, 
no studies have investigated the impact of gender on the 
early motor development. This could also be of great interest 
in future studies.

A substantial methodological heterogeneity was found 
between the studies. The studies by Gurevitz and Hadders-
Algra included small populations, which might influence 
the outcome and result in low statistical power. In con-
trast, the studies by Lemcke and Jaspers included large 
numbers of cases, which provides the studies with a high 
statistical power (Table 1). Population-based, the average 
age of an ADHD diagnosis is around 8–10 years (Atladot-
tir et al. 2015). It can be discussed if an age at follow-up 
of 7–9 years, as in the studies by Gurevitz et al. and Jeya-
seelan et al. provides sufficient follow-up time to identify 
children with ADHD diagnosis. The somewhat low age of 
follow-up can have influenced the results of the studies in 
different ways. If children diagnosed with ADHD at an older 
age also are the children without motor delays, an overes-
timation of the connection can be reported. Or if particular 
children, e.g. with comorbidity are diagnosed early, a con-
siderable number of this group of children will be included 
as cases in the studies. This will bias the results towards an 
association between developmental deviations and ADHD 

Table 3  CASP appraisal for 
cohort studies

Y criteria were met, N criteria were not met, CT cannot tell if criteria were met (7 not shown)

Lemcke 
et al. 
(2016)

Jaspers 
et al. 
(2013)

Jeyasee-
lan et al. 
(2006)

1 Did the study address a clearly focused issue? Y Y Y
2 Was the cohort recruited in an acceptable way? Y Y Y
3 Was the exposure accurately measured to minimise bias? Y Y Y
4 Was the outcome accurately measured to minimise bias? Y Y Y
5a Have the authors identified all important confounding factors? Y Y Y
5b Have they taken account of the confounding factors in the 

design and/or analysis?
Y Y Y

6a Was the follow-up of subjects complete enough? Y Y Y
6b Was the follow-up of subject long enough? Y Y CT
8 How precise are the results? Precise Precise CT
9 Do you believe the results? Y Y CT
10 Can the results be applied to the local population? Y Y N
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with comorbidity. The rest of the studies identified in the 
report used a longer follow-up time, and the risk of that the 
above-mentioned bias should interfere the results are low 
(Hadders-Algra et al. 2009a, b; Jaspers et al. 2013; Lemcke 
et al. 2016).

In the studies by Gurevitz et  al. and Hadders-Algra 
et al., assessors of motor development were unaware of the 
children’s ADHD scores or diagnosis. In the prospective 
studies, the study design makes the assessors of the early 
motor development unaware of later psychiatric diagnoses 
among the children, thus avoiding influences on the evalua-
tion of the motor skills and increasing the generalisation of 
the results. The study by Lemcke et al. incorporates inter-
views were the questions were not specifically designed for 
assessment of the association between motor development 
and ADHD. The reliability of the findings from that study 
can be debated.

Two diagnostic systems, IDC-10 and DSM-IV, are used 
worldwide to diagnose ADHD. The IDC-10 system uses the 
term Hyperkinetic Disorder (HKD), while the term ADHD 
derives from the DMS-IV system. HKD is more narrowly 
defined than ADHD, and it has been shown that children 
diagnosed with HKD also meet the criteria for ADHD, how-
ever not vice versa (Lahey et al. 2006). Two studies (Gure-
vitz et al. 2014; Lemcke et al. 2016) included children with 
clinical diagnosis but based on separate diagnostic systems, 
where the remaining studies (Hadders-Algra et al. 2009a, 
b; Jaspers et al. 2013; Jeyaseelan et al. 2006) used informa-
tion from validated questionnaires completed by parents to 
diagnose children with ADHD. This difference might have 
an impact on the classification of the diagnosed children 
found in this review and influence the comparability across 
the studies.

A number of papers were excluded, despite their use of 
CBCL as a standardised assessment tool as the inclusion 
criteria (Butcher et al. 2009; Hitzert et al. 2014). These 
studies did not evaluate ADHD as a disorder consisting of 
more components (inattention, hyperactivity, behaviour), but 
instead as a disorder of either attention or behaviour. The 
results of the full CBCL assessment would have been of 
major interest for this review. The activity level of infants 
as a predictor for later ADHD has previously been studied 
but was not included in this review (Johnson et al. 2015). A 
distinct definition of motor development excluding activ-
ity level was made, though it can be problematic to distin-
guish whether motor activities have an influence on motor 
development.

Some further limitations deserve consideration in the 
interpretation of the findings. The exclusion of other data-
bases may have left out relevant studies. Moreover, appli-
cable studies may have been missed by the exclusion of 
papers in other than English or Scandinavian languages. Fur-
thermore, only one author conducted the literature search, 

including the first screening of the papers, which may have 
reduced the reliability and validity of the first step of the 
selection process.

In conclusion, a very limited number of studies have been 
performed to evaluate early motor development in children 
with later ADHD. The findings are pointing in various direc-
tions and due to methodological heterogeneity and other 
limitations, no firm conclusion regarding the correlation can 
be drawn. Before motor development as an early indicator 
of ADHD can be implemented in the clinical work, more 
knowledge is required. Ideally, prospective studies, includ-
ing large study populations with clinically diagnosed chil-
dren, should be performed with the emphasis on subtypes 
of ADHD, gender and comorbidity.
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