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AIM To study the association between the Hammersmith Infant Neurological Examination
(HINE) at age 2 years and neurocognition at age 11 years in children born very preterm. We
hypothesized that the HINE at 2 years would be associated with neurocognition, that is,
neurological, motor, and cognitive outcomes at 11 years.

METHOD A total of 174 children (mean gestational age 29.0wks, SD 2.7; minimum 23.0,

ABBREVIATIONS

DCD Developmental coordination
disorder

HINE Hammersmith Infant

Neurological Examination

MABC-2  Movement Assessment Battery  for Children, Fourth Edition).
for Children, Second Edition

MND Minor neurological dysfunction

WISC-IV Wechsler Intelligence Scale for

Children, Fourth Edition

maximum 35.9; 95 [65%] males, 79 [45%] females) born very preterm (birthweight <1500g/
gestational age <32wks), were included in a prospective cohort recruited from 2001 to 2006 in
Turku, Finland. The HINE was performed at 2 years’ corrected age. Neurocognition at

11 years was assessed with the Touwen neurological examination, Movement Assessment
Battery for Children, Second Edition (MABC-2), and full-scale 1Q (Wechsler Intelligence Scale

RESULTS The HINE global score was associated with the results of the Touwen neurological
examination (odds ratio [OR]=0.9, 95% confidence interval [CI] 0.8-0.9, p=0.001), MABC-2
(f=1.4, 95% Cl 0.7-2.2, p<0.001), and full-scale 1Q ($=1.2, 95% CI 0.8-1.7, p<0.001), even when
adjusted. When children with cerebral palsy (CP) were excluded, the HINE was still
associated with full-scale 1Q (unadjusted f=1.2, 95% Cl 0.3-2.1, p=0.01).

INTERPRETATION A higher HINE global score at 2 years was associated with better general
intelligence at 11 years even in children without CP. The HINE may be a useful tool to detect
children at risk for later cognitive impairment.

The incidence of cerebral palsy (CP) in children born
preterm is decreasing"? whereas other neurodevelopmental
impairments, such as minor neurological dysfunction
(MND) and developmental coordination disorder (DCD),
are still prevalent in children born preterm compared to their
peers.”* Both MND and DCD commonly co-occur with
other developmental difficulties, such as problems with learn-
ing, behaviour, and attention;’’ this underlines the impor-
tance of recognizing these conditions even in the absence of
CP. A structured neurological examination of the newborn
has been shown to be an efficient tool to predict early neu-
rodevelopmental outcome.*” The Hammersmith Infant
Neurological Examination (HINE) is a simple and standard-
ized method for assessing children between 3 and 24 months
of age.'” It has a strong predictive validity for CP even before
5 months, particularly when combined with brain magnetic
resonance imaging (MRI).® Although CP can usually be
diagnosed by 2 years,*’ early developmental scales might
underestimate the rate of non-CP neurodevelopmental
impairments compared to later, more specific assessments."
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Children born very preterm are also at risk for different
levels of cognitive impairment.""''""*> Neurological assess-
ment at a term-equivalent age has been shown to associate
with cognitive development at 2 years in children born
preterm.'* To our knowledge, no studies have been con-
ducted on the association between the HINE in early
childhood and non-CP neurocognitive impairments at
middle-school age. Our aim was to study the association
between the HINE at 2 years’ corrected age and neu-
rocognition, that is, neurological, motor, and cognitive
outcomes at 11 years in children born very preterm. The
hypothesis was that the HINE at 2 years would be associ-
ated with neurocognition at 11 years. In addition, we
expected the neurological outcome at 11 years to associate
with the concurrent cognitive outcome.

METHOD

Participants

This prospective regional cohort study is part of the multi-
disciplinary PIPARI study (The Development and
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Functioning of Very Low Birth Weight Infants from
Infancy to School Age) of infants born very preterm.'” Par-
ticipants were born from January 2001 to December 2006
to Finnish- or Swedish-speaking families at Turku Univer-
sity Hospital, Finland. From 2001 to 2003, the inclusion
criteria were a birthweight equal to or less than
1500 grams and preterm birth (<37wks gestation). From
2004, the inclusion criteria were extended to all infants
born at less than 32 weeks of gestational age irrespective of
birthweight. Exclusion criteria were severe congenital
anomalies or diagnosed syndromes affecting development.
The flow chart showing participant selection is shown in
Figure S1 (online supporting information).

Ethical approval

The ethics review committee of the Hospital District of
South-West Finland approved the study protocol in 2000
and 2012. Written informed consent was provided by par-
ents and children.

HINE at 2 years’ corrected age

The structured neurological examination at 2 years’ cor-
rected age was performed by an experienced physician and
physiotherapists using the HINE.'® The sequential Ham-
mersmith Neonatal Neurological Examination was per-
formed in all children during the neonatal period, but the
HINE was not performed before 2 years unless there was
a high risk or clinical suspicion of CP. The HINE consists
of three sections: (1) neurological examination; (2) develop-
mental milestones; and (3) behaviour. The first section
includes 26 items that evaluate five subsections: cranial
nerve function; posture; movements; tone; and reflexes.
The second section includes eight items that describe
developmental milestones and the third section includes
three items that evaluate behaviour during assessment.
Each item of the first section is scored individually and
these item scores are summed up to calculate the subsec-
tion scores and then the global score (minimum 0, maxi-
mum 78). In this study, HINE scores were analysed as a
continuous variable. If there was a diagnosis of CP, it was
confirmed after a systematic clinical follow-up at 2 years’
corrected age by an experienced child neurologist. To clas-
sify the severity of CP, the Gross Motor Function Classifi-
cation System (GMFCS) was used.'®

Neurocognition at 11 years of age

Touwen Neurological Examination

The neurological outcome at 11 years was assessed with
the Touwen neurological examination.® It was performed
by one of three physicians except for the ophthalmological
part, which was performed by an ophthalmologist as part
of a comprehensive ophthalmological assessment. The
Touwen neurological examination includes eight domains:
posture and muscle tone; reflexes; fine manipulation; invol-
untary movements; associated movements; coordination
and balance; sensory function; and cranial nerve function.
All Touwen neurological examination tests were video
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What this paper adds

* A Hammersmith Infant Neurological Examination (HINE) global score at
2 years was associated with long-term neurocognitive function.

® Severe cognitive impairment was significantly more common in 11-year-old
children with complex minor neurological dysfunction compared to typically
developing children.

* The HINE performed at 2 years detects risks of cognitive impairment at
11 years in children born very preterm.

* A higher HINE score at 2 years was associated with better general intelli-
gence at 11 years.

recorded; in case of any uncertainty regarding the examina-
tions, the videos were reassessed together with an experi-
enced child neurologist. The examinations were classified
according to the classification criteria set out by Hadders-
Algra® using computerized scoring. The result was consid-
ered neurologically typical if the child had no abnormal
domains; if the child had one or two dysfunctional
domains, it was regarded as simple MND. For complex
MND, more than two domains had to be dysfunctional.
Children who had a result of neurologically typical or sim-
ple MND were classified as having a neurological condi-
tion within the typical range, unlike children with complex
MND. This classification was done to highlight the clini-
cally important features of complex MND.!”

Movement Assessment Battery for Children, Second
Edition

Motor development at 11 years was evaluated with the
Movement Assessment Battery for Children, Second Edition
(MABC-2)"®'? by the same physician who performed the
Touwen neurological examination. The MABC-2 includes
three subscales: manual dexterity; aiming and catching; and
balance. The raw scores of the subscales were converted into
total standard and centile scores according to the test manual
using age band 3 (11-16y) and the norms for 11-year-old
children. A total score greater than the fifth centile indicated
typical motor development. A score equal to or less than the
fifth centile, together with motor problems that interfered
with activities of daily living, denoted DCD.'” The Devel-
opmental Coordination Disorder Questionnaire 2007 was
used to assess how motor problems interfered with activities
of daily living. The results of the questionnaire have been
published elsewhere.”®

Wechsler Intelligence Scale for Children, Fourth Edition
Cognitive outcome at 11 years was assessed with the
Wechsler Intelligence Scale for Children, Fourth Edition
(WISC-IV), Finnish translation.’’*? The assessment was
performed in Finnish or Swedish according to the child’s
native language. Finnish assessments were performed by
one of two Finnish-speaking psychologists and the Swedish
assessments by a native-speaking Swedish psychologist.
General intelligence was measured with a full-scale IQ that
consisted of four indexes: verbal comprehension; perceptual
reasoning; working memory; and processing speed. Based
on the test manual,?’*? a full-scale IQ of less than 70
(<2SD) was classified as severe cognitive impairment.



Table 1: Characteristics of children born very preterm (birth weight <1500g or gestational age <32wks) compared to children born very preterm who

withdrew from the study

Characteristic Total study cohort (n=174) Children who withdrew (n=47) p
Gestational age mean (SD), (minimum, maximum), wks 29.0 (2.7) (23.0, 35.9) 29.2 (2.7) (23.7, 34.1) 0.6
Birth weight mean (SD), (minimum, maximum), g 1119.2 (314.4) (400.0, 2120.0) 1226.3 (375.1) (580.0, 1970.0) 0.05
Small for gestational age (<2SD), n (%) 58 (33) 10 (21) 0.1
Birth weight z-score, mean (SD), (minimum, maximum) —1.4 (1.5) (4.9, 3.4) 1.2 (1.3) (-3.9, 1.1) 0.3
Male, n (%) 95 (55) 30 (64) 0.3
Caesarean delivery, n (%) 106 (61) 28 (60) 0.9
Multiple birth, n (%) 58 (33) 9 (19) 0.06
Bronchopulmonary dysplasia, n (%) 24 (14) 6 (13) 0.9
Operated necrotizing enterocolitis, n (%) 7 out of 171 (4) 3 out of 46 (7) 0.4
Sepsis, n (%) 31(18) 6 (13) 0.4
Laser-treated retinopathy of prematurity, n (%) 5 out of 163 (3) 3 out of 44 (7) 0.4
Major brain pathologies on MRI at term age,® n (%) 45 out of 169 (27) 11 out of 46 (24) 0.7
Mother’s education >12y, n (%) 109 out of 172 (63) 20 out of 43 (47) 0.04
Father’s education >12y, n (%) 56 out of 170 (33) 12 out of 41 (29) 0.7

aThe specific MRI protocol and details about the classification of the findings have been described by Setinen et al.2° MRI, magnetic reso-

nance imaging.

Statistical analysis

Differences in continuous background characteristics (ges-
tational age and birthweight) between participating chil-
dren and children who withdrew from the study were
studied using an independent samples #-test (Table 1). For
the categorical background characteristics, a %* or Fisher’s
exact test was used, as appropriate. Differences in HINE
global score according to the 1l-year outcomes (typical
neurological outcome or complex MND, typical motor
development or DCD, and full-scale IQ>70 or full-scale
1Q<70) were studied using a Mann-Whitney U test
(Tables 2-4). Associations between the continuous HINE
global score and continuous outcome variables (MABC-2,
full-scale 1Q, and four indexes of the WISC-IV) were stud-
ied wusing linear regression analysis. The association
between the continuous HINE global score and categorical
outcome variable (typical neurological outcome or complex
MND) was studied using logistic regression analysis. The
association between the 11-year outcome (typical neurolog-
ical outcome or complex MND and continuous full-scale
1Q) was studied using linear regression. The analyses were
adjusted for sex, brain MRI findings at term, paternal edu-
cation, and birthweight z-score since these have previously
been found to be associated with cognition at 11 years in
children born very preterm in this cohort.'” Goodness of
fit was reported according to the Akaike information crite-
rion, where information criteria are in smaller-is-better
form (Table 5). Residuals were checked to justify the anal-
ysis. Possible multicollinearity was checked; a correlation
coefficient equal to or greater than 0.8 and/or tolerance
value less than 0.1 and/or Phi and Cramer’s V equal to or
greater than 0.8 was considered a sign of multicollinearity.
Statistical analysis was performed using SPSS v27.0 (IBM
Corp., Armonk, NY, USA). A two-tailed p<0.05 was con-
sidered statistically significant.

RESULTS
All 174 study children were examined with the HINE at
2 years’ corrected age. The characteristics of the study

children and children who withdrew from the study are
shown in Table 1. The median HINE global score was
74.1 (minimum 38.0, maximum 78.0). Nine (5%) children
were diagnosed with CP by 2 years’ corrected age. In chil-
dren with CP, the median HINE global score was 56.0
(minimum 38.0, maximum 74.0) and the median (mini-
mum, maximum) subsection scores were 15.00 (12.0, 15.0)
for cranial nerve function, 9.5 (7.5, 16.0) for posture, 19.5
(10.0, 24.0) for tone, 3.0 (0.0, 6.0) for movements, and 9.0
(4.5, 14.0) for reflexes. Of the children with CP, four were
classified in GMFCS level 1, three in GMFCS level II, and
two in GMFCS level IV. All children with CP were diag-
nosed by 2 years’ corrected age and the diagnosis was con-
firmed at 11 years in all cases.

Neurocognition at 11 years of age

Touwen neurological examination

Neurological outcome at 11 years was assessed in 166
(95%) children using the Touwen neurological examina-
tion. Of these children, 127 (77%) were within the typical
range, including 63 (38%) children with a neurologically
typical result and 64 (39%) children with simple MND. A
total of 31 (19%) children had a complex MND and eight

Table 2: HINE global score and subsection scores at 2 years’ corrected
age according to the outcome of the Touwen Neurological Examination at
11 years in children born very preterm without cerebral palsy

Children with

typical neurological
development (n=127)

Children with
complex MND (n=31) p

HINE global  74.5 (67.5, 78.0) 74.0 (66.0, 78.0) 0.3
score

Cranial nerve 15.0 (12.0, 15.0) 15.0 (12.5, 15.0) 0.8
function

Posture 17.0 (13.5, 18.0) 16.5 (14.0, 18.0) 0.002
Tone 24.0 (18.0, 24.0) 24.0 (20.0, 24.0) 0.3
Movements 6.0 (3.0, 6.0) 6.0 (5.0, 6.0) 0.6
Reflexes 14.0 (9.0, 15.0) 14.0 (11.0, 15.0) 0.3

Data are median (minimum, maximum). HINE, Hammersmith Infant
Neurological Examination; MND, minor neurological dysfunction.
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Table 3: HINE global score and subsection scores at 2 years’ corrected
age according to the outcome of the MABC-2 at 11 years in children with-
out cerebral palsy born very preterm

Children with

typical motor

development Children with

(n=140) DCD (n=18) p
HINE global score 745 (67.5,78.0) 74.3(66.0,76.5) 0.5
Cranial nerve function 15.0 (12.0, 15.0) 15.0 (13.0, 15.0) 0.3
Posture 17.0 (14.0, 18.0) 16.5 (13.5, 18.0) 0.06
Tone 24.0 (18.0, 24.0)  24.0 (20.0, 24.0) 0.7
Movements 6.0 (3.0, 6.0) 6.0 (5.0, 6.0) 0.2
Reflexes 14.0 (9.0, 15.0) 14.0 (11.0, 15.0) 0.7

Data are median (minimum, maximum). HINE, Hammersmith Infant
Neurological Examination; MABC-2, Movement Assessment Battery
for Children, Second Edition; DCD, developmental coordination dis-

order.

Table 4: HINE global score and subsection scores at 2 years’ corrected
age according to the outcome of the WISC-IV at 11 years (children with
cerebral palsy are included)

Children with Children with

full-scale 1Q>70  full-scale 1Q<70

(n=150) (n=15) p
HINE global score 74.5 (67.5, 78.0) 73.0 (66.0, 75.5)  0.02
Cranial nerve function 15.0 (12.0, 15.0) 15.0 (13.0, 15.0) 0.9
Posture 17.0 (13.5, 18.0)  16.0 (14.0, 18.0)  0.007
Tone 24.0 (18.0, 24.0)  23.0 (19.0, 24.0) 0.1
Movements 6.0 (3.0, 6.0) 6.0 (5.0, 6.0) 0.1
Reflexes 14.0 (9.0, 15.0) 14.0 (11.0, 15.0) 0.3

Data are median (minimum, maximum). HINE, Hammersmith Infant
Neurological Examination; WISC-IV, Wechsler Intelligence Scale for
Children, Fourth Edition.

(5%) had CP. All but one of the children with CP were
successfully examined.

A higher HINE global score at 2 years was associated
with a decreased risk for complex MND in the Touwen
neurological examination at 11 years when all study chil-
dren were included; this was confirmed when adjusted for
sex, brain MRI findings at term, paternal education, and
birthweight z-score (Table 5). When children with CP
were excluded, the association did not remain. Table 2
presents the median values of the HINE global score and

subsection scores at 2 years according to the Touwen neu-
rological examination at 11 years.

MABC-2

The motor outcome of the 166 (95%) children was
assessed with the MABC-2 at 11 years. Of these children,
140 (84%) had typical motor development, 18 (11%) had
DCD, and eight (5%) had CP. All but one of the children
with CP were successfully examined.

A higher HINE global score was associated with higher
centiles in the MABC-2 even when adjusted (Table 5).
When children with CP were excluded, the association did
not remain. The median values of the HINE scores at
2 years according to the MABC-2 outcome at 11 years are
shown in Table 3.

wisc-1v

The cognitive outcome of all 174 (100%) children was
assessed with the WISC-IV at 11 years. Of the 165 chil-
dren without CP, 150 (91%) had a full-scale IQ equal to
or greater than 70. Of the children with CP, four (44%)
had a full-scale IQ equal to or greater than 70. The mean
values of the full-scale IQ and four indexes at 11 years are
shown in Table 6. In addition, Table 6 shows the associa-
tions between the HINE global score at 2 years and full-
scale 1Q and four indexes at 11 years. The full-scale 1Q
improved by 1.2 points when the HINE global score
increased by one point (f=1.2, 95% confidence interval
[CI] 0.8-1.7, p<0.001). The scatter plot of the HINE glo-
bal score at 2 years and full-scale IQ at 11 years is shown
in Figure 1. The median values of the HINE global score
and subsection scores at 2 years according to the outcome
of the WISC-IV at 11 years are shown in Table 6.

At 11 years, typical neurological development was asso-
ciated with higher full-scale IQ (f=14.1, 95% CI 8.5-19.8,
p<0.001); this was also the case when adjusted and when
children with CP were excluded (=10.6, 95% CI 4.7—
16.4, p<0.001). Children with complex MND, compared to
children with typical neurological development, had lower
scores in full-scale 1Q (81.3 vs 91.9, p=0.001), perceptual
reasoning (86.1 vs 95.6, p=0.002), and working memory
(82.1 vs 96.2, p<0.001); however, the difference was not

Table 5: Associations between the HINE global score at 2 years’ corrected age and complex MND or centiles in the MABC-2 in all 11-year-old chil-

dren born very preterm and children without cerebral palsy

All study children

Children without CP

Outcome variable OR 95% ClI p AlC OR 95% CI p AlC
Complex MND
Unadjusted 0.8 0.8-0.9 0.001 69.4 (n=166) 1.1 0.9-1.2 0.4 64.3 (n=158)
Adjusted 0.8 0.7-0.9 0.001 140.7 (n=157) 1.1 0.9-1.3 0.4 131.5 (n=149)
MABC-2
Unadjusted 1.4 0.7-2.1 <0.001 1519.2 (n=166) 1.1 —0.3t0 2.6 0.1 1449.2 (n=158)
Adjusted 0.9 0.2-1.7 0.02 1426.4 (n=157) 0.5 —-0.8t0 1.9 0.4 1356.6 (n=149)

HINE, Hammersmith Infant Neurological Examination; MND, minor neurological dysfunction; MABC-2, Movement Assessment Battery for
Children, Second Edition; CP, cerebral palsy; OR, odds ratio; Cl, confidence interval; AIC, Akaike information criterion (smaller-is-better

form).
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Table 6: Mean values of full-scale 1Q and four indexes assessed with the WISC-IV at 11 years in children born very preterm and their association with

the HINE global score at 2 years’ corrected age

All study children

Children without CP

HINE global score at 2 years

All study children (n=174) Children without CP (n=165)

(n=174) (n=165) R B 95%Cl p R 95%Cl p
Full-scale 1Q 87.7 (17.6) (40.0, 131.0) 89.1 (16.2) (40.0, 131.0) 0.14 1.2 0.8-1.7 <0.001 0.04 1.2 0.3-2.1 0.01
Verbal comprehension 89.8 (14.9) (46.0, 122.0) 90.6 (14.1) (46.0, 122.0) 0.07 0.7 0.4-1.1 <0.001* 0.03 1.0 0.2-1.8 0.02
Perceptual reasoning 91.6 (17.3) (40.0, 122.0) 93.1 (15.8) (51.0, 122.0) 0.16 1.3 0.8-1.7 <0.001® 0.05 1.3 0.4-2.2 0.006
Working memory 92.2 (16.7) (46.0, 133.0) 93.1 (16.1) (46.0, 133.0) 0.04 0.6 0.2-1.1 0.008 0.01 05 -05to1.4 0.3
Processing speed 93.6 (17.6) (47.0, 153.0) 94.7 (16.7) (47.0, 153.0) 0.11 1.1 0.6-1.5 <0.001* 0.01 0.7 -0.3to1.7 0.2

Data are mean (SD) (minimum, maximum), unless otherwise stated. p<0.05 adjusted for sex, brain MRI findings at term, paternal educa-
tion, and birth weight z-score."?WISC-IV, Wechsler Intelligence Scale for Children, Fourth Edition; HINE, Hammersmith Infant Neurological
Examination; CP, cerebral palsy; Cl, confidence interval; MRI, magnetic resonance imaging.

statistically significant for verbal comprehension (88.5 vs
91.7, p=0.3) and processing speed (90.0 vs 96.3, p=0.006).
Severe cognitive impairment was more common in chil-
dren with complex MND compared to children with a
neurological outcome within the typical range at 11 years
(26% vs 3%, p<0.001).

DISCUSSION

This study showed that a structured neurological examina-
tion at 2 years’ corrected age was associated with cognitive
development at 11 years in a regional cohort of children
born very preterm from 2001 to 2006 in Turku, Finland.
To our knowledge, this is the first study to show an associ-
ation between the HINE at 2 years and general intelli-
gence at middle-school age. When the HINE global score
increased by 1 point, the subsequent full-scale IQ was
improved by 1.2 points. In addition, severe cognitive
impairment was significantly more common in 11-year-old
children with complex MND compared to children with
typical neurological development at 11 years.

a
o

N
o

HINE global score at 2 years

w
o

A higher HINE global score at 2 years was associated
with better general intelligence, verbal comprehension,
perceptual reasoning, and processing speed at 11 years
even when adjusted for sex, brain MRI findings at term,
paternal education, and birthweight z-score. Associations
with reasoning abilities, that is, verbal comprehension and
perceptual reasoning, were evident even when the children
with CP were excluded. A structured neurological exami-
nation at 2 years seems to tap aspects of cognitive develop-
ment even at 11 years. Our results are in line with the
findings by Romeo et al.,”** which showed that the
HINE at 3, 6, 9, and 12 months of corrected age provides
information about the cognitive outcome at 2 years of cor-
rected age in children born preterm with and without CP.

The association between complex MND and adverse
cognitive development is consistent with previous data.”!’
In our study, the prevalence of severe cognitive impairment
in 11-year-olds with complex MND was as high as 26%.
In contrast, the prevalence of severe cognitive impairment
in children with typical neurological development was 3%,

40 60 80

100 120 140

Full-scale 1Q at 11 years

Figure 1: Scatter plot of the Hammersmith Infant Neurological Examination (HINE) global score at 2 years’ corrected age and full-scale 1Q at 11 years

in children born very preterm (n=174). The vertical line represents a full-scale 1Q of 70.
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which is in line with a national register study that reported
a severe cognitive impairment prevalence rate of 2.5% in
7-year-olds born very preterm.'’ The high rate of severe
cognitive impairment underlines not only the clinical rele-
vance of complex MND but also the importance of its
early detection that launches the targeted support services.

A higher HINE score at 2 years was associated with bet-
ter neurological and motor outcomes at 11 years and was
statistically significant even when adjusted. These associa-
tions were not statistically significant when children with
CP were excluded. In this study and in line with clinical
experience, complex MND or DCD at 11 years in children
without CP could not be predicted based on a single
HINE assessment performed at 2 years. However, studies
have shown that the HINE is a reliable tool for the early
identification of CP® and correlates with neonatal brain
MRI findings.”> These results are supported by a recent
systematic review by Caesar et al.,”® which showed that
although the HINE has high sensitivity and specificity for
the prediction of severe motor impairments, it was not as
discriminative for mild-to-moderate motor impairments.
Thus, it is reasonable that the association between the
HINE and neurological and motor development was not
statistically ~significant when children with CP were
excluded.”’

In this study, we did not assess HINE scores at 2 years
according to the brain imaging findings at term age
because we previously reported that the negative predictive
value of normal findings or minor pathologies in brain
MRI for a HINE global score greater than 70 was 90.3%
and the positive predictive value of major pathologies for a
HINE global score equal to or less than 70 was 31.5%.%
According to Hadders-Algra, complex MND is likely to
associate with structural brain deficit and may be consid-
ered as a borderline form of CP.'” Despite the emergence
of more information regarding the possible alterations in
brain structure and function behind non-CP neurodevelop-
mental impairments,®?’ the connection is not as well
known as with CP and its brain pathology.

The HINE subscale score of posture was statistically
significantly lower in children with complex MND and
children with severe cognitive impairment compared to
children without these impairments. This is in line with
previous data showing that children at high risk for neu-
rodevelopmental impairments exhibit more challenges in
postural control compared to children with typical neu-
rodevelopment, who seem to have a better repertoire of
postural control mechanisms.*°

Compared to CP, the identification of infants at risk for
subsequent MND, DCD, or cognitive disability is chal-
lenging. A suboptimal outcome on neonatal neurological
examination and severe pathologies on neonatal brain MRI
increase the risk for cognitive delay at 2 years."**! Early
diagnosis of CP involves a combination of neuroimaging
and standardized neurological and motor assessments. In
this study, the HINE was performed primarily to evaluate
neurological condition at 2 years’ corrected age and
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confirm that all children with CP were diagnosed cor-
rectly. To evaluate cognition at 2 years, the Bayley Scales
of Infant Development, Second Edition, was conducted in
the study cohort as described by Munck et al.>* However,
the HINE together with a parental questionnaire, for
example, the Parent Report of Children’s Abilities-
Revised,’® could offer an alternative method to identify
children at risk for subsequent cognitive impairment in
clinical settings where comprehensive cognitive assessments
are not available.

The strength of our study is that it was a longitudinal
prospective cohort study. Retention rate was reasonably
high. The assessments of neurocognitive outcomes were
performed by trained specialists. All assessments were con-
ducted using the latest full versions instead of abbreviated
measures. Regarding the WISC-IV, up-to-date national
norms were used to classify severe cognitive impairment.
This study had some limitations. It was a single-centre
study with a relatively small subgroup of children with
adverse outcomes, which might limit the generalizability of
the findings. It was not possible to compare the results
with peers born at term in the absence of a control group.
Another potential limitation was that the MABC-2 was not
done repeatedly as suggested in the latest recommenda-
tions.” However, the most recent guidelines were published
after the data collection of this study. In addition, the
numbers of children with CP, complex MND, DCD, and
severe cognitive impairment were moderate, which might
limit the generalizability of the findings.

In conclusion, the HINE performed at 2 years helped to
detect the risk of cognitive impairment at 11 years in chil-
dren born very preterm even in the absence of CP. Inter-
estingly, the HINE, which is primarily used to assess
neurological status at an early age, was associated with
cognitive outcome at middle-school age, but not with neu-
rological and motor developmental outcomes in children
without CP. The clinical importance of this finding should
be explored in future studies. We emphasize the risk of
neurocognitive impairments even in the absence of CP and
the importance of their early recognition and initiation of
targeted support services in due time to optimize the
development of neurocognition.

ACKNOWLEDGEMENTS

We thank Mari Koivisto for statistical support. All phases of this
study were supported by grants from the Arvo and Lea Ylppo
Foundation, Emil Aaltonen Foundation, Finnish Medical Founda-
tion, Finska Likaresillskapet, Yrj6 Jahnsson Foundation, and the
Foundation for Paediatric Research.

DATA AVAILABILITY STATEMENT

Data available on request from the authors.

SUPPORTING INFORMATION

The following additional material may be found online:
Appendix S1: Study flow chart showing participant selection.
Figure S1: The PIPARI Study Group.



REFERENCES

1.

v

Pascal A, Govaert P, Oostra A, Naulaers G, Ortibus E,
Van den Broeck C. Neurodevelopmental outcome in
very preterm and very-low-birthweight infants born
over the past decade: a meta-analytic review. Dev Med

Child Neurol 2018; 60: 342-55.

. Sellier E, Platt MJ, Andersen GL, et al. Decreasing

prevalence in cerebral palsy: a multi-site European pop-
ulation-based study, 1980 to 2003. Dev Med Child Neu-
rol 2016; 58: 85-92.

. Arnaud C, Daubisse-Marliac L, White-Koning M,

et al. Prevalence and associated factors of minor neuro-
motor dysfunctions at age 5 years in prematurely born
children: the EPIPAGE study. Arch Pediatr Adolesc Med
2007; 161: 1053-61.

. Spittle AJ, Cameron K, Doyle LW, Cheong JL, Victo-

rian Infant Collaborative Study Group. Motor impair-
ment trends in extremely preterm children: 1991-2005.

Pediatrics 2018; 141: ¢20173410.

. Blank R, Barnett AL, Cairney J, et al. International

clinical practice recommendations on the definition,
diagnosis, assessment, intervention, and psychosocial
aspects of developmental coordination disorder. Dev

Med Child Neurol 2019; 61: 242-85.

. Hadders-Algra M. The Neurological Examination of

the Child with Minor Neurological Dysfunction. 3rd
edn. London: Mac Keith Press, 2010.

. Brostrom L, Vollmer B, Bolk J, Eklof E, Adén U.

Minor neurological dysfunction and associations with
motor function, general cognitive abilities, and beha-
viour in children born extremely preterm. Dev Med

Child Neurol 2018; 60: 826-32.

. Novak I, Morgan C, Adde L, et al. Early, accurate

diagnosis and early intervention in cerebral palsy:
advances in diagnosis and treatment. JAMA Pediatr

2017; 171: 897-907.

. Hadders-Algra M, Tacke U, Pietz J, Rupp A, Philippi

H. Reliability and predictive validity of the Standard-
ized Infant NeuroDevelopmental Assessment neurologi-

cal scale. Dev Med Child Neurol 2019; 61: 654-60.

. Haataja L, Mercuri E, Regev R, et al. Optimality score

for the neurologic examination of the infant at 12 and
18 months of age. 7 Pediatr 1999; 135: 153-61.
Brydges CR, Landes JK, Reid CL, Campbell C, French

N, Anderson M. Cognitive outcomes in children and

17.

20.

21.

22.

23.

adolescents born very preterm: a meta-analysis. Dev

Med Child Neurol 2018; 60: 452-68.

. Nyman A, Korhonen T, Munck P, Parkkola R, Lehto-

nen L, Haataja L. Factors affecting the cognitive profile
of 11-year-old children born very preterm. Pediatr Res
2017; 82: 324-32.

. Hirvonen M, Ojala R, Korhonen P, et al. Intellectual

disability in children aged less than seven years born
moderately and late preterm compared with very pre-
term and term-born children: a nationwide birth cohort
study. 7 Intellect Disabil Res 2017; 61: 1034-54.

Spittle AJ, Walsh JM, Potter C, et al. Neurobehaviour
at term-equivalent age and neurodevelopmental out-
comes at 2 years in infants born moderate-to-late pre-

term. Dev Med Child Neurol 2017; 59: 207-15.

. PIPARI. Development and functioning of very low

birth weight infants from infancy to school age [Inter-
net]. Turku, Finland: University of Turku. https://sites.
utu.fi/pipari/en/ (accessed 7 March 2021).

. Palisano R, Rosenbaum P, Walter S, Russell D, Wood

E, Galuppi B. Development and reliability of a system
to classify gross motor function in children with cere-
bral palsy. Dev Med Child Neurol 1997; 39: 214-23.

Hadders-Algra M. Two distinct forms of minor neuro-
logical dysfunction: perspectives emerging from a
review of data of the Groningen Perinatal Project. Dev

Med Child Neurol 2002; 44: 561-71.

. Henderson S, Sugden D. The movement assessment

battery for children. Phys Ther 1992; 23: 286-94.

. Henderson S, Sugden D, Barnett A. Movement Assess-

ment Battery for Children-2: Examiner’s Manual. Lon-
don: Harcourt Assessment, 2007.

Setinen S, Lehtonen L, Parkkola R, Matomiki J, Haa-
taja L. The motor profile of preterm infants at 11 y of
age. Pediatr Res 2016; 80: 389-94.

Wechsler D. Wechsler Intelligence Scale for Children-
IV. Handbook I. Administration and Scoring. Helsinki,
Finland: Jyviskyld Psykologien Kustannus, 2011.
Wechsler D. Wechsler Intelligence Scale for Children-
IV. Handbook II. Theoretical Background, Standard-
ization and Interpretation. Helsinki, Finland: Jyviskyli
Psykologien Kustannus, 2011.

Romeo DMM, Cioni M, Scoto M, Pizzardi A, Romeo

MG, Guzzetta A. Prognostic value of a scorable neuro-

24.

25.

26.

27.

28.

29.

logical examination from 3 to 12 months post-term age
in very preterm infants: a longitudinal study. Early Hum
Dev 2009; 85: 405-8.

Romeo DM, Cowan FM, Haataja L, et al. Hammer-
smith Infant Neurological Examination for infants born
preterm: predicting outcomes other than cerebral palsy.
Dev Med Child Neurol 2020. https://doi.org/10.1111/
dmen.14768 (Online ahead of print).

Haataja L, Mercuri E, Guzzetta A, et al. Neurologic
examination in  infants with  hypoxic-ischemic
encephalopathy at age 9 to 14 months: use of optimality
scores and correlation with magnetic resonance imaging
finding. 7 Pediatr 2001; 138: 332-7.

Caesar R, Colditz PB, Cioni G, Boyd RN. Clinical
tools used in young infants born very preterm to pre-
dict motor and cognitive delay (not cerebral palsy): a
systematic review. Dev Med Child Neurol 2021; 63:
387-95.

Colver A, Fairhurst C, Pharoah POD. Cerebral palsy.
Lancer 2014; 383: 1240-9.

Setinen S, Lahti K, Lehtonen L, et al. Neurological
examination combined with brain MRI or cranial US
improves prediction of neurological outcome in preterm
infants. Early Hum Dev 2014; 90: 851-6.

Dewey D, Thompson DK, Kelly CE, et al. Very pre-
term children at risk for developmental coordination
disorder have brain alterations in motor areas. Acta Pae-

diatr 2019; 108: 1649-60.

. Hadders-Algra M. Typical and atypical development of

reaching and postural control in infancy. Dev Med Child

Neurol 2013; 55(Suppl. 4): 5-8.

. Woodward LJ, Anderson PJ, Austin NC, Howard K,

Inder TE. Neonatal MRI to predict neurodevelopmen-
tal outcome in preterm infants. N Engl 7 Med 2006;
355: 685-94.

. Munck P, Niemi P, Lapinleimu H, Lehtonen L, Haa-

taja L. PIPARI Study Group. Stability of cognitive out-
come from 2 to 5 years of age in very low birth weight

children. Pediatrics 2012; 129: 503-8.

. Johnson S, Marlow N, Wolke D, et al. Validation of a

parent report measure of cognitive development in very
preterm infants. Dev Med Child Neurol 2004; 46:
389-97.

HINE and Long-Term Cognitive Outcome Karoliina Uusitalo et al. 1


https://sites.utu.fi/pipari/en/
https://sites.utu.fi/pipari/en/
https://doi.org/10.1111/dmcn.14768
https://doi.org/10.1111/dmcn.14768

