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Abstract
The developmental condition of children after neonatal
arterial ischemic stroke (NAIS) is characterized by cognitive
and motor impairments. We hypothesized that independent
walking age would be a predictor of later global cognitive
functioning in this population. Sixty-one children with an
available independent walking age and full-scale intelli-
gence quotient (IQ) score 7 years after NAIS were included in
this study. Full-scale IQ was assessed using the fourth edition
of the Wechsler Intelligence Scale for Children (WISC-IV).
Independent walking age was negatively correlated with
full-scale IQ score at 7 years of age (Pearson correlation
coefficient of −0.27; 95% confidence interval from −0.48
to −0.01; p < 0.05). Early motor function is correlated with
later global cognitive functioning in children after NAIS.
Assessing and promoting early motor ability is essential in
this population. © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

With a birth prevalence of 1/3,000, neonatal arterial
ischemic stroke (NAIS) is the leading cause of unilateral
cerebral palsy [1]. Beyond motor function, the develop-
mental condition of children after NAIS is also charac-
terized by global cognitive impairments [2]. In our cohort of
100 infants with NAIS, 49% of children displayed impaired
oral language, 22% had low academic skills, and 8% had
global intellectual deficiency at 7 years of age [2].

An early motor function assessment is known to be able
to identify children with a developmental trajectory of
cerebral palsy [1]. The early identification of global cognitive
trajectories is more challenging. However, the ability to
identify early markers of global cognitive impairment is
paramount for the initiation of an early intervention and to
promote future activity and participation [3]. The inde-
pendent walking age is the most accessible evaluation of
early motor ability and is associated with the general de-
velopmental outcomes of both full-term and preterm
children [4, 5]. No studies to date have evaluated this
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association in children after NAIS. We hypothesized that
independent walking age would be a predictor of later global
cognitive functioning in children after NAIS.

Materials and Methods

One hundred term babies born in France between 2003 and
2006 and diagnosed with a NAIS were longitudinally followed
according to a predefined plan of investigations (AVCnn Study;
NCT02511249), as described [2]. Written parental consent was
obtained for each participant. The study was approved by the
Regional Ethics Committee. A full-scale intelligence quotient (IQ)
assessed with the fourth edition of the Wechsler Intelligence Scale
for Children (WISC-IV) was available for 70 children at 7 years of
age, as described [6]. Independent walking age was a mandatory
field in the database and was longitudinally recorded during
standardized follow-up at 1, 2, and 5 years of age. Neonatal features
and NAIS characteristics recorded prospectively included birth-
weight, sex, NAIS laterality, NAIS arterial territory, and NAIS
location, as described [6]. Birthweight z-scores were calculated
using the INTERGROWTH-21st International Newborn Size
at Birth Standards application version 1.3.5 (University of
Oxford, UK).

The correlation between independent walking age and full-scale
IQ was calculated using a Pearson correlation. TheMann-Whitney
test and the Fisher’s exact test were used to compare the neonatal
features and the IQ scores between included and non-included
children for continuous and categorical variables, respectively. A
sex difference between independent walking age and the full-scale
IQ score was assessed using the Mann-Whitney test.

All statistical tests were two-sided, with p < 0.05 considered
statistically significant. Statistical analyses were performed using
GraphPad Prism version 9.4.

Results

Of the 70 children with a full-scale IQ score at 7 years
of age, the independent walking age was not available in
nine, leaving a final study population of 61 children with
both a recorded independent walking age and full-scale
IQ score. The descriptive features of the included and
non-included children are displayed in Table 1.

Themedian age for independent walking was 14months,
with an interquartile range (IQR) of 4 months. All included

Table 1. Features of included and non-included children

Included children
(n = 61)

Non-included children
(n = 9)

p valuesa

Neonatal features
Birthweight z-score, median [IQR]b 0.3 [1.1] −0.25 [2.9] 0.96
Male sex, n (%) 36 (59) 7 (78) 0.47

NAIS laterality, n (%)
Left 40 (66) 4 (44)
Right 18 (30) 4 (44)
Bilateral 3 (5) 1 (11)

NAIS arterial territory, n (%)c

Middle cerebral artery 52 (85) 8 (89)
Anterior cerebral artery 7 (11) 0
Posterior cerebral artery 4 (7) 1 (11)

NAIS location, n (%)
Superficial 45 (73) 4 (44)
Deep 4 (7) 1 (11)
Both 12 (20) 4 (44)

Independent walking age, months [IQR] 14 [4] NA
Development at 7 years

Full-scale IQ score, median [IQR]d 99 [24] 75 [32] 0.19
Verbal comprehension index, median [IQR] 99 [23] 94 [25] 0.55
Perceptual reasoning index, median [IQR] 102 [25] 77 [25] 0.11
Working memory index, median [IQR] 91 [24] 79 [33] 0.36
Processing speed index, median [IQR] 100 [24] 76 [50] 0.28

IQ, intelligence quotient; IQR, interquartile range; n (%), number of patients (percentage); NA, non-available; NAIS, neonatal
arterial ischemic stroke. aMann-Whitney test or Fisher’s exact test. bAccording to the INTERGROWTH-21st International Newborn
Size at Birth Standards. cTwo included children had an NAIS involving two arterial territories. dFull-scale IQ score was calculated
using the four indices of the Wechsler Intelligence Scale for Children – Fourth Edition.
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children achieved independent walking by 25 months
of age. The median full-scale IQ score at 7 years of age
was 99 (IQR 24). There were no sex differences for
independent walking age (median 14 [IQR 3] months
vs. 14 [IQR 4] months for males and females, re-
spectively, p = 0.13) or full-scale IQ score (median 94
[IQR 24] vs. 104 [IQR 20] for males and females,
respectively, p = 0.09). The differences in IQ scores
between included and non-included children were not
statistically significant (shown in Table 1). A negative
correlation was observed between the independent
walking age and the full-scale IQ score, with a Pearson
correlation coefficient of −0.27 (95% confidence in-
terval −0.48 to −0.01; p < 0.05) (shown in Fig. 1).

Discussion

An early motor function assessment is correlated with
later global cognitive functioning in children 7 years after
NAIS. Our study is the first to demonstrate this corre-
lation in children after NAIS. This association between

early motor performance and later global cognition has
been previously observed in term children with typical
development [4], in preterm children [5], and in children
with genetic disabilities [7, 8]. The correlation is found
regardless of motor proxy: by global observation of the
baby (General Movement Assessment), by using vali-
dated composite scales based on infant motor patterns
(Brunet-Lézine and Bayley Scales), or by determining the
age of acquisition for a specific function (walking) [7].
Furthermore, manual tasks such as dexterity are also
correlated with global cognition, and the relationship
persists years later [9].

There are several possible explanations for these
findings. The first is that early sensorimotor experiences
will foster future interactions with the world, promote
learning and overall development, and eventually gen-
erate cognition [7]. Second, even though the stroke lesion
is focal by definition, NAIS leads to an extended disor-
ganization of the structural connectome in both lesioned
and contra-lesioned hemispheres [10]. We also assume
that the diverse constituents of human development
(i.e., sensorimotor, language, visuospatial) share common

Fig. 1. Independent walking age and full-
scale intelligence quotient at 7 years of age.
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mechanisms, explaining the high co-occurrence between
specific developmental impairments in children after
NAIS [2].

Considering this correlation between early motor
function and later global cognitive functioning, inde-
pendent walking age could be regarded as a modulator of
the developmental condition of children after NAIS. Age
of independent walking could also be a tool for identi-
fication of children who could benefit the most from an
early rehabilitation program [3].

A limitation of this study is that the independent
walking age data were unavailable for nine children out of
the 70 with a full-scale IQ score. Nevertheless, in com-
paring the population that was included and the non-
included children, there was no statistical difference in
either the neonatal features, NAIS characteristics, or the
IQ scores between them. Also, this cohort still represents
one of the biggest prospective cohorts of children with
NAIS at this age [11].

Early motor function is correlated with later global
cognitive functioning in children after NAIS. Assessing
and promoting early motor ability is essential in this
population.
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