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Abstract

ADHD is a common neurodevelopmental disorder with onset of symptoms typically in early childhood. First signs of the
disorder, including language delay, motor delay and temperament characteristics, may be evident as early as infancy. The
present review describes published evidence about early motor signs of either children with later symptoms of ADHD or
a later diagnosis of the disorder. Nine published cohort studies were included after a systematic search of related terms in
PubMed and PsycInfo databases. Study eligibility criteria included: (1) report on early motor function or any motor-related
signs; (2) the presence of a participants’ assessment by/at 12 months of age; (3) report of a later presence of ADHD symp-
toms. The limited number of reports included suggests an association between mild early neurological markers and later
developmental coordination disorder and motor overflow movements. Unfortunately, due to their small sample sizes and
focus on group reports rather than individuals, they have limited power to find strong associations. Early motor indicators
of ADHD, if present, appear to be non-specific, and therefore not yet useful in clinical screening. Spontaneous motility
seems to be a promising measure for early ADHD detection, although further studies with large cohorts are recommended
to determine its clinical role in children at risk for ADHD.
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Introduction

ADHD is a common neurodevelopmental disorder with
symptoms typically emerging during early school years and
a worldwide prevalence estimated between 5 and 7% [1, 2].
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ADHD is characterized by a persistent pattern of inatten-
tion and/or hyperactivity—impulsivity which hinders adap-
tive functioning or compromises development [3]. To be
diagnosed with ADHD, symptoms of the disorder must be
observed in two or more settings and have negative effects
on fundamental aspects of the child’s daily activities. Co-
occurring psychiatric conditions are frequently observed,
including oppositional defiant disorder (ODD), conduct
disorder, anxiety disorders, depression, autism spectrum dis-
order (ASD) and learning disabilities [4—9]. Children with
ADHD also often face difficulties in everyday life, includ-
ing in their social relationships, academic performance and
achievements, and low self-esteem [10]. In addition, they
may experience deficits in visuospatial and verbal working
memory, vigilance, inhibitory control and planning, prob-
lems with coordination of gross and fine motor functions,
sequencing of movements [11], difficulties with working
memory and self-regulation of emotions, language and
speech deficits, arousal and activation and temporal infor-
mation processing and timing [11-17].

Investigating early motor signs during the first year
of life could be of high importance for the study of early
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biomarkers of common neurodevelopmental disorders,
such as ADHD and ASD, which may share neurobiological
underpinnings [18-21]. There is evidence that children with
ADHD have worse gross motor and fine motor skills than
their typically developing peers [22]. Two hypotheses on
the source of the motor disadvantages in individuals with
ADHD have been put forward. The first hypothesis attributes
these motor abnormalities to the core triad of ADHD symp-
toms: hyperactivity, impulsivity and inattention. Accord-
ing to this theory, inattention [22] and vigilance problems
[23] affect motor skill development. The second hypothesis
attributes the motor delays to a likely presence of a comorbid
disorder such as developmental coordination disorder (DCD)
or ASD [23, 24]. Overall, research indicates that attention
and impulse control are strongly predictive of gross and fine
motor skill development in children with ADHD [24].

The neurobiological basis for the primary theory is that
delays in brain maturation are associated with delays in
motor development and specific motor skills [25] in the
ADHD population. More specifically, motor control and
executive function rely on the integrity of the thalamus,
known to be affected in individuals with ADHD [26]. In
addition, cortical thickness structure abnormalities and
hypoactivation in the right globus pallidus, the right fron-
tal cerebellum and frontal region, reported to be present in
ADHD, are responsible, among other functions, for precise
motor control.

The second theory—of the comorbidity between ADHD
and DCD as the potential cause of motor delays—is also
supported by neurological findings. Although the comor-
bidity of ADHD and DCD is not often taken into account, a
high percentage of children with ADHD (30-50%) experi-
ences co-occurring DCD with a familial correlation of 0.38
[27-31]. Almost half of individuals with ADHD (34% out
of 63%) have been reported to show motor difficulties within
the DCD range, particularly in manual dexterity. These dif-
ficulties result in low self-esteem and reduced popularity
in children [29, 30]. At present, there is evidence that a
dopamine-induced imbalance of basal ganglia neuro cir-
cuits could also be involved in the underlying neurobiologi-
cal mechanisms [32, 33]. Thus, health care professionals
should be aware of the high prevalence of this co-occurring
motor condition.

Cerebellar abnormalities in children with DCD could also
explain postural control and balance problems. Children
with ADHD without co-occurring DCD have shown fine
motor fluency and flexibility, but when a co-occurring DCD
condition is present, fine motor difficulties are observed [34].
However, few studies have focused on brain region atypi-
calities in ADHD children with co-occurring DCD. McLeod
et al [35]. found that these children have increased func-
tional connectivity between the primary motor cortex and
brain regions involved in motor control, and claimed this is
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fundamental for their ability to organize and successfully
execute movement [36]. However, motor abnormalities in
ADHD cannot be attributed only to the co-occurence with
DCD, since children with ADHD without DCD do also have
motor difficulties, although these are less prominent [37].

Since ADHD symptoms usually emerge during the early
school years, both clinical and neurobiological research have
focused on school-aged children, adolescents and adults.
Interest in early signs of ADHD is, however, rapidly grow-
ing. Recent studies report initial evidence of some indicators
appearing prior to school-age, including difficult tempera-
ment, and language and motor delay [38, 39]. Still, a little is
known about whether early signs of ADHD can be reliably
observed during the first year of life. This may be partly
due to the relative immaturity of cognitive functions related
to sustained attention and focused activity during the first
months of life, and to the consequent difficulty in reliably
assessing them. Increasing evidence suggests that specific
motor behaviors observed during the first months of life may
be a marker of neurodevelopmental disorders, which show
clinical and genetic overlap with ADHD [40]. Some authors
suggest that increased activity in infancy could be consid-
ered an early sign of ADHD [38, 41-45]. However, other
researchers argue that the quality of movements in infancy
per se does not predict the disorder [46—48].

To shed light on early motor signs in ADHD and their
emergence, we systematically reviewed the publications
investigating motor behavior during the first year of life in
infants who later develop subclinical ADHD symptoms or
are diagnosed with the disorder.

Methods

A systematic literature search was performed in PubMed
and Psyclnfo databases including the following keywords:
(1) “ADHD” OR “Attention deficit hyperactivity disorder”
OR “Attention deficit-hyperactivity disorder”; (2) AND
“infant™” OR “infancy” OR “neonatal” OR “newborn” OR
“baby”; AND “movement*” OR “motor” OR “sensory-
motor” OR “sensori-motor” OR “motion”. A systematic
review of the references of the included papers was also
performed to ensure a thorough search. The first search was
performed in July 2016, and once more in January 2017,
which yielded one additional relevant article.

Study eligibility criteria included: (1) report on early
motor function or any motor-related signs; (2) the presence
of a participants’ assessment by/at 12 months of age; (3)
report of a later presence of ADHD symptoms. The first
selection was based on the study titles, as identified by one
of the authors (AA). Second, abstracts were independently
screened for eligibility by two authors (AA and OC). Two
authors (AA and OC) independently performed the data
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extraction and discussed their findings to reach a consen-
sus. Full texts of potentially relevant papers were read to
ascertain whether the study met all selection criteria.

The following data were extracted from the included arti-
cles: type of study (e.g., longitudinal, cross-sectional, or case
control, both retrospective and prospective), source popula-
tion (e.g., population-based or hospital referrals), partici-
pants’ age range, type and timing of early motor signs, type
and timing of ADHD diagnosis (based on the DSM-5) [3],
or ADHD-specific symptoms (based on interviews/question-
naires), and the study outcome assessment.

Quality ratings were conducted using a modified Meth-
odological Quality Checklist [49] developed for assessing
the methodological quality of both randomized and non-
randomized studies. Two of the authors (AA and OC) per-
formed the quality ratings independently, and when neces-
sary, reached a decision by consensus. Thirteen out of the
27 items of the scale were used in the present study, after
removing those that applied only to randomized trials and
intervention studies. This modified scale yielded a final rat-
ing from O to 14 points (see Table 1). The same approach
was previously used in a systematic review on ADHD [50].

Results

In total, 417 articles were identified via the database search
on both PubMed and Psyclnfo; 30 studies were selected
for review. Nine articles were included after complet-
ing the selection process (see flow diagram in Fig. 1). All
included publications were cohort studies. The findings of
all reviewed articles are reported in Table 2. Design and
outcome measures differed substantially among the studies,
which made a formal meta-analysis not feasible. The quality
ratings of the included studies ranged between 11 and 14 out
of 14 (see Table 1). Overall, the reports were of good quality.

Spontaneous movements during the first 3 months
of age

Three prospective studies [42—44] explored very early motor
signs of ADHD. They focused on the quality of spontane-
ous motility, as assessed by the General Movements (GMs)
approach with infants at risk for neurodevelopmental delays.
General movements are distinct spontaneous movement pat-
terns that infants exhibit without external stimulation [53].
Investigations of early motor indicators of ADHD through
the evaluation of GMs have included both healthy infants
and those with increased risk for neurodevelopmental
delays. Consistent with the GM method, the investigators
evaluated infants several times in the first months of life
and then followed up with standardized behavioral assess-
ments at school-age. One study [42] reported that infants

with definitely abnormal GMs including extremely reduced
complexity, variability and fluency were at significantly
increased risk to develop cerebral palsy. Furthermore, a sig-
nificant association was found between milder GM abnor-
malities and attention problems at 4-9-year follow-up (odds
ratio 6.88, 95% CI 1.39-33.97) assessed by the DSM-IV
ADHD questionnaire. In particular, unlike infants with nor-
mal fidgety movements at 3—4 months, children with mildly
abnormal GMs were significantly more distractible, inatten-
tive and hyperactive as assessed by the Groningen Perina-
tal Project Questionnaire (GPPQ) and the DSM-IV ADHD
Questionnaire for Attention-Deficit/Hyperactivity Disorder.
Another study [40] indicated that abnormal GMs at both
writhing and fidgety age were significantly associated with
the presence of ADHD only when it was co-occurrent with
another psychiatric diagnosis, but not when it was present in
isolation. Furthermore, abnormal GMs at fidgety age were
related to a higher total score on the DSM-IV ADHD ques-
tionnaire, and in particular, to higher subscores for hyperac-
tivity and impulsivity, and lower subscores for inattention.
Another report of GMs with preterm born infants, however,
showed no significant association between GMs and atten-
tion problems at 7-11 years, as assessed by a separate sub-
scale of the Child Behavior Checklist (CBCL) [55]. This
dissociation was even stronger when children with cerebral
palsy were excluded from the analysis [44].

Motor signs during the first year

Of the included reports, four were large longitudinal cohort
studies exploring early neurodevelopment in the general
population [38, 46, 48] or in families with lower socioeco-
nomic status [45]. Neurodevelopmental characteristics of
children with ADHD symptoms or an ADHD diagnosis were
compared to the same characteristics of control children.

A retrospective chart review study of 58 children diag-
nosed with ADHD at school-age and 58 controls that par-
ticipated in a population-based developmental program
at a ‘Well-Baby’ clinic evaluated longitudinal data from
birth, 1-, 3-, 9- and 18-month visits [38]. Higher incidence
of emergency caesarian sections, smaller head circumfer-
ence at 3 months and feeding or sleeping difficulties before
6 months were all identified as early signs significantly
correlated with ADHD. However, the only motor-related
early sign identified was a delay in gross motor develop-
ment, as assessed by the Denver Developmental Screening
Test (DDST) [54]. A delay in gross motor movements was
identified at 9 months of age in 34.5% of the ADHD group
compared to 13.8% of the controls. The most reported devia-
tion from typical gross motor development was the refusal
to maintain supine position, which led to difficulties in head
control, and thus, to general motor development difficulties.
The delay was reported to be relatively mild, and attributed
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Articles identified via database

searching,First search.

N=270 (PubMed) + 147 (Psycinfo)

Articles excluded based on title/abstract

Articles selected for abstract/full

review

N= 18 (PubMed) + 12 (Psycinfo)

Manual Inspection of

reference lists
n=3

Second search
n=1

Third search
n=0

>
review
n=258 (PubMed), 129 (PsycInfo)
Articles excluded based on abstract/full
review

S N=25

L

Reasons for exclusion:

* Not relevant for the research (n=19)

* Not fullfilling the inclusion criteria (n=4)
* Not published in English (n=2)

v
Studies included in the systematic
review
N=9

Fig. 1 Selection process

to physical characteristics including lax ligaments and hypo-
tonia. Importantly, some children in the ADHD group were
early achievers and some were late achievers, with both sub-
groups reported by the authors as showing “extreme” motor
behavior.

A prospective study exploring early development in
267 infants from families with lower socioeconomic sta-
tus [45] also included a smaller retrospective evaluation of
34 hyperactive children and 34 age-matched controls. The
presence of hyperactivity was determined at around 6 years
of age from subscores of the teacher-administered CBCL
[55]. Thirty-eight child behavior variables were obtained
during the first 2.5 years of life including neonatal behavio-
ral assessments, mother-administered Carey questionnaire
evaluating temperament, activity and attention, and other
ratings of activity at 3 and 6 months of age [56]. Children
who were hyperactive in kindergarten had been motorically
less mature at 7 days old as assessed by the motor maturity
Brazelton factor [57]. However, this was the only variable,
out of the 38, which differentiated hyperactive children from
typical children.

Another large study by Lemcke et al. [48] included
2034 children with a diagnosis of ADHD, who came from

a large population-based cohort from the Danish National
Birth Cohort (DNBC). As part of the DNBC, 76,286 moth-
ers were interviewed about their child’s development at 6
and 18 months. Children were followed up between 8 and
14 years of age, when they were assessed for the presence
of ADHD based on International Classification of Diseases,
10th Revision (ICD-10) criteria. The interview at 6 months
of age explored specific aspects of motor development, such
as the infant holding their head straight while being picked
up, sitting up while on an adult’s lap, rolling over from back
to stomach, crawling on the stomach. When comparing the
ADHD group with the total study cohort, the only significant
finding in the ADHD group was a higher number of infants
who could not sit up straight when put on lap at 6 months
(p<0.001).

Similarly, Jaspers et al. [46] studied early indicators of
ADHD (and ASD) in a population of 1816 subjects who
took part in a prospective cohort study among (pre-)ado-
lescents in the general population. Early indicators were
obtained by identifying correlations between routine data
from the community pediatric services during the first year
of life and ADHD-risk as measured by parent-administered
CBCL between 11 and 17 years old. Early motor indicators

@ Springer
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as assessed by the Van Wiechen scheme [58] explored the
scores of gross and fine motor skills and social behavior.
This study reports that good gross motor skills within the
first year were significantly correlated with the development
of ADHD problems.

Motor signs at 1 year

Two studies explored motor signs at 12 months of age. John-
son et al. [46] studied 16 children with ADHD (based on
DSM-IV criteria), and 120 control children. Both groups
were extracted from a focus study group within a larger
community-based cohort, the Avon Longitudinal Study of
Parents and Children (ALSPAC). As part of the ALSPAC
focus study group, 1240 infants at 1 year took part in a
video-recorded parent—infant interaction in a naturalistic
environment [59]. Software was used to track 8 body mark-
ers [(nose (N), right (RH) and left hand (LH), right (RE) and
left elbow (LE), right (RS) and left shoulder (LS) and pelvis
(P)]. Thirteen motion summaries were used to determine
robust indexes of motor activity including speed, accelera-
tion along with their variability, acceleration, periodicity
and agitation. Finally, 14 out of 104 variables were chosen
for further investigation, including the speed and variability
of 5 markers (N, RH, LH, LE, LS), the agitation of 3 (N,
LH, LE) and rhythmic movement of one marker (RH). No
significant association was found between the motion vari-
ables examined and the diagnosis of ADHD at 7 years. A
correlation between motor activity and scores on the inat-
tentiveness subscale of the ADHD diagnostic interview was
found in male participants, but considered questionable by
the authors due to the small size of the subsample (n=14).

Lastly, motor signs of extremely low birth weight and
very preterm infants were evaluated at 12 months with the
Neurosensory Motor Developmental Assessment (NSMDA)
and these scores were examined together with clinical and
psychometric measures of attention at 7-9 years of age [41].
At 12 months, NSMDA evaluated gross and fine motor func-
tion, motor patterns, neurological status, postural devel-
opment, and the reaction to sensory input. Measures of
attention in childhood included the Conner’s Rating Scale
Revised-Long Form (CRSR) and Du Paul ADHD Rating
Scale IV (ADHD-RS).

Discussion

ADHD is a neurodevelopmental disorder characterized by a
pattern of inattention and/or impulsivity and hyperactivity
across different contexts. Since early identification of ADHD
is essential to optimize the quality of life, there is growing
research interest in the investigation of early clinical and
behavioral features of children later diagnosed with ADHD.

To further investigate this topic, we reviewed the literature
summarizing the full spectrum of motor impairments which
might be potential early indicators of ADHD. In particu-
lar, we included studies which report motor skills of infants
during the first year of life who subsequently (1) received a
formal psychiatric diagnosis of ADHD based on DSM-IV
or the ICD-10, or (2) whose behaviors were related to high
levels of ADHD symptoms, as identified by questionnaires.

Diagnosis of ADHD and early motor signs

Four of nine studies presented included a formal diagnosis
of ADHD through a psychiatric assessment [36, 42, 47, 48].
The clinical diagnosis of ADHD was either based on the cri-
teria of the DSM-IV or the ICD-10. In these studies, children
with ADHD showed atypical motor development detectable
in the first 9 months [47], but not as late as 12 months, when
compared to typically developing infants.

The first detectable abnormalities of motor develop-
ment, GMs, in children later diagnosed with ADHD seem
to be associated more strongly with ADHD when it is co-
occurring with other psychiatric disorders than with ADHD
alone. This is consistent with previous reports suggesting
that ADHD with a co-occurring disorder is a probably more
severe form of ADHD [60, 61]. Indeed, although children
diagnosed with cerebral palsy were excluded from Hadders-
Algra’s [42] study, to avoid bias related to the known asso-
ciation between cerebral palsy and behavioral problems,
their study population was at high risk for neurodevelop-
mental problems [43]. Therefore, the relationship found in
this study between abnormal GMs and ADHD still suggests
that the vulnerability of periventricular white matter, typical
of preterm subjects and associated to abnormal GMs, may
contribute to the development of ADHD with co-occurring
conditions [62, 63]. In any case, the results of Hadders-Algra
[42] should be considered as preliminary, since its sample
size was insufficient to reach definite conclusions [43].

During the time of spontaneous motility (0—5 months)
and beyond, at least up to 9 months, a delay in gross motor
function was significantly more common in infants who later
developed ADHD. At 3 and 9 months, Gurevitz et al. [38]
reported a delay in gross motor development as assessed
by the Denver Developmental Screening Test, while at
6 months Lemcke et al. [48] found a significantly higher
number of infants who could not sit up straight when put on
lap in the ADHD group. Motor delay seems to be no longer
present at 12 months, according to the findings by Johnson
et al. [46], who found no significant association between
a series of motor variables at 12 months with the clinical
diagnosis of ADHD at 7 years of age. As the authors hypoth-
esized, their inconclusive outcome could be due to the small
sample size of the study.
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Auerbach et al. [64], examining 7-month-old infants at
risk of ADHD based on mother reports and observational
measures, found that children with later ADHD were signifi-
cantly different from the control group in respect of behav-
ioral states, interest and activity level.

Overall, these results support the hypothesis of a link
between mild neurological markers and developmental
coordination disorder, and motor overflow movements, all
of which are more common in children with ADHD [64].
Nevertheless, non-specific factors related to physical char-
acteristics, such as lax ligaments and hypotonia, are also
likely to have contributed to the described gross motor delay.

Symptoms of ADHD and early motor signs

Results are more inconsistent when it comes to the rela-
tionship between early motor signs and later subclinical
ADHD symptoms. Some reports state that early spontane-
ous motility is correlated with attention problems, including
less motoric maturity at 7 days of life in children who are
later hyperactive in kindergarten. Similarly, Jeyaseelan et al.
[41] found a correlation between decreased motor and sen-
sory assessment scale scores (NSMDA) and psychometric
measures of verbal attention span at 12 months. However,
Jaspers et al. [46] found that ADHD problems were signifi-
cantly correlated with good gross motor skills, as defined by
the authors, within the first year of life.

There are multiple possible reasons for these inconsistent
findings. The populations that were studied are extremely
heterogeneous and have different degrees of risk for ADHD,
from infants with clinical signs of early hyperactivity to
those who are born preterm or were small for gestational
age. The assessments used to test the presence and character-
istics of early motor signs were also heterogeneous, includ-
ing parental questionnaires, qualitative and quantitative
assessments of motor behavior, and early attentional meas-
ures. Finally, the diagnostic instruments that were used to
evaluate later presence of ADHD symptoms differed among
studies, making comparisons very challenging.

The limitation of our review is that the studies which are
included have small sample sizes and focus on group reports
rather than individuals, so they have limited power to find
strong associations. Although the studies are of high quality
according to the rating scheme, the outcome measures have
questionable accuracy (see Table 1).

Concluding remarks

In summary, there are a limited number of reports investigat-
ing gross motor function in the first year of life in children
who later have ADHD symptoms or are diagnosed with
ADHD. Early detection of ADHD-related motor abnormali-
ties would be important to provide a timely diagnosis, and

@ Springer

most importantly, early intervention, especially in case of
a very strong association between ADHD and early motor
signs. This would assist clinicians in the continuous develop-
ment and implementation of interventions at a very critical
period of child development, when the brain is rapidly devel-
oping and neuroplasticity is highest. Unfortunately, data
emerging from this review show that early motor signs, if
present, seem to be non-specific, and therefore not yet worth
implementing in clinical screening protocols. Some qualities
of spontaneous motility seem promising as an early detec-
tion tool for risk of ADHD, although further studies based
on the individual, with larger cohorts and more specific and
semi-quantitative scoring systems, are necessary to deter-
mine their clinical role in populations at risk for ADHD.
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