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Aim: This study investigated minor impairments in neurological, sensorimotor, 
and neuropsychological functioning in extremely preterm-born (EPT) children 
compared to term-born children. The aim was to explore the most a�ected 
domains and to visualize their co-occurrences in relationship maps.

Methods: A prospective cohort of 56 EPT children (35 boys) and 37 term-
born controls (19 boys) were assessed at a median age of 6 years 7 months 
with Touwen Neurological Examination, Movement Assessment Battery for 
Children, 2nd edition (MABC-2), Sensory Integration and Praxis Test (SIPT), 
and a Developmental Neuropsychological Assessment, 2nd edition (NEPSY-II). 
Altogether 20 test domains were used to illustrate the frequency of impaired 
test performances with a bar chart pro�le and to construct relationship maps 
of co-occurring impairments.

Results: The EPT children were more likely to perform inferiorly compared 
to the term-born controls across all assessments, with a wider variance and 
more co-occurring impairments. When aggregating all impaired test domains, 
45% of the EPT children had more impaired domains than any term-born child 
(more than �ve domains, p�<�0.001). Relationship maps showed that minor 
neurological dysfunction (MND), NEPSY-II design copying, and SIPT �nger 
identi�cation constituted the most prominent relationship of co-occurring 
impairments in both groups. However, it was ten times more likely in the EPT 
group. Another relationship of co-occurring MND, impairment in NEPSY-II 
design copying, and NEPSY-II imitation of hand positions was present in the 
EPT group only.

Interpretation: Multiple minor impairments accumulate among EPT children 
at six years, suggesting that EPT children and their families may need support 
and timely multi-professional interventions throughout infancy and childhood.
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Introduction

Studies of preterm-born children suggest a wide range of 
minor impairments indicating delays or performance di�culties in 
neurological (Broström et� al., 2018; Tommiska et� al., 2020), 
sensorimotor (De Kieviet et� al., 2009; Williams et� al., 2010; 
Broström et�al., 2018; Spittle et�al., 2018; Bolk et�al., 2018a; Niutanen 
et�al., 2020), cognitive (Allotey et�al., 2018; Twilhaar et�al., 2018), 
neuropsychological functions (Marlow et�al., 2007; Geldof et�al., 
2012; Koivisto et�al., 2015; Allotey et�al., 2018; O�Reilly et�al., 2020), 
and behavior (Farooqi et�al., 2007; Allotey et�al., 2018; Broström 
et� al., 2018). Compared to term-born children, preterm-born 
children score lower in global cognitive tests (Twilhaar et�al., 2018), 
executive (Allotey et�al., 2018; Brydges et�al., 2018), visual�spatial 
(Geldof et�al., 2012; O�Reilly et�al., 2020), and motor functions (De 
Kieviet et�al., 2009; Bolk et�al., 2018a). Motor impairments have 
been documented in the quality of gross-and �ne-motor 
coordination and balance (Hadders-Algra, 2010; Broström et�al., 
2018) and the quantity of manual dexterity, speed, and balance (De 
Kieviet et�al., 2009; Van Hus et�al., 2014; Spittle et�al., 2018; Bolk 
et�al., 2018a). Moreover, visual-motor and sensorimotor integration 
impairments are common in preterm children (Luoma et�al., 1998; 
Marlow et�al., 2007; Goyen et�al., 2011; Geldof et�al., 2012; Lönnberg 
et� al., 2018; Bolk et� al., 2018b; Niutanen et� al., 2020). Motor 
impairments frequently co-occur with minor neurological 
(Hadders-Algra, 2010; Van Hus et�al., 2014; Broström et�al., 2018), 
cognitive, learning, and behavioral impairments (Van Hus et�al., 
2014; Allotey et�al., 2018). �e impairments tend to become more 
evident toward school age (De Kieviet et�al., 2009; Geldof et�al., 
2012; Broström et� al., 2018; Niutanen et� al., 2020) and persist 
(Poole et�al., 2015) or increase over time (De Kieviet et�al., 2009; 
Allotey et�al., 2018; Spittle et�al., 2018; O�Reilly et�al., 2020; Doyle 
et� al., 2021), and complicate daily activities, learning, and 
participation (Bolk et�al., 2018a; Doyle et�al., 2021).

According to the literature, the severity of impairments in 
preterm-born children increases with decreasing gestational age 
and birth weight (Larroque et� al., 2008; Blencowe et� al., 2013; 
Serenius et�al., 2016). Studies indicate that 17�30% of EPT children 
exhibit an overall mild cognitive impairment (Larroque et�al., 2008; 
Johnson et� al., 2009; Serenius et� al., 2016), 30�52% show mild 

motor impairments (Goyen et� al., 2011; Bolk et� al., 2018a; 
Tommiska et�al., 2020), and 39�66% have special educational needs. 
(Saigal et�al., 2003; Johnson et�al., 2009, 2016; Tommiska et�al., 2020).

Few studies on EPT children provide knowledge on multiple 
co-occurring minor impairments, including motor per   formance. 
It has been suggested that one-third of four-year-old EPT children 
exhibit more than one neurodevelopmental impairment in motor, 
cognitive, language, and behavioral domains (Woodward et�al., 
2009). When comparing EPT children with and without motor 
impairments, those with motor impairments have more o�en 
co-occurring social, behavioral, and attentional impairments 
(Bolk et� al., 2018a) and minor neurological dysfunctions 
(Broström et� al., 2018). Motor, perceptual-motor, and visual�
spatial impairments have further been associated with additional 
co-occurring cognitive impairments (Marlow et� al., 2007). 
However, it is unknown to what extent the impairments are related 
or vary in extremely preterm children.

We have previously reported in our EPT cohort a positive 
relationship between newborn neurobehavioral characteristics of 
visual �xation with sustained alertness contributing to better 
visual-motor performance at 2 years (Stjerna et� al., 2015) and 
better sensorimotor function at 6 years of age (Aho et�al., 2021). 
We�have also shown these EPT children to perform worse than 
their term-born peers in visual-motor, somatosensory, and motor 
planning functions at early school age (Lönnberg et�al., 2018). 
Furthermore, we�have reported on the importance of maternal 
sensitivity and supportiveness to positive neurocognitive 
development in our cohort of EPT children (Rahkonen et�al., 
2014). In the present study of the same cohort, we� aimed to 
investigate neurodevelopmental outcomes at 6 years of age, 
focusing on minor neurological, sensorimotor, and 
neuropsychological impairments by comparing EPT children with 
term-born controls. We�further aimed to identify the most a�ected 
domains and their co-occurrences by employing relationship 
maps to better visualize the extent and relations of the 
impairments. We�hypothesized that multiple neurodevelopmental 
impairments would be�more common in EPT children than in the 
term-born controls.

Materials and methods

Participants

�e current study included 56 EPT (<28 weeks of gestation) 
and 37 term-born control children, originally recruited for a large 

Abbreviations: EPT, Extremely preterm-born; MND, Minor neurological 

dysfunction; MABC-2, Movement Assessment Battery for Children � Second 

Edition.; NEPSY-II, A Developmental Neuropsychological Assessment � Second 

Edition.; SIPT, Sensory Integration and Praxis Test..
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prospective multimethodological study and followed up since 
birth (Kekeke-study�Extremely Preterm Birth and Development 
of the Central Nervous System, see Figure� 1, Flow chart of 
participation). �e EPT infants were born between May 2006 and 
September 2008 and treated a�er birth at the neonatal intensive 
care unit of the Helsinki University Hospital in Finland. Six of the 
infants died during the neonatal period. Children with cerebral 
palsy, intelligence quotient below 70, blindness or deafness, 
chromosomal abnormality, mutism, and families with no Finnish 
language skills were excluded. A control group of healthy full-term 
infants, born between September 2006 and June 2009, was 
recruited at birth at the maternity wards of the Helsinki and 
Uusimaa Hospital District, Finland (n = 22) and six years of age by 
advertising at nursery schools in the Helsinki area and a parents� 
association for prematurely born babies (n = 17). Inclusion criteria 
were gestational age from 37 to 42 weeks, birth weight >2,500 g, 
and no need for monitoring or treatment at the children�s ward 
a�er birth.

�e Ethics Committee for gynecology and obstetrics, 
pediatrics, and psychiatry of the Hospital District of Helsinki and 

Uusimaa approved the study protocol. Participant children and 
their parents signed informed consent in accordance with the 
Declaration of Helsinki.

Clinical data

Demographic data (Table� 1) were gathered from parental 
questionnaires and hospital records. �e data encompassed socio-
economic status and neonatal morbidity factors for prematurity 
(Blencowe et� al., 2013): bronchopulmonary dysplasia at 36 
gestational weeks, the highest grade of intraventricular 
hemorrhage in serial ultrasound images during the neonatal 
period, a four-category classi�cation of white matter injury 
(Woodward et�al., 2006) at term equivalent age in brain magnetic 
resonance imaging, and birthweight below -2 standard deviation 
(SD) for infants who were small for gestational age according to 
Finnish growth reference data (Sankilampi et�al., 2013). Visual 
and hearing information was gathered from the child�s 
health records.

FIGURE�1

Flow chart of participants in the cohort.
























