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ABSTRACT
Aim: To investigate the relationship between executive functioning and social and perinatal
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risk factors in four- to five-year-old preterm children.
executive function (EF) tests prior to starting kindergarten, 141 children born preterm
(<33 weeks of gestation) and 77 term comparison children were assessed. Parental and
teacher reports of executive functioning were completed when the children commenced
kindergarten. The preterm and the term comparison groups were compared on measures
of intelligence and EFs using independent-groups t-tests, and multivariate regression
analyses were performed to identify factors predictive of intelligence and executive
functioning in the preterm group.
Results: The preterm group performed significantly more poorly than the comparison
group on all intelligence and EF tests. The parental reports of the preterm and term
comparison children’s EF did not differ significantly, but the teachers reported elevated EF
difficulties for the preterm group. Higher social risk, in particular lower educational level of
the main caregiver, was the strongest predictor for the preterm children’s intelligence and
EF results.
Conclusion: Social risk factors are strongly associated with impaired early EF outcomes in
preterm children.

BACKGROUND
Preterm birth is defined as birth occurring before 37 weeks’
gestation (1). It is known that school-age children born
preterm are at increased risk of cognitive problems compared to their full-term peers, including executive function
(EF) difficulties (2,3). EFs, such as working memory, selfcontrol, cognitive flexibility and organisational skills, form
an important basis of successful entry to school. In fact, it
has been reported that EFs are more strongly associated
with school readiness than is general intelligence (IQ) (4).
Nevertheless, many preterm children are not routinely
monitored in terms of their development, and when it does
occur, surveillance is often limited to the first couple of
years of preterm children’s lives. This is largely due to lack

of resources, but also a limited understanding of the
persistence of higher order cognitive difficulties, which
can occur despite acceptable developmental progress in
infancy.
Given the importance of EFs for the transition to school
in preterm children, the early detection of children at high
risk of EF difficulties has implications for surveillance and
early intervention. There are numerous early medical and
demographic factors that may help identify high-risk children, including gestational age, male sex, higher social risk
and neonatal complications associated with longer hospital
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Preterm children are at a higher risk of developing
executive function difficulties than their full-term peers.
Social risk and, especially, main carer education level
are key predictors for cognitive and executive function
difficulties at school-entry for preterm children.
Further studies investigating preventive and remedial
strategies to address differences in cognitive outcomes
between preterm and full-term children are warranted.
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stays (e.g. brain injury and infections). While previous
research has demonstrated that these factors predict
school-age cognitive outcomes (5–8), it is less clear whether
they are predictive of preschool general intelligence and
executive functioning. Some researchers have found associations between medical/demographic factors and EF in
preschool populations (e.g. 9,10), but these studies have
often used less well-known tasks, rather than standardised
assessment tools. It is important to gain a better understanding how we can utilise both the knowledge of medical
and demographic risk factors and clinical assessment
results to identify children most at risk. Early identification
of children at risk of EF and cognitive deficits allows for
intervention and remediation prior to school-entry, thereby
potentially reducing adverse effects on educational and
academic attainment.
The main aim of this study was to examine the association of social and perinatal risk factors with cognitive
functioning in preschoolers born preterm, with a focus on
executive functioning. We measured a range of EF components and utilised both performance-based and questionnaire outcomes. On the basis of previous findings with
school-aged children, we hypothesised that earlier gestational age, higher social risk, male sex and longer hospital
stay would be predictive of lower IQ and poorer executive
functioning. An additional aim was to assess the magnitude
of the cognitive deficits in the preterm group by comparing
them to a term comparison group.

PARTICIPANTS AND ASSESSMENT PROCESS
Preterm children eligible for this study were born at less
than 33 weeks’ gestation and cared for at the Royal Hobart
Hospital (RHH) (n = 184) in 2007–2009. After University
ethics committee approval, 141 children (77%) were
recruited from the routine follow-up of preterm infants
offered by the RHH Neonatal Intensive Care Unit Followup Clinic as close as possible to their fourth birthday. As
this study had a strongly clinical focus, age was not
corrected for prematurity. In clinical practice, age is
corrected for prematurity up to two to three years but not
beyond (11), and generally there is no extra consideration
for degree of prematurity in the education system. Ten
children were not contactable or had moved away, six
declined to participate in the study and 27 did not attend
after multiple reminders. The mean gestational age of the
participating preterm children was 29.69 weeks (range
23.6–32.5 weeks), and none had congenital syndromes.
Children who could not participate in subtests due to
significant global delay or sensorimotor issues (n = 5) were
given the minimum score on those subtests.
The four- to five-year-old comparison group participants
(N = 77) were recruited from local schools (prekindergarten groups and kindergarten, that is prior to compulsory
formal schooling) and by advertising at the RHH. All were
born at or over 38 weeks’ gestation and had no diagnosed
disabilities. The preterm and comparison groups were
matched for the age at the time of the questionnaire
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completion, sex distribution and social risk. However, the
preterm group was younger at the time of the performance-based assessment. This was partly mitigated by
using age-standardised scores or controlling for age.
Table 1 shows the preterm group and comparison group
characteristics.
The children’s socioeconomic risk was determined by a
social risk index (12). The six risk factors are maternal age
at the time of birth, family structure, main carer education
level, main income earner occupation, main income earner
employment status and language spoken at home, all of
which have a risk scale from 0 (low risk) to 2 (high risk).
The total score was calculated by combining the six factors.
We used the length of hospital stay as an overall indicator of
medical risk. There were insufficient numbers in this study
to compare separate medical complications such as brain
injury or infections.

PERFORMANCE-BASED ASSESSMENT (FOUR YEARS)
At four years, the preterm children underwent performance-based intellectual and EF assessment. General
intelligence was assessed with the Wechsler Preschool and
Primary Scale of Intelligence, 3rd edition (WPPSI-III) (13),
and the cognitive functioning of the preterm and comparison group was compared with the subtests of Block Design,
Matrix Reasoning, Information and Coding. Due to logistical issues, a small number of term comparison children
(n = 9) were older than four years when completing the
performance-based assessments.
To assess executive functioning, subtests from the Developmental Neuropsychological Assessment battery (NEPSYII; 14) were administered to both groups (narrative memory
recall, sentence recall and word generation), along with the
Shape School Task (15) and the Day–Night Stroop (16). The
Shape School Task is a measure of inhibition, switching set
and combination of both skills. It is a storybook-like
assessment tool for preschoolers with human-like coloured
shape figures. In condition A (control measure for baseline
naming speed), the child is told that the figure’s name is the
colour, and the child has to say the name (colour) as quickly
as possible without making any errors. In condition B
(switch), the figures have both happy and sad faces. The
child is told to name only the shape of the figures that are
happy and inhibit saying the names of the sad shapes. In
conditions C and D, some figures are wearing hats. In
condition C, the child has to say the colour of the figures
with hats and the shape for figures without hats, measuring
cognitive shifting. Both conditions B and C require keeping
two rules in mind, placing demands on working memory.
The Day–Night Stroop can be used with young children to
measure switching and inhibition abilities. In this test, the
child is required to say ‘day’ when presented a page showing
a night-time sky and ‘night’ when shown a picture of a sun
(16 trials). The WPPSI-III and NEPSY-II provide standardised age norms. For the Day–Night and Shape School tasks,
we used raw scores, but age-controlled scores when comparing the preterm and term groups.
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Table 1 Preterm and control group characteristics

Boys, n (%)
Girls, n (%)
Age (months)at IQ/EF assessment (mean, range)†
Age (months) at parent questionnaires (mean, range)
Age (months) at teacher questionnaires (mean, range)
Social risk index (the below risks combined)
Maternal age‡
Family structure‡
Main carer education level‡
Main income earner occupation‡
Main income earner work status‡
Language spoken at home‡

Preterm

Comparison

t

70 (49.6)
71 (50.4)
49.10 (48–58)
58.33 (48–66)
58.40 (48–68)
M
2.98
0.17
0.36
1.03
1.01
0.63
0.07

45 (58.4)
32 (41.6)
54.86 (48–67)
57.35 (48–64)
58.41 (48–68)
M
3.26
0.03
0.42
0.90
1.03
0.81
0.07

1.55
1.55
11.40***
2.18
0.41
t
0.74
3.94***
0.54
1.20
0.14
1.42
1.57

SD
2.61
0.38
0.75
0.75
0.91
0.85
0.12

SD
2.62
0.16
0.71
0.82
0.85
0.81
0.34

***p < 0.001.
†
Scaled scores/scores adjusted by age utilised for comparison.
‡
Social risk scores scaled 0(low)-2(high), for example maternal age <18 years = 2, 18–21 years = 1, >21 years = 0.

QUESTIONNAIRE ASSESSMENT (FOUR TO FIVE YEARS)
The year following the performance-based cognitive assessment, when the preterm children were four to five years old
and had started kindergarten, their parents and teachers
were sent the Behavior Rating Inventory of Executive
Function–Preschool Version questionnaires (BRIEF-P; 17).
This is a rating scale developed to measure everyday
behaviours associated with specific areas of executive
functioning in children aged two to five years. It has five
subscales: Inhibit, Shift, Emotional Control, Working
Memory and Plan/Organize. The scales have three summary indexes: the Inhibitory Self-Control Index, the
Flexibility Index and the Emergent Metacognition Index.
Age-standardised scores were used in the study. The
questionnaires were not provided at the time of the
performance-based assessments as the children were not
yet at school and we wanted concurrent reports from parents
and teachers. Parents and teachers of both groups were
informed that the study’s aim was to compare the higher
cognitive functioning of preterm and term children. While
the teachers were not specifically informed if the child was
born preterm, they may have had that knowledge. The
teacher questionnaires were completed three to five months
after the start of the school year. We had high return rates:
95% of parent and 75% of teacher questionnaires.

RESULTS
Between-group comparisons (preterm vs comparison) on
standardised measures of IQ and EF were assessed on all
measures using independent-groups t-tests, with Bonferroni
correction for multiple comparisons and controlling for the
effects of age where necessary. The preterm group performed significantly more poorly than the comparison
group in all intelligence and EF tests (effect size g = 0.49
to 1.5; see Table 2). As standardised scores are not available
for the Day–Night and Shape School tasks, analyses of
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covariance were performed, controlling for age. All statistical differences persisted (Table 2). Based on parental
report, there were no significant group differences on the
BRIEF-P (g = 0.00 to 0.24). However, the teachers reported
elevated difficulties for the preterm group on several
subscales: inhibition, working memory, planning/organisational skills, self-control and overall emergent metacognitive skills (g = 0.42 to 0.64; see Table 3).
Simultaneous multiple regression analysis was used to
examine factors that may predict IQ and EF in the preterm
group (gestational age, birthweight, social risk, sex and
length of hospital stay; see Appendices S1–S3). Due to issues
of multicollinearity, we assessed the effects of gestational age
and length of stay separately, using two regression models.
Gestational age is a well-known predictor for outcomes of
preterm children, but length of stay in hospital had the
highest number of correlations with the IQ and EF
outcomes in our study. Thus, we first investigated the
associations of gestational age, sex and overall social risk
level with the cognitive and EF outcome measures by using
simultaneous regression analysis. Next, we used the length
of hospital stay instead of gestational age. Higher social risk
was independently associated with all intellectual measures
(standardised b = 0.22 to 0.52), performance-based EF
assessment results (standardised b = 0.24 to 0.42) and
most parent and teacher questionnaire results in both
models (standardised b = 0.30 to 0.51). Male sex independently predicted poorer outcome on four mainly verbal
subscales on the WPPSI-III, lower verbal and full scale IQ
and memory (standardised b = 0.16 to 0.32). Gestational
age was independently associated with only five of 18
performance-based measures (mainly those including naming and processing speed; standardised b = 0.16 to 0.25),
and it had some association with the questionnaire scores
(standardised b = 0.24 to 0.38). Length of hospital stay
was independently associated with some IQ measures
(standardised b = 0.17 to 0.30), two performance-based
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Table 2 Intelligence and executive function assessment
Preterm (n = 141)

WPPSI-III
Block design†
Information†
Matrix reasoning†
Coding†
NEPSY-II
Narrative recall†
Sentence recall†
Word generation†
Day-night efficiency‡
(adjusted by age)
Shape A Efficiency‡
(adjusted by age)
Shape B Efficiency‡
(adjusted by age)
Shape C Efficiency‡
(adjusted by age)

Comparison (n = 77)

M

SD

M

SD

8.11
9.05
8.47
7.05

3.17
4.10
3.17
3.55

10.55
11.05
10.46
10.95

3.10
2.64
2.91
2.37

5.23
7.21
8.04
0.18
0.18
0.55
0.58
0.44
0.46
0.18
0.19

2.33
3.86
3.38
0.12
0.02
0.24
0.03
0.22
0.03
0.09
0.01

8.77
11.25
12.07
0.37
0.37
0.78
0.73
0.66
0.63
0.28
0.28

3.25
2.90
2.34
0.15
0.02
0.28
0.04
0.30
0.04
0.12
0.02

t/F*

p

df

g

4.82
3.96
4.03
8.72

<0.001
<0.001
<0.001
<0.001

184
152
184
149

0.77
0.54
0.64
1.20

8.17
7.40
9.08
8.60
37.2
5.30
6.15
4.73
8.67
5.00
12.2

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.014
<0.001
0.004
<0.001
0.001

170
129
140
136
136
145
145
135
135
116
116

1.35
1.12
1.29
1.50
0.95
0.49
0.44
0.88
0.50
0.92
0.59

*F-values provided for age-adjusted scores, analysed by ANCOVA.
†
Scaled scores.
‡
Raw scores.

Table 3 Parent and teacher reporting of executive functioning (BRIEF-P, scaled scores)
Preterm
M
Parents
Inhibit
Shift
Emotional control
Working memory
Plan/Organize
Self-control
Flexibility
Emergent metacognitive
Teachers
Inhibit
Shift
Emotional control
Working memory
Plan/Organize
Self-control
Flexibility
Emergent metacognitive

(n = 81)
52.50
49.63
50.90
55.48
51.62
51.88
49.99
54.23
(n = 105)
50.92
47.48
46.15
54.09
52.92
48.86
46.92
53.87

Comparison
SD

12.06
11.15
12.69
15.61
13.97
13.18
12.62
15.64
11.89
9.11
7.31
12.34
14.13
10.14
8.57
13.50

M

SD

(n = 49)
51.00
47.98
50.65
52.04
51.61
50.04
49.06
51.61
(n = 46)
45.43
45.83
45.46
47.00
45.20
44.65
44.83
46.11

EF measures (standardised b = 0.24 to 0.25) and some
reported EF difficulties (standardised b = 0.22 to 0.37). To
investigate social risk in more detail, we conducted a further
multiple regression analysis in which we entered all the
separate social risk factors simultaneously. The analysis
indicated that the main carer education level was the
strongest predictor for EF (standardised b = 0.22 to 0.40).

t

p

df

g

11.37
8.62
11.69
11.68
13.12
11.07
10.69
12.38

0.71
0.89
0.11
1.33
0.00
0.82
0.43
1.06

0.478
0.376
0.912
0.155
0.998
0.416
0.669
0.293

128
128
128
122
128
128
128
119

0.13
0.16
0.02
0.24
0.00
0.15
0.08
0.18

8.80
7.01
7.39
7.57
8.76
9.49
7.35
7.95

2.81
1.09
0.54
4.32
4.09
2.39
1.44
4.40

0.006
0.276
0.592
<0.001
<0.001
0.018
0.151
<0.001

149
149
149
132
132
149
149
136

0.50
0.19
0.09
0.64
0.60
0.42
0.25
0.64

DISCUSSION
The current study aimed to identify predictors of EF
difficulties in school-entry preterm children. The preterm
group performed significantly more poorly than the term
comparison group on direct measures of IQ and EF. These
results are similar to those reported in older preterm
children (2,18). This robust finding supports our premise
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that cognitive difficulties in preterm children are evident at
preschool age and emphasises the need to develop preventive and remedial measures to reduce the discrepancy
between preterm and full-term children. However, there
were conflicting results between parents and teachers who
rated executive functioning in everyday settings. Specifically, the parents in the preterm group and the parents in
the comparison group reported their children as having
similar rates of difficulty. In contrast, the teachers of the
preterm children reported the children as having more
difficulties with inhibition, working memory, planning/
organisational skills and self-control than did the teachers
of the comparison group. A possible explanation for this
discrepancy is that parents of the preterm children may
feel encouraged by the early developmental outcomes of
their children, who may have been given initially a
cautious or negative prognosis, and thus, they may overestimate the higher-level cognitive abilities of their children. Alternatively, EF difficulties may not be evident in
the preterm four- to five-year-olds at home, but they may
be more evident in the school setting in which children are
required to be more focussed and organised and to comply
with group rules and instructions. The teachers may be
more perceptive of mild cognitive and behavioural
difficulties than parents, given teachers’ more extensive
experience.
Contrary to our expectations, only social risk was
strongly associated with all EFs. Low educational level of
the main caregiver (i.e. less than 11 years of education) was
the strongest social predictor of poorer EF. This finding is
in agreement with general population studies of children
from higher social risk backgrounds having less proficient
EFs (6,19), and with reports that socio-economic environment has a greater impact on cognitive outcomes than the
genetic profile of the child (20). There is some previous
evidence of lower parental education level impacting
negatively on the development of children’s EFs (21,22),
with the current study contributing in this regard. However,
more studies are needed, especially in the preterm
preschoolers, to investigate the association. Also, we did
not assess the intellectual and executive functioning of the
caregivers of the children in the current study. Such further
research could clarify how much impact the genetically
inherited intellectual capacity and the caregivers’ EF skills
may have on the development of preterm children’s EFs
compared to other social, medical and educational factors.
We did not separately control the preterm children’s IQ as
IQ overlaps with EF, and using it as a covariate can
produce overcorrected findings about neurocognitive function (23).
Unexpectedly, gestational age and the length of hospital
stay were not independent predictors of EF difficulties in
our preterm group. Many studies have shown that the risk
of developmental and cognitive difficulties increases with
decreasing gestational age (5,24). Nevertheless, some
researchers have not found gestational age to be such a
strong predictor (25,26). While gestational age has been
shown to have a clear association with survival rates and
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severe neurodevelopmental delays of preterm children, it is
possible there is more variability in how the gestational age
impacts on higher cognitive processes, especially in younger
children. Commonly recognised risk factors such as gestational age, medical complications and sex of a child cannot
be modified. However, our findings offer a more positive
message for parents of preterm children and professional
working with them: there are other factors, such as social
risk, that can be possibly be mitigated, providing better
outcomes for preterm children.
The question remains as to whether children born in
recent decades have a different outcome to the children
born in the previous century, due to improvements in
medical and therapeutic care. It should be noted that all
preterm children in our study had access to regular
medical/allied health surveillance and free preschool educational/allied health therapies provided by the state.
Further studies on the effect of preterm child follow-up
and associated interventions could strengthen understanding of its relevance to EF outcomes.
In summary, these results emphasise the importance of
the social environment on the development of preterm
preschoolers’ EFs. There is a need for research examining
why the children from families at greater social risk have
poorer outcomes, to enable the establishment of possible
interventions to assist these vulnerable children. There are
psychosocial, parenting and educational intervention programmes that have been shown to have a positive impact on
cognitive and behavioural development and to improve
executive functioning of children living in high social risk
families in general populations (27,28). Nevertheless, intervention programmes aiming to improve the cognitive and
EF outcomes of preterm children have not generally been
proven to have long-term effects (29,30). There is a clear
need for more effective identification of higher-level cognitive difficulties prior to preterm children entering school,
especially when they come from families with high social
risk. Such identification would allow for intervention,
remediation and support prior to school-entry, thereby
reducing potential effects on educational and academic
attainment.

ACKNOWLEDGEMENTS
Dr Tony De Paoli, Director and Staff Specialist Neonatologist (Neonatal & Paediatric Intensive Care Unit, RHH),
provided valuable support and advice for this research
project.

FUNDING
This study was supported by Starter and Clinical Research
grants from the Royal Hobart Hospital Research Foundation research grant scheme.

CONFLICT OF INTEREST STATEMENT
There is no conflict of interest.

©2017 Foundation Acta Pædiatrica. Published by John Wiley & Sons Ltd 2017 106, pp. 1468–1473

O’Meagher et al.

ETHICS COMMITTEE APPROVAL
This study was approved by the Tasmanian Human
Research Ethics Committee (H0011567) and the Tasmanian Social Science Ethics Committee (H0014174).

References
1. Goldenberg RL, Culhane JF, Iams JD, Romero R. Epidemiology
and causes of preterm birth. Lancet 2008; 371: 75–84.
2. Anderson PJ, Doyle LW. Executive functioning in school-aged
children who were born very preterm or with extremely low
birth weight in the 1990s. Pediatrics 2004; 114: 50–7.
3. Mulder H, Pitchford NJ, Hagger MS, Marlow N.
Development of executive function and attention in preterm
children: a systematic review. Dev Neuropsychol 2009; 34:
393–421.
4. Blair C, Razza RP. Relating effortful control, executive function,
and false belief understanding to emerging math and literacy
ability in kindergarten. Child Dev 2007; 78: 647–63.
5. Beaino G, Khoshnood B, Kaminski M, Marret S, Pierrat V,
Vieux R, et al. Predictors of the risk of cognitive deficiency in
very preterm infants: the EPIPAGE prospective cohort. Acta
Paediatr 2010; 100: 370–8.
6. Bhutta AT, Cleves MA, Casey PH, Cradock MM, Anand KJS.
Cognitive and behavioral outcomes of school-aged children
who were born preterm. JAMA 2002; 288: 728–37.
7. Hintz S, Kendrick D, Vohr B, Kenneth Poole W, Higgins R.
Gender differences in neurodevelopmental outcomes among
extremely preterm, extremely-low-birthweight infants. Acta
Paediatr 2006; 95: 1239–48.
8. Taylor HG, Klein N, Drotar D, Schluchter M, Hack M.
Consequences and risks of under 1000-g birth weight for
neuropsychological skills, achievement, and adaptive
functioning. J Dev Behav Pediatr 2006; 27: 459–69.
9. Aarnoudse-Moens CH, Smidts DP, Oosterlaan J,
Duivenvoorden HJ, Weisglas-Kuperus N. Executive function in
very preterm children at early school age. J Abnorm Child
Psychol 2009; 37: 981–93.
10. Clark CA, Woodward LJ, Horwood LJ, Moor S. Development
of emotional and behavioral regulation in children born
extremely preterm and very preterm: biological and social
influences. Child Dev 2008; 79: 1444–62.
11. Engle WA. American Academy of Pediatrics Committee on
Fetus and Newborn. Age terminology during the perinatal
period. Pediatrics 2004; 114: 1362–4.
12. Roberts G, Howard K, Spittle AJ, Brown NC, Anderson PJ,
Doyle LW. Rates of early intervention services in very preterm
children with developmental disabilities at age 2 years.
J Pediatr Child Health 2008; 44: 276–80.
13. Wechsler D. The Wechsler Preschool and Primary Scale of
Intelligence. 3rd ed. Marrickville: PsychCorp, 2002.
14. Korkman M, Kirk U, Kemp S, Psychological Corporation.
NEPSY-II. 2nd ed. San Antonio: PsychCorp, 2007.
15. Espy KA. The shape school: assessing executive function in
preschool children. Dev Neuropsychol 1997; 13: 495–9.
16. Gerstadt CL, Hong YJ, Diamond A. The relationship
between cognition and action: performance of children 3" 7 years old on a Stroop-like day-night test. Cognition 1994;
53: 129–53.
17. Gioia GA, Espy KA, Isquith PK. Behavioral Rating Inventory of
Executive Function-Preschool Version (BRIEF-P). Lutz, FL:
Psychological Assessment Resources, Inc., 2003.

Executive functions of young preterm children

18. Merz EC, McCall RB. Parent ratings of executive functioning in
children adopted from psychosocially depriving institutions.
J Child Psychol Psychiatry 2011; 52: 537–46.
19. Hackman DA, Farah MJ. Socioeconomic status and the
developing brain. Trends Cogn Sci 2009; 13: 65–73.
20. Turkheimer E, Haley A, Waldrom M, D’Onofrio B, Gottesman
II. Socioeconomic status modifies heritability of IQ in young
children. Psychol Sci 2003; 14: 623–8.
21. Ardila A, Rosselli M, Matute E, Guajardo S. The influence of
the parents’ educational level on the development of executive
functions. Dev Neuropsychol 2005; 28: 539–60.
22. Voss W, Jungmann T, Wachtendorf M, Neubauer AP. Longterm cognitive outcomes of extremely low-birth-weight infants:
the influence of the maternal educational background. Acta
Paediatr 2012; 101: 569–73.
23. Dennis M, Francis DJ, Cirino PT, Schachar R, Barnes MA,
Fletcher JM. Why IQ is not a covariate in cognitive studies of
neurodevelopmental disorders. JINS 2009; 15: 331–43.
24. Kerstjens JM, de Winter AF, Bocca-Tjeertes IF, Bos AF,
Reijneveld SA. Risk of developmental delay increases
exponentially as gestational age of preterm infants decreases: a
cohort study at age 4 years. Dev Med Child Neurol 2012; 54:
1096–101.
25. Andrews B, Lagatta J, Chu A, Plesha-Troyke S, Schreiber M,
Lantos J, et al. The nonimpact of gestational age on
neurodevelopmental outcome for ventilated survivors born at
23-28 weeks of gestation. Acta Paediatr 2012; 101: 574–8.
26. Bos AF, Roze E. Neurodevelopmental outcome in preterm
infants. Dev Med Child Neurol 2011; 53: 35–9.
27. Hertzman C, Wiens M. Child development and long-term
outcomes: a population health perspective and summary of
successful interventions. Soc Sci Med 1996; 43: 1083–95.
28. Lowell DI, Carter AS, Godoy L, Paulicin B, Briggs-Gowan MJ.
A randomized controlled trial of Child FIRST: a
comprehensive home-based intervention translating research
into early childhood practice. Child Dev 2011; 82: 193–208.
29. Spittle A, Orton J, Anderson PJ, Boyd R, Doyle LW. Early
developmental intervention programmes provided post
hospital discharge to prevent motor and cognitive impairment
in preterm infants. Cochrane Database Syst Rev 2015; 11:
CD005495.
30. Verkerk G, Jeukens-Visser M, Houtzager B, Koldewijn K, van
Wassenaer A, Nollet F, et al. The infant behavioral assessment
and intervention program in very low birth weight infants;
outcome on executive functioning, behaviour and cognition at
preschool-age. Early Hum Dev 2012; 88: 699–705.

SUPPORTING INFORMATION
Additional Supporting Information may be found in the
online version of this article:
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