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conText: Early motor impairments have been reported in children with neurodevelopmental
disorders (NDD), but it is not clear if early detection of motor impairments can identify
children at risk for NDD or how early such impairments might be detected.

0BJECTIVE: To characterize early motor function in children later diagnosed with NDD relative to
typically developing children or normative data.

pATA souUrces: The Cumulative Index to Nursing and Allied Health Literature, Embase, Medline,
PsycINFO, and Scopus electronic databases were searched.

sTupyY SELECTION: Eligible studies were required to include an examination of motor function in
children (0-24 months) with later diagnosis of NDD by using standardized assessment tools.

DATA EXTRACTION: Data were extracted by 4 independent researchers. The quality of the studies
was assessed by using the Standard Quality Assessment Criteria for Evaluating Primary
Research Papers from a Variety of Fields checklist.

resuLts: Twenty-five studies were included in this review; in most of the studies, the authors
examined children with later autism spectrum disorder (ASD). Early motor impairments were
detected in children later diagnosed with ASD. The meta-analysis results indicated that
differences in fine, gross, and generalized motor functions between the later ASD and typically
developing groups increased with age. Motor function across different NDD groups was found
to be mixed.

LimiTATIONS: Results may not be applicable to children with different types of NDD not reported
in this review.

concLusions: Early motor impairments are evident in children later diagnosed with ASD. More
research is needed to ascertain the clinical utility of motor impairment detection as an early
transdiagnostic marker of NDD risk.
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Neurodevelopmental disorders (NDD)
result from a deviation in the
development of the brain early in
life." According to the International
Classification of Diseases, 11th
Revision (ICD-11),> NDD include
intellectual disability, language or
speech disorder, autism spectrum
disorder (ASD), learning disorder,
developmental coordination disorder
(DCD), attention-deficit/hyperactivity
disorder (ADHD), and
neurodevelopmental syndrome due
to prenatal alcohol exposure (a
condition also classified under fetal
alcohol syndrome in the ICD-11 and
grouped elsewhere under the
umbrella term of fetal alcohol
spectrum disorder [FASD]).?
Although these disorders have
different etiologies (ie, FASD is clearly
linked to alcohol exposure in utero,
whereas the origins of the other
disorders are less clear), they have
substantial comorbidity and
overlapping symptoms. For example,
individuals with NDD experience
significant impairments in an array of
neurodevelopmental domains,
including cognition, social, and motor
functioning. These impairments can
have a profound and lifelong impact on
health outcomes and quality of life.>®

Early identification of children with
NDD facilitates the delivery of
support to prevent or minimize later
functional impairments.” In several
studies,® researchers have discussed
the benefits of early intervention (ie,
from birth) to capitalize on
heightened neuroplasticity and
potentially alter developmental
outcomes for children at risk.'®*?
However, many children miss the
opportunity for any early
intervention because a formal
diagnosis is not obtained until they
reach school age.'®> ! This is partly
because NDD diagnosis is frequently
contingent on evidence of clinically
significant behaviors that typically
appear at an older age.’®!” There is
a need to identify early markers of
NDD risk that can be used to support
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referral for preemptive intervention
(ie, intervention administered before
the full clinical presentation of

a disorder).

One early behavioral marker that may
serve to identify those who are likely
to be later diagnosed with NDD is
motor impairment. Although
impaired motor development has
been investigated primarily and
extensively in preterm infants and
those at risk for cerebral palsy,'®*°
there is evidence to indicate that
early motor impairments may
represent a transdiagnostic marker of
neurodevelopmental vulnerability.
For example, in a recent review,
authors reported a high occurrence of
abnormal general movements (ie,
spontaneous movements present in
the first few months of life) in infants
later diagnosed with ASD.?° In
another study, it was found that 70%
(21 of 30) of children who
demonstrated motor delays before 2
years of age fulfilled the diagnostic
criteria for NDD at follow-up
(between 9 and 98 months).*! These
studies suggest that early motor
impairments may prove useful in
detecting children at risk for NDD
beyond those disorders in which
motor dysfunction is a core symptom.

The transdiagnostic or cross-
syndrome approach to NDD is
focused on the identification of
shared characteristics and
mechanisms across NDD and
interventions that are pertinent
across disorders.'® Although evidence
of motor impairments among school-
aged children with different NDD is
reported elsewhere,?*?* there has
been no synthesis of early motor
function across studies of children
later diagnosed with different NDD
between the ages of 0 and 24 months.
Accordingly, our aim for this
systematic review was to synthesize
studies describing early motor
function of children (0-24 months)
later diagnosed with NDD by using

a transdiagnostic approach. We
sought to include studies of children
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later diagnosed with intellectual
disability, language or speech
disorder, ASD, learning disorder, DCD,
ADHD, and FASD. FASD is an umbrella
term that encompasses
neurodevelopmental syndrome due
to prenatal alcohol exposure (ICD-11)
and is used in this review because of
current and historical inconsistencies
in diagnostic terms for NDD associated
with prenatal alcohol exposure.

METHODS

In this systematic review, we follow
the Preferred Reporting Items for
Systematic Reviews and Meta-
Analyses guidelines,** and the study
protocol was registered with
PROSPERO (registration number:
CRD42019131708).

Eligibility Criteria

Articles were included in the
systematic review if (1) the cohort of
interest was children with NDD, as
identified in the ICD-11%; (2) they
included a comparator group,
including typically developing (TD)
children or normative data; (3)
children were tested for motor
function between 0 and 24 months of
age; (4) motor functions were
assessed by using standardized
assessments; and (5) they were
published in English peer-reviewed
journals. Articles were excluded if
the cohort included children at risk
for NDD without a later formal
diagnosis.

Information Sources

The article search was performed
systematically in the Cumulative
Index to Nursing and Allied Health
Literature, Embase, Medline,
PsycINFO, and Scopus electronic
databases. A combination of key
terms, as well as free-text words, was
included in the systematic search:
“infant,” “toddler,” “intellectual
developmental disorder,”
“developmental speech sound
disorder,” “autism spectrum disorder;”
“developmental learning disorder,”
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“developmental coordination
disorder,” “attention deficit
hyperactivity disorder,” “stereotyped
movement disorder,” “fetal alcohol
spectrum disorder;” “sensory
integration disorder,” “motor
impairment,” and “motor delay””
Search results were dated from the
earliest record to the first week of
June 2019. Reference lists from
relevant articles were hand searched
for eligible studies. The Medline
search strategy is displayed in

Supplemental Table 3.

Study Selection

One reviewer (Y.H.L.) screened all the
search results, and 3 independent
reviewers (M.L., A.F.-], and ].D.) each
screened one-third of the search
results by applying the eligibility
criteria on the title and abstract of
identified articles and then
conducting a full-text screening.
Disagreements were resolved through
discussion to achieve a final
consensus on included articles.

Data Extraction and Quality
Assessment

Four reviewers (Y.H.L, M.L, ].D., and
AF.-].) independently extracted data
from the eligible studies using
standardized forms. Data included
country of study, study design,
participant characteristics, motor
function assessment tool, outcome
measure, results, and quality
appraisal of the study. The
methodologic quality of the studies
was assessed by using the Standard
Quality Assessment Criteria for
Evaluating Primary Research Papers
from a Variety of Fields checklist?®
(Supplemental Table 4). Study quality
was classified on the basis of the
calculated score percentages®®:
strong (>80%), good (70%-80%),
adequate (50%-69%), or limited
(<50%). Studies rated as limited
quality were excluded from analysis.

Data Synthesis and Analysis

Narrative synthesis was used to
synthesize data across all studies.
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Motor functions were categorized on
the basis of the domains of the
outcome measures: fine motor, gross
motor, generalized motor, and general
movement functions. Generalized
motor function was derived from
outcome measures that provided
composite scores for fine and gross
motor functions. In addition, a meta-
analysis was used to synthesize data
from studies involving children with
later ASD because both mean and SD
values of motor function outcomes
were reported in most of those
studies, whereas they were not
reported in studies involving other
children with later NDD. Data used in
the meta-analysis were analyzed by
age group (0-6, 7-12, 13-18, and
19-24 months). When SD values were
not available, they were estimated
from available confidence interval
(CI) data, SEs, or other methods
recommended by the Cochrane
Collaboration.?” Data represented in
figures and graphical representations
were extracted by using the
WebPlotDigitizer software.”*
Standardized mean difference and
95% CI values for each motor
outcome were calculated and
presented in forest plots by using the
Review Manager software version
5.3.28 Random-effects models were
used to calculate the pooled estimates
and their CI. Statistical significance
was assumed when the P value was
<.05. The I value was used to
interpret the degree of
heterogeneity.?” The magnitude of the
effect size, the standardized mean
difference, was interpreted as
follows: small, 0.20 to <0.50;
medium, 0.50 to <0.80; and large,
=0.80.>°

RESULTS

Study Selection

In the search, we identified 7689
studies from across 5 databases. After
eligibility screening, 25 studies were
included in the systematic review,
and 13 of these were included in the
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meta-analysis (Fig 1). In total, 1028
children had later NDD, and 74 861
were TD children. In 2 of the included
studies, normative data were used as
a comparator.

Study Characteristics

The main characteristics of the
included studies are summarized in
Table 1. Participants ranged between
0 and 24 months old at the time of
motor function assessment. Later
diagnoses of NDD included ADHD (2
studies), ASD (21 studies), DCD (1
study), FASD (2 studies), and
pervasive developmental disorder not
otherwise specified (PDD-NOS) (1
study). The motor function
assessment tools used included the
Ages and Stages Questionnaire,
Second Edition° (ASQ-2), Bayley
Scales of Infant Development, Second
Edition®! (BSID-II), Bayley Short
Form Research Edition®* (BSFR),
Denver Developmental Screening
Test®>® (DDST), General Movements
Assessment®* (GMA), Griffiths Mental
Developmental Scales-Extended
Revised®® (GMDS-ER), Kyoto Scale of
Psychological Development®® (KSPD),
Mullen Scales of Early Learning®’
(MSEL), Peabody Developmental
Motor Scales, Second Edition*®
(PDMS-2), and Vineland Adaptive
Behavior Scales, Second Edition3°
(VABS-II). Of these, the MSEL was the
most frequently used motor function
assessment tool.

In Table 2, we describe the motor
outcomes reported in each study
across the 4 age ranges. In one
study,*® both the MSEL and VABS-II
were used to assess fine and gross
motor functions; data from both
motor assessment tools were
displayed in forest plots, but only
data from the MSEL were used in the
calculation of the effect size.

Methodologic Quality of Included
Studies

Classification of the quality of the
included studies revealed that 12
studies were of strong quality, 4 were
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FIGURE 1

Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of the included
studies. GINAHL, Cumulative Index to Nursing and Allied Health Literature.

of good quality, and 9 were of
adequate quality (Supplemental Table
5). Three studies identified as being
of limited quality were excluded from
analysis.

Early Motor Function at 0 to 6
Months

Fine Motor

Fine motor function of children with
later ASD was examined in 8 studies
by using the DDST, MSEL, and PDMS-

2. In 5 studies,**™*° the authors
reported no difference in fine motor

4

function between the later ASD and
TD groups (mean age: 6 months). In
contrast, the authors of 3
studies***%*” found that children
with later ASD (mean age: 6
months) demonstrated poorer fine
motor function in relation to TD
children.

A meta-analysis of 6 studies involving
children with later ASD and TD
children revealed an overall small
effect size of 0.40 (95% CI —0.57 to
—0.23; P < .001) (Fig 24A), indicating
poorer fine motor function in the
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later ASD group. There was evidence
of insignificant heterogeneity of the
effect size (I* = 0%).

Gross Motor

Gross motor function of children with
later ADHD and ASD was examined in
7 studies by using the DDST, KSPD,
MSEL, and PDMS-2. In 4
studies,**>**+*%47 the authors reported
no difference in gross motor function
between the later ASD and TD groups
(mean age: 6 months). In contrast, the
authors of 3 studies***®*° reported
that children with later ADHD and
ASD (ADHD, 1 study; ASD, 2 studies;
age range: 3-6 months) showed
poorer gross motor function
compared with TD children.

A meta-analysis of 5 studies involving
children with later ASD and TD
children revealed an overall small
effect size of 0.24 (95% CI —0.46 to
—0.03; P = .03) (Fig 2B), indicating
poorer gross motor function in the
later ASD group. There was evidence
of insignificant heterogeneity of the
effect size (I* = 20%).

Generalized Motor Function

Generalized motor function of
children with later ASD and FASD was
examined in 2 studies by using the
BSID-II and VABS-II. In both
studies,“'50 the authors reported that
children with later ASD and FASD
(ASD, 1 study; FASD, 1 study; mean
age: 6 months) showed poorer
generalized motor function when
compared with TD group. A meta-
analysis was not performed because
of the availability of only one study in
which generalized motor function in
children with later ASD was reported.

General Movements

General movements of children with
later ADHD, ASD, DCD, and PDD-NOS
was examined in 3 studies by using
the GMA. In one prospective study,”*
the authors assessed GMA in 5
children with 3 different NDD (ADHD,
n=1; DCD, n = 3; PDD-NOS, n = 1)
and 23 TD children (age range: 3-5
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TABLE 2 Summary of the Domains of Motor Function Examined in the Included Studies
Study

Generalized
Motor Function

Fine Motor Gross Motor General Movements

0-6 mo
Choi et al*'
Estes et al*?
Gurevitz et al*®
Iverson et al*®
Kihara and Nakamura*
Landa and Garrett-Mayer®®
LeBarton and Landa**
Libertus et al*’
0zonoff et al*®
Phagava et al®
Sowell et al*
Yuge et al®’
Zappella et a
13—18 mo
Choi et al*!
Gurevitz et al*®
Kihara and Nakamura*®
Landa and Garr‘et‘t-Mayer45
Landa et al®
Leonard et al*®
gien et al®
Ozonoff et a
Young et al**
7-12 mo
Choi et al*!
Davies et al®’
Estes et al*?
Gurevitz et a
Jeans et al®®
Leonard et a
Leonard et al*®
0zonoff et al*®
Sowell et al*
St John et al®®
Young et al**
19-24 mo
Choi et al*'
Emerson et al®
Estes et al*?
Jeans et al®®
Landa and Garrett-Mayer*
Landa et al*®
LeBarton and Iverson®
Leonard et al*’
Lioyd et al®®
0zonoff et al*®
0zonoff et al®’
St John et al®
Young et al**

|55

61
|

4
| 8

4
| 0

> > > > > x| > >
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> > > < X X = > x| < < x<
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X
X
X

X
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X

Total number of outcomes assessed: fine motor = 37; gross motor = 24; generalized motor function = 7; general movements = 3. X, specified domain of motor function examined in the

study; —, not applicable.

months) and found that the general
movement optimality scores of
children with later-diagnosed ADHD,
DCD, and PDD-NOS were in the
normal range of those of TD children.
It is important to note that the

12

findings by Yuge et al°! are limited by
a small sample size and included
insufficient quantitative data to
compare general movement function
between different groups with later-
diagnosed NDD and the TD group. In
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contrast, the authors of one
retrospective study®? compared the
general movement optimality scores
between 20 children with later ASD
(age range: 1-3 months) and 20 TD
children and found that those with

LIM et al



A NDD Control Standardized Mean Difference Standardized Mean Difference

Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% CI IV, Random, 95% CI

Choi 2018 (MSEL) 786 1.2 30 813 1.27 69 -0.21 (-0.64 to 0.22) —

Estes 2015 (MSEL) 478 8M N 502 99 93 —-0.25 (-0.65 to 0.16) r——r—

Iverson 2019 (MSEL) 459 91 68 501 79 188 —-0.51 (-0.79 to —0.23) —a—

Landa 2006 {MSEL) 4592 11.92 24 4985 1083 52 —0.35 (-0.83 t0 0.14) I

LeBarton 2019 (PDMS-2) 31.058 7.1 20 3324 593 a1 —0.35 (-0.87 to 0.18) —

Liberus 2014 (MSEL) 4418 99 22 5123 881 22 —0.74 (-1.35t0 -0.13)

Total (95% CI) 195 480 —-0.40 (-0.57 to -0.23) ‘

Heterogeneity: t° = 0.00; y2=3.11,df =5 (P=68), P =0% !2 il 1% 5

Testforoverall eflect; 2:=:4.59 (F=.00001) Poorer Function (NDD) Poorer Function (Control)
B NDD Control Standardized Mean Difference Standardized Mean Difference

Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% CI IV, Random, 95% CI

Estes 2015 (MSEL) 437 835 31 508 1485 93 -0.52 (-0.93 to -0.11) —_—

Iverson 2019 (MSEL) 466 98 69 49 88 188 —0.26 (-0.54 t0 0.01) ——

Landa 2006 (MSEL) 51.23 743 24 4931 1033 52 —0.20 (-0.29 t0 0.68) ——

LeBarton 2019 (PDMS-2) 27.8 666 20 29.25 393 51 —0.30 (-0.82 t0 0.22) —_—

Libertus 2014 (MSEL) 4886 883 22 5095 10.41 22 —-0.21 (-0.81 t0 0.38) —_—

Total (95% CI) 166 411 —0.24 (-0.46 to —0.03) <

Heterogeneity: t° = 0.01; ,2= 5.02, df =4 (P = .29); = 20% 2 1 ) 1 i

Test for overall effect; Z =222 (P =.03)

FIGURE 2

Poorer Function (NDD)

Poorer Function (Control)

A and B, Forest plots of the comparison of fine motor function (A) and gross motor function (B) in children (0—6 months) with later diagnoses of ASD
versus controls. The motor function assessment used is indicated next to each study. df, degree of freedom; IV, inverse variance.

later ASD demonstrated lower
optimality scores, indicating poorer
general movement function. The
authors of another retrospective
study®® found that 87.5% (7 of 8) of
children with later ASD showed
abnormal general movements within
the first 6 months of life. A meta-
analysis of the studies involving
children with later ASD was not
possible because SDs could not be
obtained.

Early Motor Function at 7 to 12
Months

Fine Motor

Fine motor function of children with
later ADHD and ASD was examined in
8 studies by using the DDST, MSEL,
and VABS-IL In 2 studies,*®* the
authors reported no difference in fine
motor function between the later
ADHD and ASD groups (ADHD, 1
study; ASD, 1 study; age range: 9-12
months) and the TD group. In
contrast, the authors of 5
studies***24555 found that children
with later ASD (age range: 7-12
months) demonstrated poorer fine
motor function in relation to TD
children. Statistical difference

PEDIATRICS Volume 147, number 2, February 2021

between the later ASD and TD groups
was not reported in one study.>®

A meta-analysis of 6 studies involving
children with later ASD and TD
children revealed an overall moderate
effect size of 0.79 (95% CI —1.06 to
—0.52; P < .001) (Fig 34), indicating
poorer fine motor function in the
later ASD group. There was evidence
of moderate heterogeneity of the
effect size (I* = 44%).

Gross Motor

Gross motor function of children with
later ADHD, ASD, and FASD was
examined in 6 studies by using the
DDST, GMDS-ER, MSEL, and VABS-II.
In one study,®’ the authors reported
no difference in gross motor function
between the later FASD (age range:
7-12 months) and TD groups. In
contrast, the authors of 5
studies***285357 found that
children with later ADHD, ASD, and
FASD (ADHD, 1 study; ASD, 3 studies;
FASD, 1 study; age range: 7-12
months) demonstrated poorer gross
motor function in relation to TD
children.

A meta-analysis of 3 studies involving
children with later ASD and TD
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children revealed an overall moderate
effect size of 0.56 (95% CI —0.84 to
—0.29; P < .001) (Fig 3B), indicating
poorer gross motor function in the
later ASD group. There was evidence
of insignificant heterogeneity of the
effect size (I* = 0%).

Generalized Motor Function

Generalized motor function of
children with later ASD and FASD was
examined in 3 studies by using the
BSID-II, BSFR, and VABS-II. In one
study,”® the authors reported no
difference in generalized motor
function between the later ASD (mean
age: 9 months) and TD groups. In
contrast, the authors of 2 studies**>°
found that children with later ASD
and FASD (ASD, 1 study; FASD, 1
study; mean age: 12 months)
demonstrated poorer generalized
motor function in relation to TD
children.

A meta-analysis of 3 studies involving
children with later ASD and TD
children revealed an overall
nonsignificant effect size of 0.50
(95% CI —1.25 to 0.24; P = .18) (Fig
3(), indicating comparable
generalized motor function between



NDD Control Standardized Mean Difference Standardized Mean Difference
A Study or Subgroup Mean SD Total Mean SD Total 1V, Random, 95% CI IV, Random, 95% CI
Choi 2018 (MSEL) 165 208 30 1727 18 69 -0.40 (-0.84 t0 0.03) —
Estes 2015 (MSEL) 539 947 31 596 B93 98 -0.74 (-1.16 to -0.33) —_—
Leonard 2014 (MSEL) 4981 11.08 17 57.79 949 50 -0.80 (-1.36 to -0.23) S —
Leonard 2014 (VABS-II) 1353 213 17 1553 256 50 Not estimable
Leonard 2015 (MSEL) 4981 11.08 17 57.79 949 48 -0.79 (-1.37 t0 -0.22) - —
StJohn 2016 (MSEL) 54.35 9 23 6002 823 50 -0.66(-1.17to-0.16) —_—
Young 2011 (MSEL) 1333 176 24 1534 1.3 75 -1.40(-1.90 to -0.89) S a—
Total (95% Cl) 142 390 -0.79 (-1.06 to -0.52) -
Heterogeneity 12 = 0.05; 2 = 8.93, df = 5 (P = .11); P = 44% 2 1 3 } 2
Test for overall effect. Z = 5.74 (P < .00001) Poorer Function (NDD) Poorer Function (Control)
NDD Control Standardized Mean Difference Standardized Mean Difference
B Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% CI IV, Random, 95% CI
Estes 2015 (MSEL) 427 1225 31 504 1188 98 -0.64 (-1.0510-0.23) ——
Leonard 2014 (MSEL) 46.06 1258 17 5017 898 50 -0.41(-0.96100.15) . —
Leonard 2014 (VABS-Il) 1282 347 17 146 262 50 Not estimable
StJohn 2016 (MSEL) 4478 1318 23 5202 1218 50 -0.57 (-1.08 t0-0.07) ——
Total (95% C1) 71 198 —0.56 (-0.84 to —0.29) -
Heterogeneity: t2 = 0.00; ¥® = 0.44, df = 2 (P = .80); = 0% 2 , 0 1 2

Testfor overall effect. Z = 3.99 (P < .0001)

Poorer Function (NDD) Poorer Function (Control)

NDD Control Standardized Mean Difference Standardized Mean Difference
C Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% CI IV, Random, 95% ClI
Estes 2015 (VABS-II) 941 1058 31 1033 99 98  -0.91(-1.33, t0 -0.49) —&—
Jeans 2013 (BSFR) 5481 11.04 100 56.14 896 7700 —0.15 (=0.35 to 0.05) -
Total (95% Cl) 131 7798  —0.50 (-1.251t0 0.24) —eai—
Heterogeneity: 2 = 0.26; 2 = 10.35, df = 1 (P = .001); /> = 90% 2 1 5 1 2

Testfor overall effect Z = 1.33 (P=0.18)

FIGURE 3

Poorer Function (NDD) Poorer Function (Control)

A-C, Forest plots of the comparison of fine motor function (A), gross motor function (B), and generalized motor function (C) in children (7—12 months)
with later diagnoses of ASD versus controls. The motor function assessment used is indicated next to each study. df, degree of freedom; IV, inverse

variance.

the later ASD and TD groups. There
was evidence of considerable
heterogeneity of the effect size (I* =
90%).

Early Motor Function at 13 to 18
Months

Fine Motor

Fine motor function of children with
later ASD was examined in 8 studies
by using the ASQ, DDST, MSEL, and
VABS-IL In 2 studies,*®°* the authors
reported no difference in fine motor
function between the later ASD and
TD groups (mean age: 18 months). In
contrast, the authors of 5
studies**41435960 found that
children with later ASD (age range:
14-18 months) demonstrated poorer
fine motor function in relation to TD
children. Statistical difference
between the later ASD and TD groups
was not reported in one study.®*

14

A meta-analysis of 6 studies involving
children with later ASD and TD
children revealed an overall moderate
effect size of 0.72 (95% CI —0.95 to
—0.50; P < .001) (Fig 4A), indicating
poorer fine motor function in the
later ASD group. There was evidence
of substantial heterogeneity of the
effect size (I* = 62%).

Gross Motor

Gross motor function of children with
later ADHD and ASD was examined in
5 studies by using the ASQ, DDST,
KSPD, MSEL, and VABS-II. In one
study,*® the authors reported no
difference in gross motor function
between the later ASD and TD groups
(mean age: 14 months). In contrast,
the authors of 4 studies*3*84960
found that children with later

ADHD and ASD (ADHD, 1 study;
ASD, 3 studies; age range: 14-18
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months) demonstrated poorer gross
motor function in relation to TD
children.

A meta-analysis of 3 studies involving
children with later ASD and TD
children revealed an overall large
effect size of 1.11 (95% CI —1.98 to
—0.24; P = .01) (Fig 4B), indicating
poorer gross motor function in the
later ASD group. There was evidence
of considerable heterogeneity of the
effect size (I* = 96%).

Early Motor Function at 19 to 24
Months

Fine Motor

Fine motor function of children with
later ASD was examined in 12 studies
by using the MSEL and VABS-II. In 3
studies,**>*59 the authors reported
no difference in fine motor function
between the later ASD and TD groups

LIM et al



NDD Control Standardized Mean Difference Standardized Mean Difference

A Study or Subgroup Mean SD Total Mean SD  Total 1V, Random, 95% CI 1V, Random, 95% CI

Choi 2018 (MSEL) 2036 166 30 2096 1.54 B9 —-0.38 (-0.81 t0 0.05) I

Landa 2006 (MSEL) 5042 10.21 24 5738 735 52 -0.83 (-1.33 to -0.32)

Leonard 2014 (MSEL) 5118 12.%1 17 61.28 923 50 -0.97 (-1.55 to -0.40) ——

Leonard 2014 (VABS-II) 1571 3.06 17 1526 263 50 Not estimable

@ien 2018 (boys) (ASQ) 876 1.78 183 939 1.27 33163  —0.49 (-0.64 t0 -0.35) -

@ien 2018 (girls) (ASQ) 828 234 33 928 137 32231 —0.73 (-1.07 to -0.39) —

Ozonoff 2015 (MSEL) 443 865 38 528 1354 293 —-0.65 (-0.99 to —-0.31) —_—

Young 2011 (MSEL) 1658 1,62 24 1957 227 75 -0.39 (-1.89t0 -0.89) ——

Total (95% CI) 349 65933 -0.72 (-0.95 to -0.50) S

Heterogeneity: 12 = 0.05; 3 = 15.62, df = 6 (P = .02); = 62% 1 g 5 1 3

Test for overall effect Z = 6.39 (P < .00001)

NDD

B study or subgroup Mean  SD Total

Poorer Function (NDD) Poorer Function (Control)

Standardized Mean

Landa 2006 (MSEL)
Leonard 2014 (MSEL) 4553 18.44 17
Leonard 2014 (VABS-II) 1388 29
Dien 2018 (boys) (ASQ) 883 229 183
@ien 2018 (girls) (ASQ) 636 385 33

4746 12.36 24

Total (95% Cl) 257

Heterogeneity t° = 0.74; y% = 76.02, df = 3 (P < .00001); P = 62%

Testfor overall effect Z = 2.49 (P = .01)

FIGURE 4

Control Difference Standardized Mean Difference
Mean SD  Total |V, Random, 95% ClI IV, Random, 95% CI
58 10.48 52 -0.94 (-1.45 to -0.43) —
57.79 049 50 -0.98 (-1.56 to —-0.41) —_—
17 1526 263 50 Not estimable
949 149 33163 -0.44 (-0.59 to —0.30) -
946 149 32231 207 (-242t0-1.73) — *
65496 —1.11 (—1.98 t0 —0.24) e —
-2 -1 0 i

Poorer Function (NDD) Poorer Function (Control)

A and B, Forest plots of the comparison of fine motor function (A) and gross motor function (B) in children (13—18 months) with later diagnoses of ASD
versus control. The motor function assessment used is indicated next to each study. df, degree of freedom; IV, inverse variance.

(mean age: 24 months). In contrast,
the authors of 6 studies*! 3556263
found that children with later ASD
(mean age: 24 months) demonstrated
poorer fine motor function in relation
to TD children or normative data.
Statistical differences between the
later ASD and TD groups were not
reported in 3 studjes.*>01:6%

A meta-analysis of 7 studies involving
children with later ASD and TD
children revealed an overall large
effect size of 1.14 (95% CI —1.48 to
—0.81; P < .001) (Fig 5A), indicating
poorer fine motor function in the
later ASD group. There was evidence
of substantial heterogeneity of the
effect size (I* = 71%).

Gross Motor

Gross motor function of children with
later ASD was examined in 6 studies
by using the MSEL and VABS-IIL In 5
studies,*?*3556263 the authors found
that children with later ASD (mean
age: 24 months) demonstrated
poorer gross motor function in
relation to TD children or normative
data. Statistical difference between

PEDIATRICS Volume 147, number 2, February 2021

the later ASD and TD groups was not
reported in one study.®*

A meta-analysis of 4 studies involving
children with later ASD and TD
children revealed an overall large
effect size of 1.47 (95% CI —1.74 to
—1.21; P < .001) (Fig 5B), indicating
poorer gross motor function in the
later ASD group. There was evidence
of insignificant heterogeneity of the
effect size (I* = 0%).

Generalized Motor Function

Generalized motor function of
children with later ASD was examined
in 2 studies by using the BSFR and
VABS-II. In both studies,**°® the
authors reported that children with
later ASD demonstrated poorer
generalized motor function in relation
to TD children.

A meta-analysis of 2 studies involving
children with later ASD and TD
children revealed an overall large
effect size of 1.33 (95% CI —1.69 to
—0.96; P < .001) (Fig 5C), indicating
poorer generalized motor function in
the later ASD group. There was
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evidence of substantial heterogeneity
of the effect size (I* = 61%).

DISCUSSION

Our aim for this systematic review
was to synthesize evidence of early
motor functioning in children later
diagnosed with NDD. Although the
included studies documented early
motor impairments among children
later diagnosed with ADHD, ASD,
DCD, FASD, and PDD-NOS, 84% (21 of
25) of the included studies in this
review involved young children with
later ASD. This limits our capacity to
make inferences about the
transdiagnostic nature of early motor
impairments as an early marker of
NDD risk. Accordingly, we focus the
discussion on the findings of children
with later ASD. Additional
longitudinal studies with early motor
assessments that are linked to later
developmental functioning and
diagnostic outcomes are essential to
enable comparisons of early motor
difficulties across different NDD
groups.



NDD Control Standardized MeanDifference Standardized Mean Difference

A Study or Subgroup Mean SD Total Mean SD Total IV, Random, 85% CI 1V, Random, 95% ClI

Choi 2018 (MSEL) 2412 242 30 2556 259 69 —0.56 (—1.00 to—0.13) s

Estes 2015 (MSEL) 399 947 31 546 9.9 98 —1.49 (-1.94 10 -1.05) -

Landa 2006 (MSEL) 36,71 1423 24 5258 1107 52 -1.29 (-1.821t0-0.77) - =
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Leonard 2014 (VABS-1I) 1613 2.3 17 1632 238 S0 Not estimable

Ozonoff 2015 (MSEL) 394 818 38 51 1223 283 —0.98(-1.32t0-0.63) —
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Young 2011 (MSEL) 2057 238 24 2563 2862 75 -1.96(-249t0-1.42)—
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Heterogeneity: =2 = 0.15; 42 = 21.02, df =6 (P = .002); P =71% 2 1 5 1 2
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NDD Control Standardized Mean Difference Standardized Mean Difference
B Study or Subgroup Mean SD Total Mean SD Total 1V, Random, 95% CI 1V, Random, 95% CI
Estes 2015 (MSEL) 384 891 kil 52 891 98 -1.52(-1.96 to -1.07) ——
Landa 2006 (MSEL) 36,21 9.3 24 5194 11.02 52 -1.48(-2.0210-0.94) —_—
Leonard 2014 (MSEL) 44 131 17 5989 808 50 -164(-226t0-1.02) ————
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Heterogeneity. ©* = 0.04; 2 =255, df =1 (P=.11); F = 61% 2 1 B 1 2
Testfor overall effect: Z =7.17 (P < .00001) Poorer Function (NDD) Poorer Function (Control)
FIGURE 5

A-C, Forest plots of the comparison of fine motor function (A), gross motor function (B), and generalized motor function (C) in children (19—24 months)
with later diagnoses of ASD versus controls. The motor function assessment used is indicated next to each study. df, degree of freedom; IV, inverse

variance.

Consistent with previous findings of
motor impairments in individuals
with NDD,**7%% we found that
children with later ASD exhibited
early impairments in fine, gross, and
generalized motor functions. Our
meta-analysis indicated that children
with later ASD showed increasingly
poorer motor function, compared

with TD children, with increasing age.

During early infancy (0-6 months),
those with later ASD displayed
small differences in fine and gross
motor functions relative to TD
children. By 19 to 24 months,
large effect sizes were found
across fine, gross, and generalized
motor functions. These findings
suggest that motor impairments
can be detected in children from
as early as 6 months, and thus
these early motor impairments
could be useful to identify

16

children at risk for ASD. However,
the predictive validity of early
motor impairment should not

be used alone and should be
considered together with other
markers of neurodevelopmental
vulnerability, such as deviations in
early speech and language
development.®®

An important consideration in
developing strategies for the early
identification of at-risk children is the
selection of appropriate standardized
motor function assessment tools for
children between 0 and 24 months. In
the present review, we identified 10
different types of standardized
assessments that were used to
measure motor function. The use of
a variety of assessment tools to
measure motor function is not
uncommon. Spittle et al’® found that
across the 9 assessment tools used to
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measure motor development in
preterm infants, all were appropriate
for use, but each tool had a different
purpose (ie, discriminative,
predictive, or evaluative purposes). In
the studies included in the current
review, the MSEL was most
frequently used. This is

a practitioner-administered
assessment that can be used on
children from birth to 68 months.”*
Although the MSEL has been reported
to have high interrater reliability
(range: 0.91-0.99) and good
construct and criterion validity in

a normative population,’? there is
limited information regarding its
sensitivity and specificity. More
research on the psychometrics of
the MSEL is needed to determine

its appropriateness as a gold
standard assessment tool for the
measurement of motor function in

LIM et al



at-risk children between 0 and 24
months.

Only 3 of the 4 motor domains
examined in the present review
revealed early motor impairments in
at-risk children. A large proportion of
fine, gross, and generalized motor
functions in young children with later
ASD were found to be different from
that of TD children; however, there
were mixed findings in the general
movement function. It is uncertain
how the general movement function
can provide meaningful information
to detect motor impairments in at-
risk children because only 3 included
studies in the present review used the
GMA to evaluate the general
movement function. However,
previous work has found support for
the notion that GMA is

a transdiagnostic measure of
neurodevelopmental vulnerability.
For example, among preterm infants,
abnormal writhing general
movements are associated later
cognitive vulnerability.”* Further
research on the utility of the general
movement function in the detection
of early motor impairments in
children later diagnosed with NDD is
warranted.

In addition to the meta-analysis only
comprising studies of children later
diagnosed with ASD, this review has
several limitations. First, a strict
selection criterion was used to
include studies in which motor
function was only examined in
children with later-diagnosed NDD.
This led to many studies being
excluded, for example, studies in
which motor function was examined
in at-risk children with no later
diagnosis. In future work, researchers
may wish to consider the association
between early motor development
and dimensional measures of later
functioning, for example, cognitive
development, or other
transdiagnostic markers of
neurodevelopmental vulnerability,
such as dysregulated irritability.
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Second, the current study contained
only data from children with a later
diagnosis of ADHD, ASD, DCD, FASD,
and PDD-NOS; therefore, results may
not be applicable to children with
other types of NDD. Third, a wide
range of heterogeneity was found in
the meta-analyses; effect sizes with
substantial and considerable
heterogeneity should be interpreted
with caution.

There is scope for research to further
understand how early detection of
motor impairments in children can be
used as an early marker of ASD risk.
In addition, the understanding of
early motor impairment as

a transdiagnostic marker of later NDD
is currently limited by a paucity of
studies on motor function in children
later diagnosed with intellectual
disability, language and speech
disorder, ADHD, DCD, and FASD.
Further studies in which motor
function is examined in children
across a wide range of NDD can be
used to develop a comprehensive
transdiagnostic profile of motor
function in NDD. Given the
heterogeneity in the clinical
presentation of children with NDD, it
is likely that motor profiles will be
similarly heterogenous; however,
transdiagnostic comparisons

provide a basis for understanding
latent classes of functioning that
have important clinical
implications.74 In future work,
researchers should also aim to
determine best practice screening
strategies for the early detection of
motor impairments in children at risk
for ASD and other NDD. This includes
identifying appropriate assessment
tools, standardized cutoffs for the
classification of motor impairment,
the recommended age for assessment,
screening procedures, and cost.”®

CONCLUSIONS

With the present systematic review,
we provide evidence of early motor

Downloaded from http://publications.aap.org/pediatrics/article-pdf/147/2/e2020011270/1082329/peds_2020011270.pdf

impairments in young children later
diagnosed with ASD. With this review,
we also provide mixed evidence of
shared features of motor impairments
across different types of NDD. Further
work is needed to understand the
clinical utility of motor impairment
detection as a transdiagnostic early
marker of NDD risk.

ABBREVIATIONS

ADHD: attention-deficit/hyperac-
tivity disorder
ASD: autism spectrum disorder
ASQ-2: Ages and Stages Question-
naire, Second Edition
BSID-II: Bayley Scales of Infant
Development, Second
Edition
BSFR: Bayley Short Form Research
Edition
CI: confidence interval
DCD: developmental coordination
disorder
DDST: Denver Developmental
Screening Test
FASD: fetal alcohol spectrum
disorder
GMA: General Movements
Assessment
GMDS-ER: Griffiths Mental Devel-
opmental Scales-Ex-
tended Revised
ICD-11: International Classification
of Diseases, 11th Revision
KSPD: Kyoto Scale of Psychological
Development
MSEL: Mullen Scales of Early
Learning
NDD: neurodevelopmental
disorders
PDD-NOS: pervasive developmen-
tal disorder not other-
wise specified
PDMS-2: Peabody Developmental
Motor Scales, Second
Edition
TD: typically developing
VABS-II: Vineland Adaptive Be-
havior Scales, Second
Edition
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