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The neurodevelopmental outcome of the premature infant is characterized by a set of minor-to-moderate dysfunctions in

the developmental fields (language, praxis, executive, behavioral and attention disorders, social interaction disorders,

etc.). These dysfunctions tend to cumulate, even to potentiate, which impacts school learning and the daily life of these

children and their parents. Executive functions, such as high-level cognitive operations, play a preponderant role in

learning and social adaptation via the regulation of children’s behavior and emotions. Thus, the notion of executive

dysfunctions as an underlying mechanism of neurodevelopmental difficulties in VP children is now well documented.

Executive deficit is central to the neurodevelopmental phenotype of preterm infants and their learning difficulties, both

from a cognitive and a behavioral or social point of view.
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1. Prematurity, Mortality, Morbidity and Long-Term Sequelae

1.1. Mortality

Regarding the mortality of children under 5 years old, prematurity is the leading cause of death in this age category for

both developing countries (from 10 to 20% of deaths before the age of 5 years) and developed countries (23%) . The

overall survival rate of VPs (<32 weeks) has increased in many countries over the course of the past decade .

In the case of extreme prematurity, the results are more mixed (EPICure cohort 1 and EPICure cohort 2 ; EPIPAGE 1

cohort and EPIPAGE 2 cohort ). The heterogeneity of definitions makes comparisons between studies difficult . In a

recent, large international cohort of 11 countries focused on VP-born children, mortality declined between 2007 and 2015

and, except for Canada, there was an increase in bronchopulmonary dysplasia in most countries .

1.2. Cerebral Palsy and Gross Motor Disabilities

The frequency and severity of cerebral palsy (CP) have decreased in recent years due to advances in perinatal medicine,

such as corticosteroid therapy, magnesium sulfate, developmental care and nutritional techniques . The drop in the

incidence of CP at two years of corrected age from 17% in 1997 (EPIPAGE 1) to 8% in 2011 (EPIPAGE 2) for children

born at 25–26 weeks of gestational age (GA)  was confirmed at the European level . EPIPAGE 2 or EXPRESS

 studies have shown a severe cognitive deficit at the age of 5–6 years, in 10–15% of extreme GA groups (<27

weeks of GA) .

1.3. Cognition

Global cognitive deficits

If mortality and so-called severe morbidity have generally decreased, preterm birth, even moderate, remains a risk context

for neurodevelopmental sequelae and educational difficulties, which are more frequent with a low birth term and when the

child’s environment is socio-economically disadvantaged . Various recent studies on VP children have shown a clinically

significant difference of 13–15 FSIQ points, or from −0.85 to −1 SD, compared to term children . A moderate

cognitive deficit (FSIQ between −1 and 2 SD) was found in a little more than 25% of VP babies when they reached five

years of age. This appeared to be true even in children born moderately premature (32–34 weeks of GA) vs. 10% in the

control group children born at term in the EPIPAGE 2 study . There are many methodological biases to consider in

describing medium- and long-term cognitive outcomes . Taking the parents’ educational level and socio-economic

status into account is essential in any cognitive assessment . The “classic physiological” neurodevelopment is

modified by preterm birth and the neurobehavioral sequelae found in preterm children do not differ radically from the “dys”
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problems encountered in term births. Their specificities are greater incidence and complexity; intricacy with behavioral

disorders and/or coordination acquisition disorders (CADs); and characteristic prevalence of dysexecutive and attentional

disorders .

Language skills

Language is one of the most affected functions in the preterm infant . Language skills were found to be poorer in

preterm children than in full-term infants, with a performance of approximately from −0.5 to −1.0 SD in each language

domain studied . This finding was supported by functional MRI which confirmed a language circuit dysfunction in

premature children during language processing with a predominance of expressive delay .

Fine motor skills and coordination acquisition disorders

Dyspraxia (or CAD, in the international nomenclature) is a disorder in the development of gestural functions in a context of

more or less marked deficit of spatial treatments. In VPs, CAD is currently much more frequent than CP. It is present in

18.8% of the VPs born at 24–26 weeks of GA, in 8.5% of the VPs born at 27–31 weeks of GA and in 5% of the VPs born

at 32–34 weeks of GA compared with the control population at term, as reported in the EPIPAGE 2 study .

Furthermore, the VP-born infant has significant dysfunctions in a range of basic cognitive processes, such as working

memory (WM), processing speed, visuo-perceptual skills, sensorimotor integration and attention, as compared with term-

born infants . Such deficits, due to the impairment of executive functions (EFs), are observed from when they enter

school until the time they reach adolescence . Several meta-analyses have shown differences in inhibition, WM and

planning varying from 0.3 SD to 0.6 SD in premature children as compared with children born at term. This difference is

stronger at the youngest GA and worsens over time for WM . Risk factors for VPs’ executive deficits can be

summarized into four categories, namely, immaturity (weeks of GA), growth restriction, perinatal inflammation/infection

and socioeconomic disadvantages . EF deficits are also reported by parents and teachers in preterm infants and

appear to persist over time . Preterm infants at the age of 5 years have shown poorer performance in visual

attention than children in full-term control groups, with no differences in other cognitive abilities . These visuomotor

integration problems persist into childhood and adolescence .

Behavioral and psychiatric disorders

Preterm birth is associated with a psychopathological risk that can occur in isolation or can be associated with

neurocognitive disorders and/or learning disabilities . Although results vary considerably among the rating scales

completed by the parents or teachers, the prevalence of psychiatric disorders is three times higher in preterm children

than in term-born control groups . A number of studies concerning mid-childhood and adolescence describes a

“premature behavioral” phenotype characterized by inattention, anxiety and social difficulties . Three types of

behavioral phenotypes are described in the psychiatric disorders observed in VP cohorts, (1) ADHD (symptoms of

inattention rather than hyperactivity/impulsivity); (2) emotional disorders (anxiety rather than depression); and (3) ASD,

autism spectrum disorder, social interaction and communication problems . Additionally, VP preterm infants have

poorer peer relationships and weaker social competence, without major abnormalities in other areas . Elevated autism-

spectrum-disorder rates, particularly disorders of facial emotion recognition, have been noted to vary from 5 to 8% in

adolescence or adulthood . Recently, in EPIPAGE 2, among 5.5-year-old VP-born children, subgroups could be

distinguished with distinct outcome profiles that varied in severity, type and combinations of deficits, with a worsening of

neurocomorbidities associated with behavioral disorders . The behavioral disorder characteristic of the child or

adolescent born pretermly is the absence of conduct disorders . Academic repercussion for the pretermly birth has a

strong economic impact, since lower educational levels in adulthood yield more unemployment, under-qualified work,

anxiety disorders and loss of self-esteem .

2. Understanding the Neurodevelopment of Prematurity Requires
Executive Function Evaluations

EFs define the cognitive operations that allow the individual to adapt their behavior and activities to the demands and

fluctuations of the environment. These functions come into play as soon as the individual is faced with a non-routine

situation that requires problem solving.

EFs’ main mental processes are: (1) planning, i.e., organizing and planning data according to the goal to be achieved and

choosing relevant information; (2) inhibition, i.e., inhibiting secondary processes, resisting distractions; (3) working

memory (WM), i.e., organizing for memory reuse; (4) flexibility, i.e., implementing treatment operations, inventing new

situations and being able to modify them if they deviate from the desired goal . It is understood that each of these

mental processes (“under executive mental functions”) can be evaluated by “specific” tests, but these processes are often
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entangled and dependent on the attentional mental process (auditory and/or visual). For this reason, their definitions vary

significantly from publication to publication . FEs are, therefore, “higher” functions that play an important role in

cognitive neurodevelopment and social adaptation . The EFs are a set of high-level cognitive processes that guide our

actions, regulate behavior and allow us to adapt to our environment to achieve a specific goal.

Cohort descriptions of a premature infant’s fate are usually classified according to the severity of the disability based on

the full-scale intelligence quotient (FSIQ) score, namely, no disability, mild disability, moderate disability, or severe

disability. However, a low intelligence quotient (FSIQ) is the product of social disadvantage, genetic influences, great

prematurity and other environmental factors that play a greater role over time. VPs require more discriminative

neuropsychological and behavioral analyses to identify all the affected functions . Indeed, an FSIQ threshold above or

close to a low mean (Wechsler) is generally considered “normal” in cohorts of premature infants. However, the

performance observed is the result of complex processes involving multiple intellectual and non-intellectual

characteristics, such as attention, emotions, motivation, movement planning, EFs, etc., which may be in deficit in

premature infants. Thus, the FSIQ calculated in premature infants on subtest values, which are most often dissociated,

does not reflect the child’s cognitive functioning. Rather, it is the analysis of the Wechsler subtest dispersion that should

highlight those children that deserve a thorough interpretation, therefore a better brain function assessment. A child born

prematurely and viewed with a “normal” FSIQ may also present a dysexecutive syndrome and/or an alteration in behavior

that may indirectly disrupt his/her cerebral functioning .

2.1. Executive Functions and Learning in Premature Infants

EFs oversee lower-level cognitive processes, hence the term “top-down”; thus, they are at the center of overall cognitive

functioning, such as a true “orchestra conductor”; they notably play a preponderant role in academic achievements 

. The better EFs are in young children, the better are their results in mathematics . Similarly, a

higher level of reading comprehension in young children is associated with elevated EFs . A timely assessment of

EFs, from early childhood, is predictive of school performance . EFs (especially WM) are more predictive of

academic success than FSIQs  and reflect the child’s degree of educational investment . EFs are not only

involved in cognitive and learning mechanisms, but also in the regulation of behavior and of emotions. A direct link has

been suggested between EFs and QOL in children . This EF centrality to cognitive development not only has a

persistent impact on adulthood and career success  but also on behavior and emotional well-being .

2.2. Executive Functions, Behavior and Attention Disorders

A meta-analysis of behavioral profiles of school-aged and adolescent VP children, as compared with those children born

at term (2004 premature versus 1238 controls), showed that behavioral profiles, according to their severity, are specific

and associated with cognitive and/or neurological comorbidities . The research proposed, for the first time, the

concept of “behavioral phenotype of premature infants”, characterized by attention deficit/hyperactivity disorder, social and

emotional difficulties and introversion . Burnett confirmed this association with worsening behavioral disorders

when associated with neurological comorbidities . A cluster analysis identified four behavioral profiles in five-year-old

VP children, i.e., (1) children with a typical development similar to that of the general population; (2) children at “risk”, with

neurodevelopmental scores and psychiatric profiles slightly disturbed, but close to the mean; (3) children with moderately

severe to severe executive disorders and symptoms of ADHD and/or ASD; and (4) children in inattentive/hyperactive

groups with cognitive and linguistic scores close to the deficit .

2.3. Executive Functions and Holistic Neurodevelopment

Hutchinson  and Anderson  hypothesized the impairment of original primary cognitive functions. For example, a WM

deficit and/or attention and/or processing speed impacting other mental processes would be the cause of later deficits

such as language delays or dysexecutive disorders . A lexical stock study of prematurely born infants in the

EPIPAGE 2 cohort showed a strong association between language skills and performance in other areas of development

when they reached a corrected age of 24 months and confirmed that the neurodevelopment of the premature infant

should be considered with a holistic approach during infancy . The child’s language implicitly develops on pre-linguistic

sensorimotor skills. Sensorimotor constraints affecting oral and facial praxis, auditory and tactile discrimination, visual

attention and modality transfers are observed in premature children with phonological disorders . A cluster-based fate

analysis approach illustrated the holistic neurodevelopment of VLBW infants from birth to 18 months. The majority of

children were cognitively normal, but gathered into three different groups, that is, (1) 17% with cognitive and language

results above the standards of the tests used; the majority of children (54%) in the middle range for cognition, expression

and reception of language; (2) 21% with an average score for cognition and language reception, but with a notable delay

in language expression; and (3) 8.5% with poor performance in all areas of cognitive and language development. This
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classification made it possible to raise the hypothesis of an attentional problem at the origin of these disorders and to

consider surveillance for all groups except for those in Group 1. In the event of a disadvantaged socio-economic

environment, reinforced surveillance, when they achieve school age, is essential . Delays in the development of oral

language are common in both expression and reception in VP infants. These language difficulties seem to increase as the

language becomes more complex, i.e., from age 3 to 12. Language plays a special role in learning abilities and its

achievement is based on intellectual functions allowing the child to achieve non-verbal communication and requiring a

high level of sensoriality, perception, attention and fine motor skills. It is a necessary function for the construction of

cognitive development and social relationships .

2.4. Neurobehavior, Executive Functions and Hypoconnectivity

Executive functions are localized in the fronto-striatal and fronto-parietal circuits. They are affected by ADHD and ASD and

by very preterm births . The neurobehavioral disorder of prematurity is linked to a lesion and/or environmental

mechanism affecting the development of the brain and corresponding to common neuroanatomical lesions .

Following the analysis of 100 MRI scans, Inder described the general “pattern” of non-cystic brain lesions of VP infants

with both white matter and grey matter (GM) abnormalities, which included white matter atrophy, ventriculomegaly,

delayed gyration and enlargement of the brain spaces under the arachnoid. The perinatal risk factors identified for these

lesions included weeks of GA, infectious episodes, neonatal hemodynamic disorders and cerebral ultrasound lesions

(Hemorragia intra ventricular (HIV) and periventricular leucomalacia . Volpe emphasized that the observed lesions of

white matter in VP infants were associated with diffuse neuronal and axonal abnormalities of the white matter but also of

the cortical grey matter, thalami and basal ganglia, as well as the cerebellum. He suggested the term “premature

encephalopathy”, witness to initial lesions and secondary developmental alterations leading to dysmature evolution of the

brain of a child born prematurely .

3. Support for the Development of EFs and Neurobehavioral Functions in
Children Born Premature

Apart from those who present serious sequelae specific to their type of CP or cognitive impairment, the

neurodevelopmental outcome of the VP infant is characterized by a set of minor-to-moderate dysfunctions in the

developmental fields (language, praxis, executive, behavioral and attention disorders, social interaction disorders, etc.).

These dysfunctions tend to cumulate, even to potentiate, which impacts school learning and the daily life of these children

and their parents . Executive functions, such as high-level cognitive operations, play a

preponderant role in learning and social adaptation via the regulation of children’s behavior and emotions . Thus,

the notion of executive dysfunctions as an underlying mechanism of neurodevelopmental difficulties in VP children is now

well documented . Executive deficit is central to the neurodevelopmental phenotype of preterm infants and

their learning difficulties, both from a cognitive and a behavioral or social point of view .

The assessment and development support of EFs, as a whole, seem essential to support the development of prematurely

born infants. Early and rapid assessments of EFs are possible, relying on observations of the child’s behavior, via parents

or teachers (BRIEF). When premature children have reached school age or adolescence, they need to be able to have a

complete evaluation of their neurodevelopment, which includes not only an evaluation of cognitive skills, praxis and

executive functions by calibrated behavioral psychology tests, but also an evaluation of their behavior, their level of

anxiety, their attentional capacities, their social interactions and their quality of life, via self- and hetero-questionnaires

(parents, teachers, etc.).

The possibility of training and strengthening executive functions to optimize overall executive functioning and promote

neurodevelopment has been explored in numerous studies, starting at preschool age, but also later, in childhood and

adolescence. Very different modalities have been proposed, ranging from generalist interventions in a school

environment, to much more specific and targeted interventions, such as computerized cognitive training, including the

practice of mindfulness, sports or music . The specific computerized training programs to support executive

functioning have mainly focused on WM training with Cogmed  software, or on a general approach to training all EFs with

BrainGame Brian  software. The results of these programs are currently disappointing in premature infants 

, even if they can improve one or more executive functions transitorily. Therefore, these should not be used as a

standalone and can perhaps have a role in a comprehensive care package for EF support. Focusing on specific EF

training was shown to be less effective in children aged from 4 to 12 than programs that integrated emotional and social

components (Montessori-type school programs or “Tools of the Mind” in North America), including psychomotor

components such as yoga or martial arts . The way to stimulate EFs is to take into account all the components of the
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child, including emotional, social and physical components . This is certainly even truer for the specific population of VP

infants for whom it is the entire neurodevelopment, in all its cognitive, behavioral and social components, that is impacted

by premature birth . A 2020 meta-analysis of cognitive training of young children to optimize their EFs which

covered 30 studies published between 2009 and 2019 on children aged 3–6 years confirmed this trend . The benefit of

cognitive EF group training, such as the school-based type, is more effective than individual training. Motivation among

peers and interaction with other children is a particularly significant support. In addition, in this same study, the non-

computerized nature of the training brought a greater benefit: the use of card games, global or fine psychomotricity

activities at this age seems more effective than the use of a computer. Finally, prior to all the programs offered to

premature children, in terms of training, rehabilitation or remediation, there is the question of perinatal prevention

strategies for neurodevelopmental disorders in the event of preterm birth. Numerous medical and technical advances in

the perinatal care of these children have already been employed, such as inborn birth strategy, antenatal corticosteroid

therapy and magnesium sulfate, optimal respiratory and nutritional support, and postnatal monitoring; other advances are

certainly to come, such as the neuroprotective erythropoietin approach, for example , or caffeine as further

neuroprotection . Another essential avenue of prevention is the set of developmental care strategies applied in the

neonatal period, such as skin-to-skin practice, the kangaroo method and the Newborn Individualized Developmental Care

and Assessment (NIDCAP) program. Scientific data on the neurodevelopmental benefits of these developmental care

techniques and programs bear witness to this . Parents, considered as the main support for the

neurodevelopment of the child in these programs, are put at the center of care. It can postulate that the parent–child

bonds (attachment and bonding) created during this neonatal period  make therefore possible special attention

and support to the neurobehavior of these very premature children throughout their early childhood.

References

1. Liu, L.; Oza, S.; Hogan, D.; Chu, Y.; Perin, J.; Zhu, J.; Lawn, J.E.; Cousens, S.; Mathers, C.; Black, R.E. Global, Region
al, and National Causes of under-5 Mortality in 2000–15: An Updated Systematic Analysis with Implications for the Sust
ainable Development Goals. Lancet 2016, 388, 3027–3035.

2. Torchin, H.; Ancel, P.-Y.; Jarreau, P.-H.; Goffinet, F. Epidemiology of preterm birth: Prevalence, recent trends, short- and
long-term outcomes. J. Gynecol. Obs. Biol. Reprod. 2015, 44, 723–731.

3. Costeloe, K.L.; Hennessy, E.M.; Haider, S.; Stacey, F.; Marlow, N.; Draper, E.S. Short Term Outcomes after Extreme Pr
eterm Birth in England: Comparison of Two Birth Cohorts in 1995 and 2006 (the EPICure Studies). BMJ 2012, 345, e79
76.

4. Ancel, P.-Y.; Goffinet, F.; EPIPAGE-2 Writing Group; Kuhn, P.; Langer, B.; Matis, J.; Hernandorena, X.; Chabanier, P.; J
oly-Pedespan, L.; Lecomte, B.; et al. Survival and Morbidity of Preterm Children Born at 22 through 34 Weeks’ Gestatio
n in France in 2011: Results of the EPIPAGE-2 Cohort Study. JAMA Pediatr. 2015, 169, 230–238.

5. Delorme, P.; Goffinet, F.; Ancel, P.-Y.; Foix-L’Hélias, L.; Langer, B.; Lebeaux, C.; Marchand, L.M.; Zeitlin, J.; Ego, A.; Arn
aud, C.; et al. Cause of Preterm Birth as a Prognostic Factor for Mortality. Obstet. Gynecol. 2016, 127, 40–48.

6. Lui, K.; Lee, S.K.; Kusuda, S.; Adams, M.; Vento, M.; Reichman, B.; Darlow, B.A.; Lehtonen, L.; Modi, N.; Norman, M.;
et al. Trends in Outcomes for Neonates Born Very Preterm and Very Low Birth Weight in 11 High-Income Countries. J.
Pediatr. 2019, 215, 32–40.e14.

7. Marret, S.; Chollat, C.; de Quelen, R.; Pinto Cardoso, G.; Abily-Donval, L.; Chadie, A.; Torre, S.; Vanhulle, C.; Mellier,
D.; Charollais, A.; et al. Course and neurological/behavioral development of preterm children. Arch. Pediatr. 2015, 22, 1
95–202.

8. Pierrat, V.; Marchand-Martin, L.; Arnaud, C.; Kaminski, M.; Resche-Rigon, M.; Lebeaux, C.; Bodeau-Livinec, F.; Morga
n, A.S.; Goffinet, F.; Marret, S.; et al. Neurodevelopmental Outcome at 2 Years for Preterm Children Born at 22 to 34 W
eeks’ Gestation in France in 2011: EPIPAGE-2 Cohort Study. BMJ 2017, 358, j3448.

9. Sellier, E.; Platt, M.J.; Andersen, G.L.; Krägeloh-Mann, I.; De La Cruz, J.; Cans, C. Surveillance of Cerebral Palsy Netw
ork Decreasing Prevalence in Cerebral Palsy: A Multi-Site European Population-Based Study, 1980 to 2003. Dev. Med.
Child. Neurol. 2016, 58, 85–92.

10. Pierrat, V.; Marchand-Martin, L.; Marret, S.; Arnaud, C.; Benhammou, V.; Cambonie, G.; Debillon, T.; Dufourg, M.-N.; Gi
re, C.; Goffinet, F.; et al. Neurodevelopmental Outcomes at Age 5 among Children Born Preterm: EPIPAGE-2 Cohort St
udy. BMJ 2021, 373, n741.

11. Serenius, F.; Ewald, U.; Farooqi, A.; Fellman, V.; Hafström, M.; Hellgren, K.; Maršál, K.; Ohlin, A.; Olhager, E.; Stjernqvi
st, K.; et al. Neurodevelopmental Outcomes Among Extremely Preterm Infants 6.5 Years After Active Perinatal Care in
Sweden. JAMA Pediatr. 2016, 170, 954.

[99]

[95][103]

[104]

[105][106]

[107]

[108][109][110]

[111][112][113]



12. Twilhaar, E.S.; Wade, R.M.; de Kieviet, J.F.; van Goudoever, J.B.; van Elburg, R.M.; Oosterlaan, J. Cognitive Outcomes
of Children Born Extremely or Very Preterm Since the 1990s and Associated Risk Factors: A Meta-Analysis and Meta-R
egression. JAMA Pediatr. 2018, 172, 361–367.

13. Allotey, J.; Zamora, J.; Cheong-See, F.; Kalidindi, M.; Arroyo-Manzano, D.; Asztalos, E.; van der Post, J.; Mol, B.W.; Mo
ore, D.; Birtles, D.; et al. Cognitive, Motor, Behavioural and Academic Performances of Children Born Preterm: A Meta-
Analysis and Systematic Review Involving 64 061 Children. BJOG 2018, 125, 16–25.

14. Brydges, C.R.; Landes, J.K.; Reid, C.L.; Campbell, C.; French, N.; Anderson, M. Cognitive Outcomes in Children and A
dolescents Born Very Preterm: A Meta-Analysis. Dev. Med. Child Neurol. 2018, 60, 452–468.

15. Kerr-Wilson, C.O.; Mackay, D.F.; Smith, G.C.S.; Pell, J.P. Meta-Analysis of the Association between Preterm Delivery a
nd Intelligence. J. Public Health 2012, 34, 209–216.

16. Torchin, H.; Morgan, A.S.; Ancel, P.-Y. International Comparisons of Neurodevelopmental Outcomes in Infants Born Ver
y Preterm. Semin. Fetal Neonatal Med. 2020, 25, 101109.

17. Rosen, M.L.; Sheridan, M.A.; Sambrook, K.A.; Meltzoff, A.N.; McLaughlin, K.A. Socioeconomic Disparities in Academic
Achievement: A Multi-Modal Investigation of Neural Mechanisms in Children and Adolescents. NeuroImage 2018, 173,
298–310.

18. Beauregard, J.L.; Drews-Botsch, C.; Sales, J.M.; Flanders, W.D.; Kramer, M.R. Preterm Birth, Poverty, and Cognitive D
evelopment. Pediatrics 2018, 141, e20170509.

19. Saurel-Cubizolles, M.; Marchand-Martin, L.; Pierrat, V.; Arnaud, C.; Burguet, A.; Fresson, J.; Marret, S.; Roze, J.; Camb
onie, G.; Matis, J.; et al. Maternal Employment and Socio-economic Status of Families Raising Children Born Very Pret
erm with Motor or Cognitive Impairments: The EPIPAGE Cohort Study. Dev. Med. Child Neurol. 2020, 62, 1182–1190.

20. Fitzallen, G.C.; Taylor, H.G.; Bora, S. What Do We Know.w About the Preterm Behavioral Phenotype? A Narrative Revi
ew. Front. Psychiatry 2020, 11, 154.

21. van Noort-van der Spek, I.L.; Franken, M.-C.J.P.; Weisglas-Kuperus, N. Language Functions in Preterm-Born Children:
A Systematic Review and Meta-Analysis. Pediatrics 2012, 129, 745–754.

22. Barre, N.; Morgan, A.; Doyle, L.W.; Anderson, P.J. Language Abilities in Children Who Were Very Preterm and/or Very
Low Birth Weight: A Meta-Analysis. J. Pediatr. 2011, 158, 766–774.e1.

23. Jansson-Verkasalo, E.; Ruusuvirta, T.; Huotilainen, M.; Alku, P.; Kushnerenko, E.; Suominen, K.; Rytky, S.; Luotonen,
M.; Kaukola, T.; Tolonen, U.; et al. Atypical Perceptual Narrowing in Prematurely Born Infants Is Associated with Compr
omised Language Acquisition at 2 Years of Age. BMC Neurosci. 2010, 11, 88.

24. Ancel, P.-Y.; Groupe EPIPAGE. Very preterm birth in 2008: Questions and perspectives. Arch. Pediatr. 2008, 15, 598–6
01.

25. Anderson, P.J. Neuropsychological Outcomes of Children Born Very Preterm. Semin. Fetal Neonatal Med. 2014, 19, 90
–96.

26. Burnett, A.C.; Anderson, P.J.; Cheong, J.; Doyle, L.W.; Davey, C.G.; Wood, S.J. Prevalence of Psychiatric Diagnoses in
Preterm and Full-Term Children, Adolescents and Young Adults: A Meta-Analysis. Psychol. Med. 2011, 41, 2463–2474.

27. Anderson, P.J.; Dewey, D. Introduction: The Consequences of Being Born Very Early or Very Small. Dev. Neuropsycho
l. 2011, 36, 1–4.

28. van Houdt, C.A.; Oosterlaan, J.; van Wassenaer-Leemhuis, A.G.; van Kaam, A.H.; Aarnoudse-Moens, C.S.H. Executiv
e Function Deficits in Children Born Preterm or at Low Birthweight: A Meta-Analysis. Dev. Med. Child Neurol. 2019, 61,
1015–1024.

29. Réveillon, M.; Hüppi, P.S.; Barisnikov, K. Inhibition Difficulties in Preterm Children: Developmental Delay or Persistent
Deficit? Child Neuropsychol. 2018, 24, 734–762.

30. Leviton, A.; Joseph, R.M.; Allred, E.N.; O’Shea, T.M.; Taylor, H.G.; Kuban, K.K.C. Antenatal and Neonatal Antecedents
of Executive Dysfunctions in Extremely Preterm Children. J. Child Neurol. 2018, 33, 198–208.

31. Anderson, P.J.; Doyle, L.W. Victorian Infant Collaborative Study Group Executive Functioning in School-Aged Children
Who Were Born Very Preterm or with Extremely Low Birth Weight in the 1990s. Pediatrics 2004, 114, 50–57.

32. Farooqi, A.; Hägglöf, B.; Serenius, F. Behaviours Related to Executive Functions and Learning Skills at 11 Years of Age
after Extremely Preterm Birth: A Swedish National Prospective Follow-up Study. Acta Paediatr. 2013, 102, 625–634.

33. Burnett, A.C.; Scratch, S.E.; Lee, K.J.; Cheong, J.; Searle, K.; Hutchinson, E.; De Luca, C.; Davey, M.-A.; Roberts, G.;
Doyle, L.W.; et al. Executive Function in Adolescents Born <1000 g or <28 Weeks: A Prospective Cohort Study. Pediatri
cs 2015, 135, e826–e834.



34. van Veen, S.; van Wassenaer-Leemhuis, A.G.; van Kaam, A.H.; Oosterlaan, J.; Aarnoudse-Moens, C.S.H. Visual Perce
ptive Skills Account for Very Preterm Children’s Mathematical Difficulties in Preschool. Early Hum. Dev. 2019, 129, 11–
15.

35. Geldof, C.J.A.; van Wassenaer, A.G.; de Kieviet, J.F.; Kok, J.H.; Oosterlaan, J. Visual Perception and Visual-Motor Inte
gration in Very Preterm and/or Very Low Birth Weight Children: A Meta-Analysis. Res. Dev. Disabil. 2012, 33, 726–736.

36. Mazeau, M. Dyspraxia: Landmarks. Arch. Pediatr. 2010, 17, 314–318.

37. Geldof, C.J.; Oosterlaan, J.; Vuijk, P.J.; de Vries, M.J.; Kok, J.H.; van Wassenaer-Leemhuis, A.G. Visual Sensory and P
erceptive Functioning in 5-Year-Old Very Preterm/Very-Low-Birthweight Children. Dev. Med. Child Neurol. 2014, 56, 86
2–868.

38. Scott, M.N.; Taylor, H.G.; Fristad, M.A.; Klein, N.; Espy, K.A.; Minich, N.; Hack, M. Behavior Disorders in Extremely Pret
erm/Extremely Low Birth Weight Children in Kindergarten. J. Dev. Behav. Pediatr. 2012, 33, 202–213.

39. Johnson, S.; Marlow, N. Preterm Birth and Childhood Psychiatric Disorders. Pediatr. Res. 2011, 69, 11–18.

40. Scott, M.N.; Hunter, S.J.; Joseph, R.M.; O’Shea, T.M.; Hooper, S.R.; Allred, E.N.; Leviton, A.; Kuban, K. Neurocognitive
Correlates of Attention-Deficit Hyperactivity Disorder Symptoms in Children Born at Extremely Low Gestational Age. J.
Dev. Behav. Pediatr. 2017, 38, 249–259.

41. D’Onofrio, B.M.; Class, Q.A.; Rickert, M.E.; Larsson, H.; Långström, N.; Lichtenstein, P. Preterm Birth and Mortality and
Morbidity: A Population-Based Quasi-Experimental Study. JAMA Psychiatry 2013, 70, 1231–1240.

42. Twilhaar, E.S.; Pierrat, V.; Marchand-Martin, L.; Benhammou, V.; Kaminski, M.; Ancel, P.-Y. Profiles of Functioning in 5.
5-Year-Old Very Preterm Born Children in France: The EPIPAGE-2 Study. J. Am. Acad. Child Adolesc. Psychiatry 2021,
in press.

43. Johnson, S.; Kochhar, P.; Hennessy, E.; Marlow, N.; Wolke, D.; Hollis, C. Antecedents of Attention-Deficit/Hyperactivity
Disorder Symptoms in Children Born Extremely Preterm. J. Dev. Behav. Pediatr. 2016, 37, 285–297.

44. Saigal, S. In Their Own Words: Life at Adulthood after Very Premature Birth. Semin. Perinatol. 2016, 40, 578–583.

45. Anderson, P.J.; Reidy, N. Assessing Executive Function in Preschoolers. Neuropsychol. Rev. 2012, 22, 345–360.

46. Jacob, R.; Parkinson, J. The Potential for School-Based Interventions That Target Executive Function to Improve Acade
mic Achievement: A Review. Rev. Educ. Res. 2015, 85, 512–552.

47. Espy, K.A. Using Developmental, Cognitive, and Neuroscience Approaches to Understand Executive Control in Young
Children. Dev. Neuropsychol. 2004, 26, 379–384.

48. Diamond, A. Executive Functions. Annu. Rev. Psychol. 2013, 64, 135–168.

49. Heeren, T.; Joseph, R.M.; Allred, E.N.; O’Shea, T.M.; Leviton, A.; Kuban, K.C.K. Cognitive Functioning at the Age of 10
Years among Children Born Extremely Preterm: A Latent Profile Approach. Pediatr. Res. 2017, 82, 614–619.

50. Davidson, M.C.; Amso, D.; Anderson, L.C.; Diamond, A. Development of Cognitive Control and Executive Functions fro
m 4 to 13 Years: Evidence from Manipulations of Memory, Inhibition, and Task Switching. Neuropsychologia 2006, 44,
2037–2078.

51. Houdé, O. L’école du Cerveau: De Montessori, Freinet et Piaget aux Sciences Cognitives; Mardaga: Bruxelles, Belgiu
m, 2018; ISBN 978-2-8047-0563-3.

52. Houdé, O.; Borst, G. Measuring Inhibitory Control in Children and Adults: Brain Imaging and Mental Chronometry. Fron
t. Psychol. 2014, 5, 616.

53. Miller, E.K.; Cohen, J.D. An Integrative Theory of Prefrontal Cortex Function. Annu. Rev. Neurosci. 2001, 24, 167–202.

54. Miyake, A.; Friedman, N.P.; Emerson, M.J.; Witzki, A.A.H.; Howerter, A.; Wager, T.D. The Unity and Diversity of Executi
ve Functions and Their Contributions to Complex “Frontal Lobe” Tasks: A Latent Variable Analysis. Cogn. Psychol. 200
0, 41, 49–100.

55. Begolli, K.N.; Richland, L.E.; Jaeggi, S.M.; Lyons, E.M.; Klostermann, E.C.; Matlen, B.J. Executive Function in Learning
Mathematics by Comparison: Incorporating Everyday Classrooms into the Science of Learning. Think. Reason. 2018, 2
4, 280–313.

56. Bull, R.; Lee, K. Executive Functioning and Mathematics Achievement. Child Dev. Perspect. 2014, 8, 36–41.

57. Mulder, H.; Verhagen, J.; Van der Ven, S.H.G.; Slot, P.L.; Leseman, P.P.M. Early Executive Function at Age Two Predict
s Emergent Mathematics and Literacy at Age Five. Front. Psychol. 2017, 8, 1706.

58. Ribner, A.D.; Willoughby, M.T.; Blair, C.B. Executive Function Buffers the Association between Early Math and Later Ac
ademic Skills. Front. Psychol. 2017, 8, 869.



59. McKinnon, R.D.; Blair, C. Bidirectional Relations among Executive Function, Teacher–Child Relationships, and Early R
eading and Math Achievement: A Cross-Lagged Panel Analysis. Early Child. Res. Q. 2019, 46, 152–165.

60. Vitiello, V.E.; Greenfield, D.B. Executive Functions and Approaches to Learning in Predicting School Readiness. J. App
l. Dev. Psychol. 2017, 53, 1–9.

61. Blair, C. Executive Function and Early Childhood Education. Curr. Opin. Behav. Sci. 2016, 10, 102–107.

62. Thorell, L.B.; Veleiro, A.; Siu, A.F.Y.; Mohammadi, H. Examining the Relation between Ratings of Executive Functioning
and Academic Achievement: Findings from a Cross-Cultural Study. Child Neuropsychol. 2013, 19, 630–638.

63. Willoughby, M.T.; Wylie, A.C.; Little, M.H. Testing Longitudinal Associations between Executive Function and Academic
Achievement. Dev. Psychol. 2019, 55, 767–779.

64. Alloway, T.P.; Gathercole, S.E.; Willis, C.; Adams, A.-M. A Structural Analysis of Working Memory and Related Cognitive
Skills in Young Children. J. Exp. Child Psychol. 2004, 87, 85–106.

65. Andersson, U. Working Memory as a Predictor of Written Arithmetical Skills in Children: The Importance of Central Exe
cutive Functions. Br. J. Educ. Psychol. 2008, 78, 181–203.

66. Nelson, T.D.; Nelson, J.M.; James, T.D.; Clark, C.A.C.; Kidwell, K.M.; Espy, K.A. Executive Control Goes to School: Imp
lications of Preschool Executive Performance for Observed Elementary Classroom Learning Engagement. Dev. Psycho
l. 2017, 53, 836–844.

67. Gire, C.; Resseguier, N.; Brévaut-Malaty, V.; Marret, S.; Cambonie, G.; Souksi-Medioni, I.; Müller, J.-B.; Garcia, P.; Berb
is, J.; Tosello, B.; et al. Quality of Life of Extremely Preterm School-Age Children without Major Handicap: A Cross-Secti
onal Observational Study. Arch. Dis. Child. 2019, 104, 333–339.

68. Schwörer, M.C.; Reinelt, T.; Petermann, F.; Petermann, U. Influence of Executive Functions on the Self-Reported Healt
h-Related Quality of Life of Children with ADHD. Qual. Life Res. 2020, 29, 1183–1192.

69. Moffitt, T.E.; Arseneault, L.; Belsky, D.; Dickson, N.; Hancox, R.J.; Harrington, H.; Houts, R.; Poulton, R.; Roberts, B.W.;
Ross, S.; et al. A Gradient of Childhood Self-Control Predicts Health, Wealth, and Public Safety. Proc. Natl. Acad. Sci.
USA 2011, 108, 2693–2698.

70. Schonert-Reichl, K.A.; Oberle, E.; Lawlor, M.S.; Abbott, D.; Thomson, K.; Oberlander, T.F.; Diamond, A. Enhancing Cog
nitive and Social–Emotional Development through a Simple-to-Administer Mindfulness-Based School Program for Elem
entary School Children: A Randomized Controlled Trial. Dev. Psychol. 2015, 51, 52–66.

71. Mathewson, K.J.; Chow, C.H.T.; Dobson, K.G.; Pope, E.I.; Schmidt, L.A.; Van Lieshout, R.J. Mental Health of Extremely
Low Birth Weight Survivors: A Systematic Review and Meta-Analysis. Psychol. Bull. 2017, 143, 347–383.

72. Johnson, S.; Wolke, D. Behavioural Outcomes and Psychopathology during Adolescence. Early Hum. Dev. 2013, 89, 1
99–207.

73. Samuelsson, M.; Holsti, A.; Adamsson, M.; Serenius, F.; Hägglöf, B.; Farooqi, A. Behavioral Patterns in Adolescents Bo
rn at 23 to 25 Weeks of Gestation. Pediatrics 2017, 140, e20170199.

74. Johnson, S.; Waheed, G.; Manktelow, B.N.; Field, D.J.; Marlow, N.; Draper, E.S.; Boyle, E.M. Differentiating the Preter
m Phenotype: Distinct Profiles of Cognitive and Behavioral Development Following Late and Moderately Preterm Birth.
J. Pediatr. 2018, 193, 85–92.e1.

75. Hutchinson, E.A.; De Luca, C.R.; Doyle, L.W.; Roberts, G.; Anderson, P.J.; Victorian Infant Collaborative Study Group.
School-Age Outcomes of Extremely Preterm or Extremely Low Birth Weight Children. Pediatrics 2013, 131, e1053–e10
61.

76. Mulder, H.; Pitchford, N.J.; Marlow, N. Processing Speed and Working Memory Underlie Academic Attainment in Very P
reterm Children. Arch. Dis. Child Fetal Neonatal Ed. 2010, 95, F267–F272.

77. Mulder, H.; Pitchford, N.J.; Marlow, N. Processing Speed Mediates Executive Function Difficulties in Very Preterm Child
ren in Middle Childhood. J. Int. Neuropsychol. Soc. 2011, 17, 445–454.

78. Charkaluk, M.-L.; Rousseau, J.; Benhammou, V.; Datin-Dorrière, V.; Flamant, C.; Gire, C.; Kern, S.; Pierrat, V.; Kamins
ki, M.; Marret, S. Association of Language Skills with Other Developmental Domains in Extremely, Very, and Moderatel
y Preterm Children: EPIPAGE 2 Cohort Study. J. Pediatr. 2019, 208, 114–120.e5.

79. Charollais, A.; Marret, S.; Stumpf, M.H.; Lemarchand, M.; Delaporte, B.; Philip, E.; Guillois, B.; Datin-Dorriere, V.; Debill
on, T.; Simon, M.J.; et al. Understand the neurodevelopment of language: A necessity to prevent learning disabilities in
children. Arch. Pediatr. 2013, 20, 994–999.

80. Ross, G.S.; Foran, L.M.; Barbot, B.; Sossin, K.M.; Perlman, J.M. Using Cluster Analysis to Provide New Insights into D
evelopment of Very Low Birthweight (VLBW) Premature Infants. Early Hum. Dev. 2016, 92, 45–49.



81. Craig, A.; Guest, R.; Tran, Y.; Middleton, J. Cognitive Impairment and Mood States after Spinal Cord Injury. J. Neurotra
uma 2017, 34, 1156–1163.

82. Botellero, V.L.; Skranes, J.; Bjuland, K.J.; Løhaugen, G.C.; Håberg, A.K.; Lydersen, S.; Brubakk, A.-M.; Indredavik, M.
S.; Martinussen, M. Mental Health and Cerebellar Volume during Adolescence in Very-Low-Birth-Weight Infants: A Long
itudinal Study. Child Adolesc. Psychiatry Ment. Health 2016, 10, 6.

83. van Houdt, C.A.; Oosterlaan, J.; Aarnoudse-Moens, C.S.H.; van Kaam, A.H.; van Wassenaer-Leemhuis, A.G. Subtypes
of Behavioral Functioning in 8–12 Year Old Very Preterm Children. Early Hum. Dev. 2020, 142, 104968.

84. Volpe, J.J. The Encephalopathy of Prematurity—Brain Injury and Impaired Brain Development Inextricably Intertwined.
Semin. Pediatr. Neurol. 2009, 16, 167–178.

85. Volpe, J.J. Dysmaturation of Premature Brain: Importance, Cellular Mechanisms, and Potential Interventions. Pediatr. N
eurol. 2019, 95, 42–66.

86. Inder, T.E.; Wells, S.J.; Mogridge, N.B.; Spencer, C.; Volpe, J.J. Defining the Nature of the Cerebral Abnormalities in the
Premature Infant: A Qualitative Magnetic Resonance Imaging Study. J. Pediatr. 2003, 143, 171–179.

87. Gire, C.; Tosello, B.; Marret, S.; Cambonie, G.; Souksi-Medioni, I.; Müller, J.-B.; Garcia, P.; Berbis, J.; Auquier, P.; Bréva
ut-Malaty, V.; et al. Specific Cognitive Correlates of the Quality of Life of Extremely Preterm School-Aged Children witho
ut Major Neurodevelopmental Disability. Pediatr. Res. 2020, 88, 642–652.

88. Aarnoudse-Moens, C.S.H.; Weisglas-Kuperus, N.; van Goudoever, J.B.; Oosterlaan, J. Meta-Analysis of Neurobehavio
ral Outcomes in Very Preterm and/or Very Low Birth Weight Children. Pediatrics 2009, 124, 717–728.

89. Twilhaar, E.S.; de Kieviet, J.F.; Bergwerff, C.E.; Finken, M.J.J.; van Elburg, R.M.; Oosterlaan, J. Social Adjustment in A
dolescents Born Very Preterm: Evidence for a Cognitive Basis of Social Problems. J. Pediatr. 2019, 213, 66–73.e1.

90. Baumann, N.; Bartmann, P.; Wolke, D. Health-Related Quality of Life into Adulthood After Very Preterm Birth. Pediatrics
2016, 137, e20153148.

91. Houdé, O.; Borst, G. Evidence for an Inhibitory-Control Theory of the Reasoning Brain. Front. Hum. Neurosci. 2015, 9,
148.

92. Borst, G.; Aïte, A.; Houdé, O. Inhibition of Misleading Heuristics as a Core Mechanism for Typical Cognitive Developme
nt: Evidence from Behavioural and Brain-Imaging Studies. Dev. Med. Child Neurol. 2015, 57 (Suppl. S2), 21–25.

93. Aarnoudse-Moens, C.S.H.; Weisglas-Kuperus, N.; Duivenvoorden, H.J.; van Goudoever, J.B.; Oosterlaan, J. Executive
Function and IQ Predict Mathematical and Attention Problems in Very Preterm Children. PLoS ONE 2013, 8, e55994.

94. Mulder, H.; Pitchford, N.J.; Hagger, M.S.; Marlow, N. Development of Executive Function and Attention in Preterm Child
ren: A Systematic Review. Dev. Neuropsychol. 2009, 34, 393–421.

95. Tosello, B.; Méziane, S.; Resseguier, N.; Marret, S.; Cambonie, G.; Zahed, M.; Brévaut-Malaty, V.; Beltran Anzola, A.; G
ire, C.; for the GPQoL-Study Group. The Neurobehavioral Phenotype of School-Aged, Very Prematurely Born Children
with No Serious Neurological Sequelae: A Quality of Life Predictor. Children 2021, 8, 943.

96. Burnett, A.C.; Youssef, G.; Anderson, P.J.; Duff, J.; Doyle, L.W.; Cheong, J.L.Y.; Victorian Infant Collaborative Study Gr
oup. Exploring the “Preterm Behavioral Phenotype” in Children Born Extremely Preterm. J. Dev. Behav. Pediatr. 2019,
40, 200–207.

97. Loe, I.M.; Lee, E.S.; Feldman, H.M. Attention and Internalizing Behaviors in Relation to White Matter in Children Born P
reterm. J. Dev. Behav. Pediatr. 2013, 34, 156–164.

98. Diamond, A.; Lee, K. Interventions Shown to Aid Executive Function Development in Children 4 to 12 Years Old. Scien
ce 2011, 333, 959–964.

99. Diamond, A.; Ling, D.S. Conclusions about Interventions, Programs, and Approaches for Improving Executive Function
s That Appear Justified and Those That, despite Much Hype, Do Not. Dev. Cogn. Neurosci. 2016, 18, 34–48.

100. Anderson, P.J.; Lee, K.J.; Roberts, G.; Spencer-Smith, M.M.; Thompson, D.K.; Seal, M.L.; Nosarti, C.; Grehan, A.; Jose
v, E.K.; Gathercole, S.; et al. Long-Term Academic Functioning Following Cogmed Working Memory Training for Childr
en Born Extremely Preterm: A Randomized Controlled Trial. J. Pediatr. 2018, 202, 92–97.e4.

101. Grunewaldt, K.H.; Skranes, J.; Brubakk, A.-M.; Lähaugen, G.C.C. Computerized Working Memory Training Has Positiv
e Long-Term Effect in Very Low Birthweight Preschool Children. Dev. Med. Child Neurol. 2016, 58, 195–201.

102. Pascoe, L.; Roberts, G.; Doyle, L.W.; Lee, K.J.; Thompson, D.K.; Seal, M.L.; Josev, E.K.; Nosarti, C.; Gathercole, S.; A
nderson, P.J. Preventing Academic Difficulties in Preterm Children: A Randomised Controlled Trial of an Adaptive Worki
ng Memory Training Intervention-IMPRINT Study. BMC Pediatr. 2013, 13, 144.

103. Dai, D.W.T.; Wouldes, T.A.; Brown, G.T.L.; Tottman, A.C.; Alsweiler, J.M.; Gamble, G.D.; Harding, J.E. Relationships bet
ween Intelligence, Executive Function and Academic Achievement in Children Born Very Preterm. Early Hum. Dev. 202



0, 148, 105122.

104. Scionti, N.; Cavallero, M.; Zogmaister, C.; Marzocchi, G.M. Corrigendum: Is Cognitive Training Effective for Improving E
xecutive Functions in Preschoolers? A Systematic Review and Meta-Analysis. Front. Psychol. 2020, 11, 410.

105. Jakab, A.; Ruegger, C.; Bucher, H.U.; Makki, M.; Huppi, P.S.; Tuura, R.; Hagmann, C.; Swiss EPO Neuroprotection Tria
l Group. Network Based Statistics Reveals Trophic and Neuroprotective Effect of Early High Dose Erythropoetin on Brai
n Connectivity in Very Preterm Infants. Neuroimage Clin. 2019, 22, 101806.

106. Natalucci, G.; Latal, B.; Koller, B.; Rüegger, C.; Sick, B.; Held, L.; Bucher, H.U.; Fauchère, J.-C.; Swiss EPO Neuroprot
ection Trial Group. Effect of Early Prophylactic High-Dose Recombinant Human Erythropoietin in Very Preterm Infants
on Neurodevelopmental Outcome at 2 Years: A Randomized Clinical Trial. JAMA 2016, 315, 2079–2085.

107. Moschino, L.; Zivanovic, S.; Hartley, C.; Trevisanuto, D.; Baraldi, E.; Roehr, C.C. Caffeine in Preterm Infants: Where Ar
e We in 2020? ERJ Open Res. 2020, 6, 00330–02019.

108. Charpak, N.; Tessier, R.; Ruiz, J.G.; Hernandez, J.T.; Uriza, F.; Villegas, J.; Nadeau, L.; Mercier, C.; Maheu, F.; Marin,
J.; et al. Twenty-Year Follow-up of Kangaroo Mother Care Versus Traditional Care. Pediatrics 2017, 139, e20162063.

109. Moody, C.; Callahan, T.J.; Aldrich, H.; Gance-Cleveland, B.; Sables-Baus, S. Early Initiation of Newborn Individualized
Developmental Care and Assessment Program (NIDCAP) Reduces Length of Stay: A Quality Improvement Project. J.
Pediatr. Nurs. 2017, 32, 59–63.

110. Als, H. Re: Ohlsson and Jacobs, NIDCAP: A Systematic Review and Meta-Analyses. Pediatrics 2013, 132, e552–e553.

111. Kommers, D.; Oei, G.; Chen, W.; Feijs, L.; Bambang Oetomo, S. Suboptimal Bonding Impairs Hormonal, Epigenetic an
d Neuronal Development in Preterm Infants, but These Impairments Can Be Reversed. Acta Paediatr. 2016, 105, 738–
751.

112. Welch, M.G.; Barone, J.L.; Porges, S.W.; Hane, A.A.; Kwon, K.Y.; Ludwig, R.J.; Stark, R.I.; Surman, A.L.; Kolacz, J.; My
ers, M.M. Family Nurture Intervention in the NICU Increases Autonomic Regulation in Mothers and Children at 4-5 Year
s of Age: Follow-up Results from a Randomized Controlled Trial. PLoS ONE 2020, 15, e0236930.

113. Ludwig, R.J.; Grunau, R.E.; Chafkin, J.E.; Hane, A.A.; Isler, J.R.; Chau, C.M.Y.; Welch, M.G.; Myers, M. Preterm Infant
Heart Rate Is Lowered after Family Nurture Intervention in the NICU: Evidence in Support of Autonomic Conditioning. E
arly Hum. Dev. 2021, 161, 105455.

Retrieved from https://encyclopedia.pub/entry/history/show/50216


