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Children born preterm (<37 weeks’ gestation) show a specific vulnerability for socio-emotional difficulties, which

may increase the likelihood of developing behavioral and psychiatric problems in adolescence and adulthood. The

significant advances in perinatal and neonatal medicine over the past mean that most of these infants now survive

to adulthood. Consequently, the focus of research has shifted from increasing survival rates to enhancing the

quality of life and improving outcomes for these infants. It has been noticed that there is an increased risk of

cognitive, behavioral, socio-emotional, speech, motor or sensory impairment in the long run. Furthermore, long-

term overall function depends on healthy socio-emotional functioning; at the same time, preterm children present

more behavioral and emotional problems than their full-term counterparts. The difficulties with the increasing

requests, increasingly complex and demanding, will affect the learning, self-esteem and social development of the

child and future adolescent.
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1. Introduction

Children born preterm (<37 weeks’ gestation) show a specific vulnerability for socio-emotional difficulties, which

may increase the likelihood of developing behavioral and psychiatric problems in adolescence and adulthood. The

significant advances in perinatal and neonatal medicine over the past few decades mean that most of these infants

now survive to adulthood . Consequently, the focus of research has shifted from increasing survival rates to

enhancing the quality of life and improving outcomes for these infants. It has been noticed that there is an

increased risk of cognitive, behavioral, socio-emotional, speech, motor or sensory impairment in the long run 

. Furthermore, long-term overall function depends on healthy socio-emotional functioning; at the same time,

preterm children present more behavioral and emotional problems than their full-term counterparts . The

difficulties with the increasing requests, increasingly complex and demanding, will affect the learning, self-esteem

and social development of the child and future adolescent .

This leads to emotion regulation, which refers to the ability to modulate emotions in response to people and

situations, delay gratification and tolerate changes in the environment using behavioral processes and strategies

and enabling appropriate empathic behaviors . Then, emotion dysregulation can lead premature children to

be unable to handle environmental stimuli, showing hyperactive responses and low tolerance to the slightest

stimulation, putting children born prematurely at a disadvantage during social situations . It has been found

that several risk factors such as atypical structural maturation of the brain regions underlying social cognition could
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lead to developmental delays or abnormalities . At age 6, reduced connectivity was found in all emotions

except the response to angry faces. However, this issue with reduced connectivity decreases at 8 years, indicating

a dynamic period of brain network development. The affected areas are the amygdala and the frontal regions, in

particular the superior frontal gyrus and between the orbital frontal cortex and the anterior cingulate 

. Other volumetric alterations have been found in samples of preterm infants in infancy and adolescence with

changes in both white and gray matter : reduced volume of the fusiform gyrus , thalamus , insula 

and hippocampus . However, different studies have identified, in addition to emotional dysregulation, an

impairment of social cognitive skills related to the Theory of Mind . Theory of Mind has been defined as the

ability to understand the behavior, the inner state that guided it and the motivations and emotions of others, even

when different from one’s own . These impairments increase social vulnerability leading to the result of specific

alterations of the “Social Brain”, which is considered as a neurodevelopmental sequela of preterm birth . The

Theory of Mind deficit is reflected in a reduction in the connectivity of a set of brain regions that comprise the

“Social Brain”. These networks include regions such as the angular gyrus, medial prefrontal cortex, superior

temporal gyrus and temporal lobes. This deficit is particularly found in the group of children born very preterm, who

showed greater connectivity than controls in a network anchored in the occipital gyrus rather than in the classic

regions of social processing .

It is known that behavioral problems are frequent as early as 2 years of age and that these deficits found in the

preschool age remain stable in early childhood and persist throughout the school, adolescent and adult years 

. This could evolve into psychiatric disorders, particularly anxiety disorders, which are the most prevalent

disorder in this population . In fact, during the first 2 years of life, higher rates of insecure attachment with

parents were recorded compared to term children and greater difficulties in regulating interactions with primary

caregivers . In the following years, on the other hand, greater problems in behavioral and emotional self-

regulation, less empathy and lower levels of motivation for the task, social interactions and prosocial relationships

between peers were highlighted, also confirmed by the evaluations of parents and teachers. This is particularly true

for children born extremely preterm in preschool and school age . Arriving at adolescence, researchers

find a developmental period characterized by an increase in cognitive and emotional self-regulation, a greater

dependence on peers for socialization and a greater sensitivity to reward and socio-affective stimuli. The neural

network continues to develop during this time and supports greater awareness of mental states and intentions.

Despite the aspects that promote the growth of adolescents’ increased sensitivity to reward and affective stimuli,

these changes increase vulnerability to stress and the possibility of making decisions with negative adaptive

consequences . Nevertheless, it should be noted that regulatory processes vary during development. In

addition to time, the effects on regulatory functions of environmental quality, modification of parental interactions

and experiences can improve the balance between biological and environmental regulation by shifting in the

direction of environmental dispositions, thus modifying developmental outcomes . In this way, psychosocial

variables such as positive parenting interactions or low parental stress that can potentially protect preterm children

from behavioral problems acquire considerable importance . Furthermore, it is believed that interventions

should also aim at recognizing emotions and elaborating on the emotions felt by others . A comprehensive

approach inspired by a bio-psychosocial model of health and the International Classification on Functioning
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Disability and Health is urgently recommended . Researchers suggest that the behavioral phenotype is

characterized by inattention, anxiety and social difficulties, and that these characteristics would remain stable in

early childhood and persist throughout school age, adolescence and adulthood . In particular, emotion

dysregulation can lead these children to be unable to manage environmental stimuli, showing hyperactive

responses and low tolerance to minimal stimulation .

2. Group Physiotherapy Intervention

The RCT study performed by Brown et al. (2017) investigated behavioral and emotional regulation changes that

task-oriented group physiotherapy intervention, combined with a home-based program, can determine over 6

weeks. Specifically, the task-oriented approach emphasizes motor performance and incorporates it into cognitive

and attentional processes. Included activities addressed postural control and balance, sensorimotor skills and

upper girdle strength, as well as behavior such as increasing attention to tasks. Fifty four-year-old children born

extremely premature were recruited and randomized into the experimental (n = 24) and control (n = 26) groups.

The latter received standard treatment through Best Practice advice and an informal booklet of general age-

appropriate activities. There were no significant differences between groups over time on CBCL internalizing,

externalizing or total problems scores. The intervention group showed a mean difference in total problems score of

−3.8 (CI [1.5, 9.1]) between times, with standard care group values being −4.4 (CI [1.6, 7.1]). Males had higher

total problems scores than females (p = 0.026), although still performed within the “normal” range. At the end of the

treatment and the follow-up, carried out after one year, the authors recorded an improvement in both groups at the

behavioral level, but no significant differences were identified between the two groups at the behavioral level of

internalizing (p = 0.621), externalizing (p = 0.804) and problematic (p = 0.596).

3. Computerized Intervention in Executive Functions

Van Houdt and colleague (2019) studied the effects of a computer-based intervention focused on executive

functions (EF) in eighty-five children born very preterm between the ages of eight and twelve. Twenty-nine children

were assigned to the experimental group and twenty-six to the placebo group; the remaining thirty were assigned

to the waiting group. The experimental intervention and placebo involved a 6-week intervention, with 25 sessions

ranging from 30 to 45 min. The experimental intervention applied the BrainGame Brain Training, a highly motivated

computerized intervention that can be carried out independently by the child and which consists of exercises

focused on executive functions. In the working memory task, children are asked to repeat a sequence of dots on a

grid. In the inhibition task, children are asked to press a button in a specific time window (target), but to refrain from

pressing that button when a visual stop signal is presented. In the cognitive flexibility task, children are asked to

sort objects according to either its shape or its color, with the sorting rule changing every three to five trials. The

difficulty level of each training task is automatically adjusted to the child’s level of performance. The placebo group

carried out the same activities without reinforcing cognitive skills; furthermore, the difficulty level was non-adaptive,

constantly remaining low. The authors found that the intervention group improved in performing all tasks (p <
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0.001); however, these skills were not generalized across attention (p = 0.25), parent (p = 0.19)- or teacher (p =

0.62)-assessed behavioral and emotional functioning, or self-perceived competence (p = 0.12).

4. Parent Training

Two articles reported the results obtained from an RCT of parent training  involving twenty-eight children born

preterm with an externalizing behavior disorder and their mothers. Fourteen mother–child pairs were assigned to

the experimental group and the other fourteen were on the waiting list. The parent–child interaction therapy (PCIT)

is a parent training intervention focused on enhancing the interaction of the mother–infant dyad; it consists of one

session per week for a total of four months. Treatment progresses through two distinct phases: child-directed

interaction (CDI) resembles traditional play therapy and parent-directed interaction (PDI) resembles clinical

behavior therapy. Bagner et al. (2010) report that the PCIT group had fewer attention problems (p = 0.11), but most

of all less aggressive behaviors (p < 0.05) and externalizing and internalizing behavior problems (p < 0.05) at the

end of the sessions (F = 24.2, p < 0.05). The study by Rodriguez et al. (2014) reported how the PCIT group

increased global regulation (p < 0.05); in particular, the resulting t-tests indicated that both low and high global

regulation was significantly different from zero, t(26) = −7.38, p < 0.01, b = −100.72, and t(26) = −3.51, p < 0.01, b

= −48.71.

5. Mindfulness Intervention

The cross-over RCT performed by Siffredi et al. (2020) investigates the effects of a mindfulness intervention on the

emotional regulation of 56 adolescents born very preterm. The experimental group followed a mindfulness-based

intervention (MBI) (n = 29) and was compared to a waitlist group (n = 27). The MBI intervention consisted of eight

weekly sessions in groups of up to seven participants, lasting ninety min, plus an indication to practice daily at

home. For each session, one theme was addressed, such as attention and the stabilization of the focus of

attention, bodily sensations, emotions, thoughts, stress and coping strategies. Different formal meditation practices

were introduced. Groups were evaluated at the end of the intervention and a follow-up at one and three months.

The authors concluded that mindfulness improved day-to-day executive life and reduced SDQ scores (t = −2.423, p

= 0.017); however, these improvements were not globally maintained at follow-up, except for information

processing (t = −3.341, p = 0.001).

6. Methodological Quality and Risk of Bias

The methodological quality of the selected studies was assessed by applying the Jadad and PEDro scores to each

of them. Three of the studies included in the present review, Brown et al. (2017), Siffredi et al. (2020) and

Rodriguez et al. (2014), were considered low quality as they achieved a Jadad score of two and exceeded the

PEDro scale cut-off. The remaining RCTs scored equal to or greater than the cut-off values and were rated as good

quality. The main problems with the articles receiving low scores were the impossibility of applying a double-blind

[47][48]
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study due to the nature of the treatment, the inadequate description of the drop-out and the withdrawals. Quality

assessments were initially completed by a single reviewer and then verified for accuracy by the second reviewer.

References

1. Saigal, S.; Doyle, L. An overview of mortality and sequelae of preterm birth from infancy to
adulthood. Lancet 2008, 371, 261–269.

2. Voigt, B.; Pietz, J.; Pauen, S.; Kliegel, M.; Reuner, G. Cognitive development in very vs.
moderately to late preterm and full-term children: Can effortful control account for group
differences in toddlerhood? Early Hum. Dev. 2012, 88, 307–313.

3. WHO. Preterm Birth Fact Sheet. 2018. Available online: https://www.who.int/news-room/fact-
sheets/detail/preterm-birth (accessed on 7 September 2022).

4. Glass, H.C.; Costarino, A.T.; Stayer, S.A.; Brett, C.M.; Cladis, F.; Davis, P.J. Outcomes for
Extremely Premature Infants. Anesth. Analg. 2015, 120, 1337–1351.

5. Hintz, S.R.; Vohr, B.R.; Bann, C.M.; Taylor, H.G.; Das, A.; Gustafson, K.E.; Yolton, K.; Watson,
V.E.; Lowe, J.; DeAnda, M.E.; et al. Preterm Neuroimaging and School-Age Cognitive Outcomes.
Pediatrics 2018, 142, e20174058.

6. Luu, T.M.; Rehman Mian, M.O.; Nuyt, A.M. Long-Term Impact of Preterm Birth. Clin. Perinatol.
2017, 44, 305–314.

7. Pascoe, L.; Burnett, A.C.; Anderson, P.J. Cognitive and academic outcomes of children born
extremely preterm. Semin. Perinatol. 2021, 45, 151480.

8. Cassiano, R.G.M.; Gaspardo, C.M.; Linhares, M.B.M. Prematurity, neonatal health status, and
later child behavioral/emotional problems: A systematic review. Infant Ment. Health J. 2016, 37,
274–288.

9. Peralta-Carcelen, M.; Schwartz, J.; Carcelen, A.C. Behavioral and Socioemotional Development
in Preterm Children. Clin. Perinatol. 2018, 45, 529–546.

10. Peralta-Carcelen, M.; Carlo, W.A.; Pappas, A. Behavioral problems and socioemotional
competence at 18 to 22 months of extremely premature children. Pediatrics 2017, 139,
e20161043.

11. Denham, S.A.; Blair, K.A.; DeMulder, E.; Levitas, J.; Sawyer, K.; Auerbach-Major, S.; Queenan, P.
Preschool Emotional Competence: Pathway to Social Competence? Child Dev. 2003, 74, 238–
256.

12. Clark, C.A.C.; Woodward, L.J.; Horwood, L.J.; Moor, S. Development of Emotional and Behavioral
Regulation in Children Born Extremely Preterm and Very Preterm: Biological and Social



Emotional Regulation Interventions on Developmen for Preterm Children | Encyclopedia.pub

https://encyclopedia.pub/entry/47386 6/8

Influences. Child Dev. 2008, 79, 1444–1462.

13. Cole, P.M.; Michel, M.K.; Teti, L.O. The development of emotion regulation and dysregulation: A
clinical perspective. Monogr. Sociaty Res. Child Dev. 1994, 59, 73–100.

14. Als, H.; Duffy, F.H.; McAnulty, G.B.; Rivkin, M.J.; Vajapeyam, S.; Mulkern, R.V.; Warfield, S.K.;
Huppi, P.S.; Butler, S.C.; Conneman, N.; et al. Early Experience Alters Brain Function and
Structure. Pediatrics 2004, 113, 846–857.

15. Ionio, C.; Lista, G.; Veggiotti, P.; Colombo, C.; Ciuffo, G.; Daniele, I.; Landoni, M.; Scelsa, B.; Alfei,
E.; Bova, S. Cognitive, Behavioral and Socioemotional Development in a Cohort of Preterm
Infants at School Age: A Cross-Sectional Study. Pediatr. Rep. 2022, 14, 115–126.

16. McGowan, C.E.; Hofheimer, J.A.; O’Shea, M.; Kilbride, H.; Carter, B.S.; Check, J.; Helderman, J.;
Neal, C.R.; Pastyrnak, S.; Smith, L.M.; et al. Analysis of Neonatal Neurobehavior and
Developmental Outcomes Among Preterm Infants. JAMA 2022, 5, e2222249.

17. Kvanta, H.; Bolk, J.; Strindberg, M.; Jiménez-Espinoza, C.; Broström, L.; Padilla, N.; Ådén, U.
Exploring the distribution of grey and white matter brain volumes in extremely preterm children,
using magnetic resonance imaging at term age and at 10 years of age. PLoS ONE 2021, 16,
e0259717.

18. Montagna, A.; Nosarti, C. Socio-Emotional Development Following Very Preterm Birth: Pathways
to Psychopathology. Front. Psychol. 2016, 7, 80.

19. Neubauer, A.; Menegaux, A.; Wendt, J.; Li, H.B.; Schmitz-Koep, B.; Ruzok, T.; Thalhammer, M.;
Schinz, D.; Bartmann, P.; Wolke, D.; et al. Aberrant claustrum structure in preterm-born neonates:
An MRI study. Neuroimage Clin. 2022, 8, 103286.

20. Ganella, E.P.; Burnett, A.; Cheong, J.; Thompson, D.; Roberts, G.; Wood, S. Abnormalities in
orbitofrontal cortex gyrification and mental health outcomes in adolescents born extremely
preterm and/or at an extremely low birth weight. Hum. Brain Mapp. 2014, 36, 1138–1150.

21. Mossad, S.I.; Muscat, C.; Pang, E.W.; Taylor, M. Emerging atypical connectivity networks for
processing angry and fearful faces in very preterm born children. Hum. Brain Mapp. 2020, 41,
3794–3806.

22. Pavlova, M.A.; Galli, J.; Zanetti, F.; Pagani, F.; Micheletti, S.; Rossi, A.; Fazzi, E.M. Social
cognition in individuals born preterm. Sci. Rep. 2021, 11, 14448.

23. Peterson, B.S. Regional Brain Volume Abnormalities and Long-term Cognitive Outcome in
Preterm Infants. JAMA 2000, 284, 1939.

24. Schmitz-Koep, B.; Zimmermann, J.; Menegaux, A.; Nuttall, R.; Bäuml, J.G.; Schneider, S.C.;
Sorg, C. Within amygdala: Basolateral parts are selectively impaired in premature-born adults.
NeuroImage Clin. 2021, 31, 102780.



Emotional Regulation Interventions on Developmen for Preterm Children | Encyclopedia.pub

https://encyclopedia.pub/entry/47386 7/8

25. Sato, J.; Safar, K.; Vandewouw, M.M.; Bando, N.; O’Connor, D.L.; Unger, S.L.; Taylor, M.J. Altered
functional connectivity during face processing in children born with very low birth weight. Soc.
Cogn. Affect. Neurosci. 2021, 16, 1182–1190.

26. Nosarti, C.; Giouroukou, E.; Healy, E.; Rifkin, L.; Walshe, M.; Reichenberg, A.; Murray, R.M. Grey
and white matter distribution in very preterm adolescents mediates neurodevelopmental outcome.
Brain 2007, 131, 205–217.

27. Gousias, I.S.; Edwards, A.D.; Rutherford, M.A.; Counsell, S.J.; Hajnal, J.V.; Rueckert, D.;
Hammers, A. Magnetic resonance imaging of the newborn brain: Manual segmentation of labelled
atlases in term-born and preterm infants. NeuroImage 2012, 62, 1499–1509.

28. Aanes, S.; Bjuland, K.J.; Skranes, J.; Løhaugen, G.C.C. Memory function and hippocampal
volumes in preterm born very-low-birth-weight (VLBW) young adults. NeuroImage 2015, 105, 76–
83.

29. Omizzolo, C.; Scratch, S.E.; Stargatt, R.; Kidokoro, H.; Thompson, D.K.; Lee, K.J.; Anderson, P.J.
Neonatal brain abnormalities and memory and learning outcomes at 7 years in children born very
preterm. Memory 2013, 22, 605–615.

30. Rogers, C.E.; Anderson, P.J.; Thompson, D.K.; Kidokoro, H.; Wallendorf, M.; Treyvaud, K.; Inder,
T.E. Regional Cerebral Development at Term Relates to School-Age Social–Emotional
Development in Very Preterm Children. J. Am. Acad. Child Adolesc. Psychiatry 2012, 51, 181–
191.

31. Nosarti, C.; Froudist-Walsh, S. Alterations in development of hippocampal and cortical memory
mechanisms following very preterm birth. Dev. Med. Child. Neurol. 2016, 4, 35–45.

32. Williamson, K.E.; Jakobson, L.S. Social attribution skills of children born preterm at very low birth
weight. Dev. Psychopathol. 2014, 26 Pt 1, 889–900.

33. Healy, E.; Reichenberg, A.; Nam, K.W.; Allin, M.P.; Walshe, M.; Rifkin, L.; Murray, S.R.M.; Nosarti,
C. Preterm Birth and Adolescent Social Functioning–Alterations in Emotion-Processing Brain
Areas. J. Pediatr. 2013, 163, 1596–1604.

34. Mossad, S.I.; Vandewouw, M.M.; Smith, M.L.; Taylor, M.J. The preterm social brain: Altered
functional networks for Theory of Mind in very preterm children. Brain Commun. 2021, 3, fcaa237.

35. Arpi, E.; Ferrari, F. Preterm birth and behaviour problems in infants and preschool-age children: A
review of the recent literature. Dev. Med. Child Neurol. 2013, 55, 788–796.

36. Cheong, J.L.; Doyle, L.W.; Burnett, A.C.; Lee, K.J.; Walsh, J.M.; Potter, C.R.; Spittle, A.J.
Association Between Moderate and Late Preterm Birth and Neurodevelopment and Social-
Emotional Development at Age 2 Years. JAMA Pediatr. 2017, 171, e164805.



Emotional Regulation Interventions on Developmen for Preterm Children | Encyclopedia.pub

https://encyclopedia.pub/entry/47386 8/8

37. Johnson, S.; Marlow, N. Preterm Birth and Childhood Psychiatric Disorders. Pediatr. Res. 2011,
69 Pt 2, 11R–18R.

38. Spittle, A.J.; Treyvaud, K.; Doyle, L.W.; Roberts, G.; Lee, K.J.; Inder, T.E.; Anderson, P.J. Early
Emergence of Behavior and Social-Emotional Problems in Very Preterm Infants. J. Am. Acad.
Child Adolesc. Psychiatry 2009, 48, 909–918.

39. Fitzallen, G.C.; Sagar, Y.K.; Taylor, H.G.; Bora, S. Anxiety and Depressive Disorders in Children
Born Preterm: A Meta-Analysis. J. Dev. Behav. Pediatr. 2021, 42, 154–162.

40. 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.

41. Taylor, H.G. Neurodevelopmental origins of social competence in very preterm children. Semin.
Fetal Neonatal Med. 2020, 25, 101108.

42. Potijk, M.R.; de Winter, A.F.; Bos, A.F.; Kerstjens, J.M.; Reijneveld, S.A. Co-occurrence of
developmental and behavioural problems in moderate to late preterm-born children. Arch. Dis.
Child. 2015, 101, 217–222.

43. Feldman, R. The Development of Regulatory Functions from Birth to 5 Years: Insights from
Premature Infants. Child Dev. 2009, 80, 544–561.

44. Vinall, J.; Miller, S.P.; Synnes, A.R.; Grunau, R.E. Parent behaviors moderate the relationship
between neonatal pain and internalizing behaviors at 18 months corrected age in children born
very prematurely. Pain 2013, 154, 1831–1839.

45. Zmyj, N.; Witt, S.; Weitkämper, A.; Neumann, H.; Lücke, T. Social Cognition in Children Born
Preterm: A Perspective on Future Research Directions. Front. Psychol. 2017, 8, 455.

46. Tofani, M.; Mustari, M.; Tiozzo, E.; Dall’Oglio, I.; Morelli, D.; Gawronsky, O.; Salata, M.;
Cantonetti, L.; Castelli, E.; Di Lallo, D.; et al. The development of the International Classification of
Functioning, Disability and Health for Child and Youth (ICF-CY) Core Sets: A systematic review.
Disabil. Rehabil. 2022, 1–10.

47. Rodríguez, G.M.; Bagner, D.M.; Graziano, P.A. Parent Training for Children Born Premature: A
Pilot Study Examining the Moderating Role of Emotion Regulation. Child Psychiatry Hum. Dev.
2013, 45, 143–152.

48. Bagner, D.M.; Sheinkopf, S.J.; Vohr, B.R.; Lester, B.M. Parenting Intervention for Externalizing
Behavior Problems in Children Born Premature: An Initial Examination. J. Dev. Behav. Pediatr.
2010, 31, 209–216.

Retrieved from https://encyclopedia.pub/entry/history/show/107208


