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Developmental follow-up of children and young people born preterm
Introduction

Introduction

This guideline focuses on the specialist developmental support and surveillance needed for
the early identification of developmental problems and disorders in children born preterm.

The proportion of babies born preterm in the UK, defined as birth before 37 weeks’ gestation,
has remained steady for several years at 7.4%. In 2014 this amounted to 48,985 from a total
of 656,957 live births, of which 2438 (5% of preterm births and 0.4% of all births) were before
28 weeks' gestation.

Preterm birth is associated with an increased risk of developmental problems and disorders.
These include developmental challenges, physical, sensory, cognitive and learning
disorders, and emotional and behavioural problems. These may extend into adolescence
and, in some cases, be lifelong. In particular, the risk and prevalence of impairments that
affect educational attainment rise sharply in children born before 28 weeks' gestation.
Although most major disorders are detectable in the first 2 years of life, several
developmental disorders and problems, particularly those that have an impact on the child's
ability to participate and on their educational attainment, may not be apparent until they are
older.

Identifying developmental problems and disorders in all children (born preterm or at term) is
currently through the Healthy Child Programme, which incorporates nationally approved
population screening programmes recommended by Public Health England. This guideline
aims to improve the identification of developmental problems and disorders in children born
preterm by setting standards for follow-up. This is expected to improve outcomes for these
children by reducing variation in follow-up and enabling benchmarking of neonatal care.
Developmental surveillance up to and at 2 years (corrected age) is recommended for
identifying major problems and disorders. A later developmental assessment for children at
high risk aims to identify problems that are more apparent at school age, with a view to
supporting education plans for the child.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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1+ Guideline summary
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1.21 Developmental support and surveillance algorithm

Developmental support and surveillance

Enhanced Routine
Children born between 30*°
and 36*¢ weeks’ gestation who

Children born between are at increased risk of

28*° and 30*° weeks’ developmental problems or
Time Children born before 28+0 weeks’ gestation gestation disorders’ All Children born before 37+ weeks
Birth through 2  Enhanced developmental support from a single point of contact within the neonatal service, whom parents and carers can contact Routine postnatal care and support as
years after discharge described in NICE guideline on

(corrected age) Tailored support provided using a range of approaches which may include face-to-face meetings, in the clinic or home, a telephone  postnatal care up to 8 weeks after birth
helpline, or electronic communication

Minimum of 2 face-to-face follow-up visits to review any developmental concerns Surveillance from the Healthy Child
Age 2 Developmental assessment: Programme

(corrected age) -checks for any developmental problems or disorders (including check for global developmental delay using the PARCA-R)
-ensure checks of vision and hearing have been carried out in line with national recommendations
Age 4 Developmental assessment should: Surveillance from the Healthy Child Programme
-be conducted by professionals with appropriate skills
-take into account information provided by parent or carers
-include a review of previous assessments and information from
all other relevant sources
-include checks for developmental problems and disorders use:
- the Strengths and Difficulties Questionaire (SDQ) to
check for social, attentional, emotional and
behavioural problems
- as a minimum, the Wechsler Preschool and Primary
Scales of Intelligence 4th Edition (WPPSI) test,
including subscales for verbal comprehension, visual
spatial skills, fluid reasoning, working memory and
processing speed:
- if the WPPSI is not suitable (for example, because of
sensory or motor impairment), use a suitable
alternative.
-ensure that children born preterm who are having a 4-year
developmental assessment have been offered orthoptic vision
screening as recommended by the National Screening
Committee
! Risk factors include: a brain lesion on neuroimaging likely to be associated with developmental problems or disorders (for example, grade 3 or 4 intraventricular haemorrhage or cystic
periventricular leukomalacia), grade 2 or 3 hypoxic ischaemic encephalopathy, neonatal bacterial meningitis, herpes simplex encephalitis, . Consider providing enhanced developemental
support for children who do not have any of the above risk factors but who are thought, using clinical judgement, to be at risk, taking into account the presence and severity of risk factors.

Aewwns auijgping
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1.31 Recommendations

2
3 1. Be aware that children born preterm are at increased risk of
4 developmental problems and disorders.
5 2. Be aware that for recommendations in this section:
6 . for some developmental problems and disorders there was an
7 absence of evidence about overall risk and prevalence in
8 children born preterm, and some papers included specific
9 gestational ages at birth from which the committee was unable
10 to extrapolate to other gestational ages
11 o for some developmental problems and disorders the evidence
12 was underpowered to detect an effect
13 J other gestational ages and other factors not listed here might
14 also be associated with increased risk of developmental
15 problems and disorders.
16 3. Be aware that children born preterm are at increased risk of cerebral
17 palsy, and that:
18 o the following are independent risk factors:
19 0 grade 3 or 4 intraventricular haemorrhage
20 0 cystic periventricular leukomalacia
21 o neonatal sepsis
22 o bronchopulmonary dysplasia for which mechanical ventilation
23 was still needed at 36 weeks’ postmenstrual age
24 0 antenatal steroids not given
25 o postnatal steroids given to babies born before 32+0 weeks'
26 gestation
27 o prevalence increases with decreasing gestational age.
28 See also the NICE guideline on cerebral palsy in children and young
29 people under 25.
30 4. Be aware that children born preterm are at increased risk of motor
31 problems, and that the following are independent risk factors:
32 o brain lesions (for example, grade 3 or 4 intraventricular
33 haemorrhage, periventricular leukomalacia, infarct)
34 o necrotising enterocolitis that needed surgery
35 o neonatal sepsis
36 o severe retinopathy of prematurity.
37 5. Be aware that there is increased prevalence of developmental
38 coordination disorder in children born preterm compared with the general
39 population.
40 6. Be aware that children born preterm are at increased risk of intellectual
41 disability, and that:
42 o the following are independent risk factors:
43 0 grade 3 or 4 intraventricular haemorrhage

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Developmental follow-up of children and young people born preterm
Guideline summary

10.

11.

12.

o cystic periventricular leukomalacia
o neonatal sepsis in babies born before 28+0 weeks’ gestation

o necrotising enterocolitis that needed surgery in babies born
before 33+0 weeks’ gestation

o bronchopulmonary dysplasia for which mechanical ventilation
was still needed at 36 weeks’ postmenstrual age in babies born
before 28+0 weeks’ gestation

o severe retinopathy of prematurity in babies born before 28+0
weeks’ gestation

o small for gestational age

o) postnatal steroids given to babies born before 33+0 weeks’
gestation

o mother from a low-income or disadvantaged background
o prevalence increases with decreasing gestational age.

Be aware that children born preterm are at increased risk of having
special educational needs, and that the following are independent risk
factors:

o brain lesions detected by ultrasound

° male sex.

Be aware that children born preterm are at increased risk of low
educational attainment at the end of the early years foundation stage and
at key stage 1, and that:

o prevalence of low educational attainment increases with
decreasing gestational age

o there is increased risk of low attainment for reading and
numeracy in children born before 26+0 weeks’ gestation

o the following are independent risk factors for delayed numeracy
in children born before 32+0 weeks' gestation:

o intracranial haemorrhage

o bronchopulmonary dysplasia for which mechanical ventilation
was still needed at 36 weeks’ postmenstrual age.

Be aware that children born before 33+0 weeks’ gestation are at
increased risk of symptoms of hyperactivity, impulsivity and particularly
inattention at preschool and school ages.

Be aware that children born before 28+0 weeks' gestation are at
increased risk of ADHD, and that male sex is an independent risk factor.

Be aware that children born before 28+0 weeks’ gestation are at
increased risk of symptoms of social communication impairment, which
may suggest a problem in the autism spectrum.

Be aware that children born preterm are at increased risk of autism
spectrum disorder, and that:

o the following are independent risk factors:

o intracranial haemorrhage in babies born before 34+0 weeks’
gestation

o) male sex

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Developmental follow-up of children and young people born preterm
Guideline summary

13.

14.

15.

16.

17.

18.

19.

20.

21.

o prevalence increases with decreasing gestational age.

Be aware that children born preterm are at increased risk of emotional
and behavioural problems, particularly internalising behaviours and
passivity, at preschool and primary school ages, and that the following
are independent risk factors:

o major brain lesions (for example, periventricular leukomalacia,
parenchymal lesions)

o mother with mental health problems
o mother younger than 25 years
o mother from a low-income or disadvantaged background.

Be aware that children born preterm are at increased risk of speech,
language and communication problems and disorders, and that the
following are independent risk factors for language disorder :

o grade 3 or 4 intraventricular haemorrhage
o cystic periventricular leukomalacia
o male sex.

Be aware that children born preterm are at increased risk of oro-motor
feeding problems, and that this increased risk persists until at least 6
years of age in children born before 26+0 weeks.

Be aware that children born preterm are at increased risk of sleep apnoea

up to 6 years of age.

Be aware that the prevalence of visual impairment increases with
decreasing gestational age in children born preterm, and that the
following are independent risk factors:

o grade 3 or 4 intraventricular haemorrhage with a shunt
o neonatal sepsis in babies born before 33+0 weeks’ gestation
o retinopathy of prematurity requiring treatment.

Be aware that the prevalence of hearing impairment increases with
decreasing gestational age in children born preterm, and that neonatal
sepsis is an independent risk factor in babies born before 28+0 weeks’
gestation.

Be aware that children born before 32+0 weeks’ gestation are at
increased risk of executive function problems at preschool and school
ages.

Be aware that children born preterm are at increased risk of
developmental problems, and that the following are independent risk
factors:

o small for gestational age

o male sex

o mother from a low-income or disadvantaged background
o black, Asian or other minority ethnic group

o multiple pregnancy.

Provide information about the risk and prevalence of developmental
problems and disorders to parents or carers of preterm babies, and
discuss this with them.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Developmental follow-up of children and young people born preterm
Guideline summary

22.

23.

24.

25.

26.

27.

28.

29.

30.

Provide information to parents or carers of preterm babies that is tailored
to their individual circumstances, taking into account:

o their child’s potential developmental needs
o their level of education

o any social care needs they have

o any cultural, spiritual or religious beliefs.

o the need for consistency in information sharing among healthcare
professionals

Follow the principles in the NICE guideline on patient experience in NHS
services in relation to communication (including different formats and
languages), information and shared decision-making.

Provide emotional and psychological support as needed to parents or
carers of preterm babies.

Provide information to parents or carers of preterm babies about
opportunities for peer support.

Before discharging a preterm baby:
o agree a discharge plan with the parents or carers

o ensure that the discharge plan includes clear information about
any antenatal and perinatal risk factors for developmental
problems and disorders (see section 4.3)

o share the discharge plan with parents or carers and with primary
and secondary healthcare teams.

Help parents or carers to gain the knowledge, skills and confidence they
need to look after their baby at home and support the baby’s
developmental needs, taking into account that they are likely to be
anxious about managing their baby’s care after discharge. This may
relate to:

o interaction with the baby
o managing feeding
o patterns of sleeping

o impact on day-to-day living, such as social isolation because of
fear of infection.

Involve the social support networks (which may include partners,
grandparents or other family members) of parents and carers of a baby
born preterm when planning discharge and during follow-up.

Explain to parents and carers at the time of discharge that their child’s
developmental (corrected) age, which is calculated from their original due
date (and not the date they were born), will be used for the first 2 years
when assessing their functional and developmental skills (such as
walking and talking).

Inform parents or carers of all preterm babies about the Healthy Child
Programme, which includes national recommendations for all children
about screening (for example, newborn hearing screening) and
surveillance (including social, emotional, behavioural and language
development).

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

12



0 N OO WN -

—
o ©

- A
AP ON -

_
(¢ ]

—_
~N O

NN -
- O OO

N N DN
A WO DN

WWNDNDNDNN
OO0 NO O,

W ww
AWN

W wWww
~N O O

B WW
O O

A~ B~ B
w N -

A D
(S F N

A~ b
~N O

Developmental follow-up of children and young people born preterm
Guideline summary

31.

32.

33.

34.

35.

36.

37.

38.

Inform parents or carers about the routine postnatal care and support
available as described in the NICE guideline on postnatal care up to 8
weeks after birth.

Healthcare professionals providing postnatal care and support in the
community for babies born preterm should have the skills and knowledge
to recognise and manage problems in these babies, including:

o providing feeding support
o addressing concerns about sleeping

o facilitating interaction between the parents or carers and the
baby.

Provide enhanced developmental support and surveillance by a
multidisciplinary team (see section 5.2.3) up to 2 years (corrected age) for
children born preterm who have, or are at increased risk of,
developmental disorders or problems, based on the following criteria:

o born before 30+0 weeks’ gestation or

o born between 30+0 and 36+6 weeks’ gestation and has or had 1
or more of the following risk factors:

0 a brain lesion on neuroimaging likely to be associated with
developmental problems or disorders (for example, grade 3 or 4
intraventricular haemorrhage or cystic periventricular
leukomalacia)

o grade 2 or 3 hypoxic ischaemic encephalopathy
o neonatal bacterial meningitis
o herpes simplex encephalitis in the neonatal period

Consider providing enhanced developmental support and surveillance by
a multidisciplinary team (see section 5.2.3) up to 2 years (corrected age)
for children born between 30*° and 36*% weeks’ gestation who do not
have any of the risk factors listed in section 5.2.1 but are thought, using
clinical judgement, to be at increased risk of developmental problems or
disorders in the first 2 years of life and taking into account the presence
and severity of risk factors (see recommendations 3-20)

Inform parents or carers of preterm babies who meet the defined criteria
about the arrangements for enhanced developmental support and
surveillance for their child.

Provide parents or carers of a preterm baby having enhanced
developmental support with a single point of contact within the neonatal
service for outreach care after discharge.

Use a range of approaches when providing enhanced developmental
support and tailor the support to take account of individual preferences
and needs. Approaches may include:

. face-to-face meetings, in clinics or in the home
o a telephone helpline
o electronic communication, for example by text message or email.

For all children born preterm who are having enhanced developmental
surveillance, provide:

o a minimum of 2 face-to-face follow-up visits in the first 2 years of
life and

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Developmental follow-up of children and young people born preterm

Guideline summary

a developmental assessment at 2 years (corrected age) (see
recommendation 43).

39. Ateach visit for a child born preterm who is having enhanced
developmental surveillance:

ensure that this is conducted by professionals with appropriate
skills (see recommendation 50 and 51)

ask parents or carers whether they have any concerns about
their child’s development

include checks for developmental problems and disorders (See
recommendation 40)

carefully assess and review any developmental concerns arising
either from parent or carer report or at the visit itself

correct for gestational age up to 2 years (corrected) when
assessing development

discuss any concerns with parents or carers

consider further investigation or referral if a developmental
problem or disorder is suspected or present

refer the child to the appropriate local pathway if needed.

40. Ateach visit for a child born preterm who is having enhanced
developmental surveillance up to 2 years (corrected age), and at the 4-
year assessment (for children born before 28+0 weeks; see
recommendation 46), check for signs and symptoms of problems and
disorders as appropriate, such as:

cerebral palsy (see recommendation 3)

global developmental delay

autism spectrum disorder (See recommendation 12)
visual impairment

hearing impairment

feeding problems

sleep problems

speech, language and communication problems
motor problems

attention, impulsivity and hyperactivity
emotional and behavioural problems

executive functional problems

special educational needs

41. Recognise the following as possible early motor signs of cerebral palsy:

delayed motor milestones, such as late sitting, crawling or
walking (correcting for gestational age)

unusual fidgety movements or other abnormalities of movement,
including asymmetry or paucity of movement

abnormalities of tone, including hypotonia (floppiness) or
spasticity (stiffness)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Guideline summary

o persisting feeding difficulties.

42. For guidance on recognising signs and symptoms of possible autism
spectrum disorder, see the NICE guideline on autism spectrum disorder
in under 19s: recognition, referral and diagnosis.

43. Provide a developmental assessment at 2-years (corrected age) for
children born preterm who are having enhanced developmental
surveillance. This assessment should include:

o all aspects listed in recommendation 39

. at a minimum, use the Parent Report of Children’s Abilities -
Revised (PARCA-R) to identify if the child is at risk of global
developmental delay, early intellectual disability or language
problems:

o if the PARCA-R is not suitable (for example, because of poor
English language comprehension or the child being outside the
validated age range of 22 to 26 months), use a suitable
alternative.

o ensuring that checks of vision and hearing have been carried out
in line with national recommendations.

44. If findings from the developmental assessment at 2 years (corrected age)
or 4 years (see recommendation 46), taking into account all of its
components, suggest any developmental problems or disorders:

o refer the child to an appropriate local pathway, which may involve
child health and education services

o share information with:
0 parents or carers
o primary and secondary healthcare teams
o ask parents or carers for permission to share information with:
0 education services
o social care services as approptiate.
45. After the developmental assessment at 2 years (corrected age):

o advise parents or carers of all children that their child should
continue to be followed-up in the healthy child programme and

o advise parents or carers of children born before 28+0 weeks'
gestation that the child will also be offered a further
developmental assessment at 4 years .

46. Provide a developmental assessment at 4 years for all children born
before 28+0 weeks’ gestation. This assessment should:

o be conducted by professionals with appropriate skills (see
recommendations 49 and 50)

o take into account information provided by parent or carers (see
recommendation 39)

o include a review of previous assessments and information from
all other relevant sources

o include checks for developmental problems and disorders (see
recommendation 40)

° use:

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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47.

48.

49.

0 the Strengths and Difficulties Questionaire (SDQ) to check for
social, attentional, emotional and behavioural problems

o) as a minimum, the Wechsler Preschool and Primary Scales of
Intelligence 4th Edition (WPPSI) test, including subscales for
verbal comprehension, visual spatial skills, fluid reasoning,
working memory and processing speed:

o if the WPPSI is not suitable (for example, because of sensory or
motor impairment), use a suitable alternative.

o include ensuring that the child has been offered orthoptic vision
screening as recommended by the National Screening
Committee.

Provide a comprehensive summary of the child's strengths and difficulties,
including any developmental problems and disorders, after the 4-year
assessment that:

o is in a format that is accessible to parents and carers

o if needed, informs the development of a plan for intervention and
support, including educational support.

See also recommendation 44 about referral and information sharing

Enhanced developmental support and surveillance for children born
preterm who meet the defined criteria (see recommendations 33,34,45)
should:

o be provided as an integral part of a neonatal service working
together with local health services

o empower parents and carers to be involved in decisions about
their child's care

o be delivered by a multidisciplinary team with the necessary skills
(see recommendation 49)

o record outcomes at specified time points for national audit (see
section 5.2.4)

o be monitored by checking adherence to the recommendations in
this guideline, including follow-up rates and outcomes, as part of
the routine provision of neonatal care by neonatal operational
delivery networks and commissioners

Multidisciplinary teams delivering enhanced developmental support and
surveillance for children born preterm should include professionals with
knowledge and expertise in the following areas:

. neonatal care

o development of children born preterm, including developmental
problems and disorders (see recommendation 40)

o providing support in the community, for example for feeding
problems

o administering and interpreting results from questionnaires and
standardised tests (such as the PARCA-R, SDQ and WPPSI)

o collating information from a range of sources to facilitate decision
making and writing reports

o local care pathways, including Early Years education.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Guideline summary

50. Multidisciplinary teams delivering enhanced developmental support and
surveillance for children born preterm should include the following
professionals:

(0}

(0}

o

o

o

for follow-up to 2 years (corrected age):

neonatologist or paediatrician with expertise in neonatal care
occupational therapist or physiotherapist

outreach nurse or nurse with expertise in neonatal care

for the assessment at 4 years (see recommendation 46):
clinical or educational psychologist

paediatrician with expertise in neurodevelopment.

51. Multidisciplinary teams delivering enhanced developmental support and
surveillance for children born preterm should have access to the following
professionals:

community nurse

occupational therapist

physiotherapist

paediatric neurologist

paediatrician with expertise in neurodevelopment
dietitian

speech and language therapist.

52. Record the following information, as applicable, in the National Neonatal
Research Database for every child born preterm who has enhanced
developmental surveillance:

whether the child had specialist neonatal care and details of
discharge

at the assessment at 2 years (corrected age) (see
recommendation 4343)

diagnosis of cerebral palsy

Gross Motor Function Classification System (GMFCS) score if
cerebral palsy is present

PARCA-R score
epilepsy that is currently being treated

impairments of hearing, vision, speech and language, and motor
skills

at the assessment at 4 years (see recommendation 46)
diagnosis of cerebral palsy
GMFCS score if cerebral palsy is present

WPPSI full scale 1Q score, and subscale scores for verbal
comprehension, visual spatial skills, fluid reasoning, working
memory and processing speed

SDQ total difficulty score, subscale scores and impact score

any formal clinical diagnoses of a developmental disorder (for
example, autism spectrum disorder)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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0 epilepsy that is currently being treated

0 the presence of a hearing impairment, defined as profound
deafness or impairment severe enough to need hearing aids or
cochlear implant

0 results of national orthoptic vision screening (see
recommendation 46).

53. Record routine educational measures at key stage 2 (including special
educational needs and disability [SEND]) on an operational delivery
network-wide basis, to allow educational outcomes at 11 years to be
linked to neonatal information.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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1.41 Research recommendations
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What support do parents and carers report was helpful to them in the care
of children who were born preterm at the time of transfer to education
services?

What is the accuracy of the parent-completed Parent Report of Children’s
Abilities-Revised (PARCA-R) questionnaire for predicting intellectual
disability, language impairment and special educational needs at age 4
years for children born preterm?

What is the accuracy of the parent-completed Ages and Stages
Questionnaire, 3rd edition (ASQ-3) for detecting concurrent intellectual
disability and motor impairment between the ages of 2 years (corrected)
and 4 years in children born preterm?

What is the accuracy of the parent-completed Strengths and Difficulties
Questionnaire (SDQ) for predicting social, attentional, emotional and
behavioural problems in children born before 28+0 weeks’ gestation?

What is the accuracy of the Preschool Language Scales 5th edition (PLS-
5), completed by parents together with a speech and language therapist,
for detecting speech and language problems at 2 years (corrected age) in
children born preterm?

What is the accuracy of a Wechsler Preschool and Primary Scale of
Intelligence 4th Edition (WPPSI-IV) assessment at age 4 years for
predicting later educational difficulties in children of primary school age
who were born before 28*° weeks’ gestation?

Does enhanced developmental support and surveillance improve
outcomes for the parents and carers of children born preterm?

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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1.51 Other versions of the guideline

2 NICE produce a number of versions of this guideline:

3 e The ‘short guideline’ lists the recommendations, context and recommendations for
4 research.

5 e NICE Pathways brings together all connected NICE guidance.

1.66 Schedule for updating the guideline

Following publication, NICE will undertake a reviews at specified times to determine whether
the evidence base has progressed significantly to alter the guideline recommendations and
warrant an update. The review for update process is presented and in accordance with the
NICE guidelines manual 2014.

O © 0o~
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Development of the guideline

What is a NICE guideline?

National Institute for Health and Care Excellence (NICE) guidelines are recommendations for
the care of individuals in specific clinical conditions or circumstances within the NHS — from
prevention and self-care through primary and secondary care to more specialised services.
We base our clinical guidelines on the best available research evidence, with the aim of
improving the quality of healthcare. We use predetermined and systematic methods to
identify and evaluate the evidence relating to specific review questions.

NICE clinical guidelines can:

e provide recommendations for the treatment and care of people by healthcare
professionals

e be used to develop standards to assess the clinical practice of individual healthcare
professionals

¢ be used in the education and training of healthcare professionals
¢ help patients to make informed decisions
¢ improve communication between patients and healthcare professionals.

While guidelines assist the practice of healthcare professionals, they do not replace their
knowledge and skills.

We produce our guidelines using the following steps:
e The guideline topic is referred to NICE from the Department of Health.

e Stakeholders register an interest in the guideline and are consulted throughout the
development process.

e The scope is prepared by the National Guideline Alliance (NGA).
¢ The NGA establishes a Guideline Committee.

e Adraft guideline is produced after the group assesses the available evidence and makes
recommendations.

e There is a consultation on the draft guideline.
e The final guideline is produced.

Remit

NICE received the remit for this guideline from the Department of Health. It commissioned
the NGA to produce the guideline.

The remit for this guideline is to develop a clinical guideline on the developmental follow-up
of preterm babies.

Who developed this guideline?

A multidisciplinary guideline Committee comprising healthcare professionals and researchers
as well as lay members developed this guideline (see Table 1).

The Committee met every 4 to 6 weeks during the development of the guideline. At the start
of the development process all group members were required to declare interests including
consultancies, fee-paid work, shareholdings, fellowships and support from the healthcare

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
21



2, OQOQOVWoONOO ObhW N-=-

—

2.42

2413

14

15
16

2.4.27

18

19
20
21
22

23
24

25
26

27
28
29

30
31

2.4.32

33

34
35
36
37
38

39

2.90
41
42

Developmental follow-up of children and young people born preterm
Development of the guideline

industry in accordance with NICE’s policy on Conflicts of Interest. At all subsequent group
meetings, members declared all subsequent potential conflicts of interest.

Members were either required to withdraw completely or for part of the discussion if their
declared interest made it appropriate. The details of declared interests and the actions taken
are shown in Appendix C:.

Staff from the NGA provided methodological support and guidance for the development
process. The team working on the guideline included a guideline lead, project manager,
systematic reviewers, health economists and information scientists. They undertook
systematic searches of the literature, appraised the evidence, conducted data analysis and
cost-effectiveness analysis (where appropriate) and drafted the guideline in collaboration
with the Committee.

What the guideline covers

Groups that will be covered

This guideline covers the following groups:

e Babies, children and young people under 18 years who were born preterm (less than 37
weeks of pregnancy).

Key clinical issues that will be covered

The following clinical issues are covered in this guideline:

1. The risk of developmental problems (such as feeding difficulties) and developmental
disorders (such as cerebral palsy or autism) in relation to gestational age at birth for
babies, children and young people who were born preterm, and other factors that might
affect their risk.

2. ldentifying developmental problems and disorders in babies, children and young people
who were born preterm.

3. Providing information about the development of preterm babies for parents and carers and
children and young people who were born preterm.

4. Providing support (for example, help with feeding difficulties, including continuing
breastfeeding if appropriate, and with parent child interaction) for babies, children and
young people who were born preterm and their parents and carers.

5. Service delivery for developmental follow-up after preterm birth.

For further details please refer to the scope in Appendix A: and review questions in Table 4.

Clinical issues that will not be covered

This guideline does not cover:

1. Diagnosing and managing developmental disorders such as autism and cerebral palsy.
These areas are covered by existing NICE guidance on autism diagnosis in children and
young people and autism: the management and support of children and young people on
the autism spectrum, and in guidance being developed on the diagnosis and management
of cerebral palsy in children and young people.

2. Reducing the risk of preterm birth.

Relationship between the guidance and other NICE
guidance
e Preterm labour and birth (2015). NICE guideline 25.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Postnatal care up to 8 weeks after birth (2006). NICE guideline 37.

Autism spectrum disorder in under 19s: recognition, referral and diagnosis (2011). NICE
guideline 128.

Spasticity in under 19s: management (2012). NICE guideline 145

Mental health problems in people with learning disabilities: prevention, assessment and
management (2016). NICE guideline 53

Cerebral palsy in under 25s: diagnosis and management. NICE guideline. Publication
expected January 2017

Intrapartum care for high risk women. NICE guideline. Publication expected November
2017.

Faltering growth - recognition and management of faltering growth in children. Publication
expected October 2017.

Social and emotional wellbeing in secondary education (2009). Public health guideline 20.
Social and emotional wellbeing in primary education (2008). Public health guideline 12.

Patient experience in adult NHS services: improving the experience of care for people
using adult NHS services (2012). Clinical guideline 138.

Sepsis: recognition, diagnosis and early management. NICE guideline 51

Neonatal infection (early onset): antibiotics for prevention and management (2012).
Clinical guideline 149

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Guideline development methodology

This guideline was developed in accordance with the methods outlined in the NICE

quidelines manual 2012 until the beginning of development phase and thereafter in
accordance with the updated NICE guidelines manual 2014 (Table 3).

Table 3: Summary of manuals used during the guideline development

Phase of development Manual
Scoping phase 2012 NICE Manual
Development phase 2014 NICE Manual

Consultation phase
Validation phase

Developing the review questions and protocols

The review questions were drafted by the NGA technical team, then refined and validated by
the Committee. The questions were based on the key clinical areas identified in the scope
(Appendix A:). Literature searches, critical appraisal and synthesis of the evidence was
conducted for each review question.

The review framework was determined by the type of question:
e prognostic reviews — population, risk factors and outcomes
e prevalence reviews —population, outcomes/conditions of interest and context

e reviews of diagnostic test accuracy —population, index tests, reference standard and
target condition

e qualitative reviews —population, area of interest and outcomes.

A total of 9 review questions were identified (Table 4).

Table 4: Review questions

Question
1

What is the risk of developmental problems in babies, children and young people born
preterm at different gestational ages?

How do the following factors influence the risk of developmental problems in babies,
children and young people born preterm:

e biological factors

¢ neonatal factors

e socioeconomic, maternal and environmental factors

¢ postnatal factors?

What is the risk of developmental disorders in babies, children and young people born
preterm at different gestational ages?

How do the following factors influence the risk of developmental disorders in babies,
children and young people born preterm:

e biological factors

¢ neonatal factors

e socioeconomic, maternal and environmental factors
¢ postnatal factors?

What is the prevalence of developmental problems in babies, children and young
people born preterm?

What is the prevalence of developmental disorders in babies, children and young
people born preterm?

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

24


https://www.nice.org.uk/article/pmg6/chapter/1%20introduction
https://www.nice.org.uk/article/pmg6/chapter/1%20introduction
https://www.nice.org.uk/media/default/about/what-we-do/our-programmes/developing-nice-guidelines-the-manual.pdf

3.21

3.2.12

Developmental follow-up of children and young people born preterm
Guideline development methodology

Question

5 What information about development and follow-up arrangements should be provided
to parents and carers of preterm babies and to children and young people who were
born preterm?

6 What support do parents and carers report was or would have been helpful to them in
the care of infants who were born preterm both at discharge and during subsequent
follow-up?

7 What is the usefulness of the following screening strategies in the identification of

children and young people born preterm with intellectual disability, speech and
language disorder, specific learning difficulty, social, emotional and mental health, and
developmental co-ordination disorder:

¢ healthy child programme (including plus/enhanced)
¢ parental observation/concern

¢ teachers observation/concern

o formal screening tests?

8 What is the most effective setting and staffing model for the follow-up for the
identification of developmental problems and disorders and support of babies, children
and young people born preterm?

9 What information should be shared between those delivering NHS commissioned care

and also between the NHS and the educational sector on the developmental follow-up
of babies, children and young people born preterm?

Searching for evidence

Clinical literature searches

Systematic literature searches were undertaken to identify all published clinical evidence
relevant to each review question.

Databases were searched using medical subject headings, free-text terms and study type
filters where appropriate. Where possible, searches were restricted to retrieve articles
published in English. All searches were limited by date to 1990 onwards because the change
in the use of surfactants at this time significantly altered outcomes in areas covered by the
guideline. All searches were conducted in the MEDLINE, Embase and Health Technology
Assessments (HTA) databases as well as various databases that form parts of The
Cochrane Library. All searches were updated on 20" October 2016. Any studies added to the
databases after this date (including those published prior to this date but not yet indexed)
were not considered relevant for inclusion.

Search strategies were quality assured by cross-checking reference lists of relevant papers,
analysing search strategies from other systematic reviews and asking Guideline Committee
members to highlight key studies. All search strategies were also quality assured by an
Information Scientist who was not involved in the development of the search. Details of the
search strategies, including study type filters that were applied and databases that were
searched, can be found in Appendix E:.

All references suggested by stakeholders at the time of the scope consultation were
considered for inclusion. During the scoping stage, searches were conducted for guidelines,
health technology assessments, systematic reviews, economic evaluations and reports on
biomedical databases and websites of organisations relevant to the topic. Formal searching
for grey literature, unpublished literature and electronic, ahead-of-print publications was not
routinely undertaken.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Health economic literature searches

Systematic literature searches were also undertaken to identify relevant published health
economic evidence. A broad search was conducted to identify evidence relating to
developmental follow-up of preterm babies in the following databases: NHS Economic
Evaluation Database (NHS EED), Health Technology Assessment (HTA), Medline, Cochrane
Central Register of Controlled Trials (CCTR) and Embase with an economic search filter
applied. Where possible, the search was restricted to articles published in English and
studies published in languages other than English were not eligible for inclusion.

The search strategies for the health economic literature search are included in Appendix E:.
All searches were updated on 20" October 2016. Any studies added to the databases after
this date (including those published prior to this date but not yet indexed) were not included
unless specifically stated in the text.

Reviewing and synthesising the evidence

The process for reviewing and synthesising the evidence was as follows:

¢ The titles and abstracts of records retrieved by the literature searches were sifted for
relevance, and potentially relevant publications were obtained in full text.

e Full papers were reviewed against inclusion and exclusion criteria in order to identify
relevant studies (review protocols are included in Appendix D:).

¢ Relevant studies were critically appraised using the appropriate checklist as specified in
the NICE quidelines manual 2014. For diagnostic questions the Quality Assessment of
Diagnostic Accuracy Studies (QUADAS-2) checklist was used. For prognostic (risk
factors) reviews, the quality of the evidence was assessed using the checklist developed
and published by Hayden et al. 2013. For prevalence questions, the quality of the
evidence was assessed by using the tool developed and published by The Joanna Briggs
Institute (The Joanna Briggs Institute, 2014; Munn et al. 2014). For qualitative reviews, a
checklist for qualitative based on the Critical Appraisal Skills Programme (CASP) checklist
for qualitative studies (http://www.casp-uk.net/casp-tools-checklists) was used.

o Key information was extracted on the study’s methods, PICO factors and results. This is
presented in summary tables within each chapter of the guideline and evidence tables (in
Appendix K:Appendix J:).

e Summaries of evidence by outcome were generated and then presented to the Committee
for discussion:

o Prognostic (risk) studies — data were presented as measures of association (odds
ratios, risk ratios, hazard ratios and adjusted hazard ratios); the decision about whether
meta-analysis could be conducted was based on the appraisal of heterogeneity
between the studies. In all cases meta-analysis was not considered appropriate.

o Prevalence studies — data were presented as measures of prevalence or incidence
during a period of time (proportions with their 95% confidence intervals); the decision
about whether meta-analysis could be conducted was based on the appraisal of
heterogeneity between the studies. In all cases meta-analysis was not considered
appropriate.

o Diagnostic/predictive accuracy studies — presented as measures of
diagnostic/predictive test accuracy (sensitivity, specificity, positive and negative
likelihood ratio); the decision about whether meta-analysis could be conducted was
based on the appraisal of heterogeneity between the studies. In all cases meta-
analysis was not considered appropriate.

o Qualitative studies — the themes of the studies were organised in a modified version of

a GRADE profile, where possible, along with quality assessment otherwise presented
in a narrative form.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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o Delivering enhanced support and surveillance review — narrative summaries of the
included literature (including grey literature) were presented.

e Double-sifting was done by a second reviewer for a 5% sample of the abstract list for
searches prioritised for health economic modelling and those for complex reviews. If
discrepancies were observed, they were solved on a one-by-one basis.

e Double-data extraction was done by a second reviewer for a 5% sample for a review
question that were considered complex in order to assure the quality of the data extraction
and minimise potential risk of reviewer bias or error.

Type of studies

The type(s) of study design considered optimal for inclusion depended on the review
question being asked.

e For clinical prediction (risk) and diagnostic and prognostic reviews, prospective
observational studies of N>50 participants were prioritised for inclusion. This is based on
the requirements proposed by Green (1991) which is a sample size greater than or equal
to 50 participants plus a minimum of 8 variables or predictors.

e For prevalence reviews, the Committee prioritised cross-sectional studies and prospective
cohort studies (national registries were preferred) with sample sizes greater than 250
participants. The larger sample size was required for precision.

e For qualitative reviews: the Committee prioritised studies that have collected and analysed
data qualitatively (for example using interviews, focus groups, surveys and thematic
analysis). Studies that only reported quantitative descriptive data were not prioritised for
this type of review.

e For the review about delivering enhanced support and surveillance, the Committee
prioritised randomised controlled trials and observational studies. However, they agreed
that in the absence of such evidence, grey literature, including expert opinion papers and
published developmental follow-up models should be considered.

Sample size cut-offs were agreed with the Committee at the time of protocol development,
due to the methodological considerations outlined below and their knowledge of the
published evidence base for each topic.

Please refer to Appendix D: for full details on the study design of studies selected for each
review question.

Data synthesis

Prognostic (risk) and prevalence reviews

Study results were presented according to the PRISMA guidelines (Preferred Reporting
Items for Systematic Reviews and Meta-analyses) (see Appendix F:). Risk factors that were
assessed in a multi-variated regression analysis model with adjustment for important
confounders were reported. To assist with the ease of interpretation, only results from
studies where outcomes were assessed dichotomously were included and reported.
Prevalence estimates (proportions) with their 95% confidence intervals were reported or
calculated where sufficient data were available. Odds ratios that were adjusted in multivariate
analyses for the prespecified confounders were considered the preferred measure.

Studies were categorised according to type of outcome and where data were available,
results were reported by subgroups pre-specified in the review protocol. As GRADE is not
suitable for this type of review the overall confidence in quality of the evidence was made
using the methods described in section 3.3.3.1.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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The appropriateness of meta-analysis was assessed by considering whether there was
clinical variation and/or methodological heterogeneity across studies. Specifically, the
following factors were considered:

¢ inclusion/exclusion criteria of participants
e age of participants at time of assessment
¢ whether confounders and risk factors were adjusted for in multivariate analysis models

o whether studies adjusted for the same confounders and risk factors in multivariate
analyses

e how outcomes are defined
¢ measurement tools and scales for the assessment of outcomes
e consistency of results.

Risk factors were also presented graphically in forest plots (Appendix J:). The forest plots
displayed all the evidence assessing the association between a risk factor and an outcome
as odds ratios.

Prevalence estimates were also presented graphically by outcomes in forest plots (Appendix
J:). The forest plots displayed all studies that assessed the prevalence and an estimate of
the prevalence of that outcome in the sample is presented as a percentage with 95%
confidence intervals. The forest plots for prevalence were presented in a non-logarithmic
scale for better visual presentation.

The forest plots for both risk and prevalence evidence were organised by outcome where
evidence allowed and in presence of a lot of evidence for an outcome also by gestational age
group specified in the review protocols. The forest plots were generated using the statistical
software STATA.

Diagnostic test accuracy reviews

For studies assessing the diagnostic accuracy of screening tools (index test) compared to
diagnostic tests (reference standard) the following outcomes were considered:

e sensitivity

¢ specificity

e positive likelihood ratio (LR+)

e negative likelihood ratio (LR-).

These diagnostic accuracy parameters (with 95% CI) were obtained from the studies or
calculated by the technical team using data from the studies (Table 5).

The following definitions were used when summarising the levels of sensitivity or specificity
for the Committee:

e High: 90% and above

e Moderate: 75% to 89%

e Low: 74% or below

The following definitions were used when summarising the likelihood ratios for the
Committee:

o Very useful test: LR+ higher than 10, LR- lower than 0.1

¢ Moderately useful test: LR+ 5 to 10, LR-0.11t0 0.2

¢ Not a useful test: LR+ lower than 5, LR- higher than 0.2
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Table 5: ‘2 x 2’ table for calculation of diagnostic accuracy parameters
Reference standard Reference standard

positive negative Total
Index test result True positive (TP) False positive (FP) TP+FP
positive (Total number of

subjects with positive
result in screening

tool)
Index test result False negative (FN) True negative (TN) FN+TN
negative (Total number of

subjects with negative
results in screening

tool)
Total TP+EN FP+TN TP+FP+FN+Tn=N
(Total number of (Total number of (Total number of
subjects with subjects without subjects in study)

diagnosis) diagnosis)
Sensitivity=TP/(TP+FN)
Specificity=TN/(TN+FP)
Positive likelihood ratio=sensitivity/(1-specificity)
Negative likelihood ratio=(1-sensitivity )/specificity

Qualitative reviews

A thematic approach was used to identify concepts across qualitative studies. Where
possible, a meta-synthesis was conducted to combine results. Themes or new perspectives
of a particular topic from the studies were extracted and the characteristics summarised.
Common concepts were categorised and tabulated including how many studies contributed
to an overarching theme. Sampling of studies continued until no new relevant qualitative data
emerged known as ‘theoretical saturation’ (Dixon-Wood 2005). A final selection of included
studies was agreed between two reviewers. Themes from the individual studies were
categorised into overarching categories of themes with sub-themes. Themes were derived
from direct quotes from individual studies by those who were interviewed. A thematic map
was then developed to demonstrate the relationship between themes and subthemes.

Appraising the quality of evidence

Prognostic outcomes

Quality of prognostic studies and evidence was assessed using the checklist created by
Hayden et al. (2013).

This risk of bias for each risk factor across studies was derived by assessing the risk of bias
across 6 domains for each study: study participation, study attrition, prognostic factor
measurement, outcome measurement, study confounding, and statistical analysis and
reporting, with the last 4 domains being assessed for each outcome. More details about the
quality assessment for prognostic studies are shown in Table 6. The assessment of the
overall quality of the evidence was based on the reviewer’s judgment considering the
assessment of all the 6 domains. For example, if there was a high risk of bias in any domain,
the evidence was considered to be of low quality; if there was moderate risk of bias as
defined by Hayden et al. (2013) in some of the domains, the evidence was considered to be
moderate quality;and if there was low risk of bias in all domains, the evidence was
considered to be of high quality.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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1 Table 6: Assessment of risk of bias for prognostic factor studies based on Hayden et
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al. (2013)
Risk of bias Explanation
Study Assessment of whether or not there was adequate participation in the study by
participation eligible individuals; if the population and sample were described,; if the

Study attrition

Prognostic factor

recruitment and sampling were described and considered appropriate; if
inclusion and exclusion criteria were adequately described.

Assessment of whether there was an adequate follow-up rate for study
participants; reasons for losses to follow-up were described; the individuals lost
to follow-up were adequately described; assessment was done whether the
ones lost to follow-up differed from the ones who completed the follow-up.

Assessment of whether or not a clear description of the prognostic (risk) factor

measurement is provided; the method of assessing or measuring the prognostic factor is valid
and reliable; and is the same for every participant.

Outcome Assessment of whether or not a clear definition of the outcome was provided;

measurement the measurement or assessment of outcome is valid and reliable; the method
and setting of outcome measurement is the same for every participant.

Study Assessment of whether or not important confounders were adequately

confounding measured, described and adjusted for in the analyses.

Statistical Assessment of whether or not there is sufficient presentation of data to assess

analysis and the adequacy of the analytical strategy; the statistical model is adequate; the

reporting reporting of results is adequate, clear and not selective.

Prevalence outcomes

Quality of prevalence outcomes was assessed using the checklist created by The Joanna
Briggs Institute (The Joanna Briggs Institute, 2014; Munn et al., 2014).

The quality was assessed based on answering ‘yes’, ‘no’, ‘unclear’, or “not applicable” to the

following questions:

Was the sample representative of the target population?

Were the study participants recruited in an appropriate way?

Was the sample size adequate?

Were the study subjects and setting described in detail?

Is the data analysis conducted with sufficient coverage of the identified sample?
Were objective, standard criteria used for measurement of the condition?

Was the condition measured reliably?

Was there appropriate statistical analysis?
Are all important confounding factors/ subgroups/differences identified and accounted for?
Were subpopulations identified using objective criteria?

The assessment of the overall quality of the evidence was based on the reviewer’s judgment
considering the answers to the questions above. For example, if there were several “no” and
“unclear” answers, the quality of the evidence was considered to be low or very low; if there
were some “unclear” answers the quality of the evidence was considered to be moderate;
and if all answers for the above questions were “yes” or did not raise concern, the evidence
was considered to be of high quality.

Diagnostic outcomes

For diagnostic accuracy studies, the Quality Assessment of Diagnostic Accuracy Studies
version 2 (QUADAS-2) checklist was used to assess risk of bias and applicability of the
evidence (Whiting et al., 2011). The assessment of risk of bias and applicability of patient
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selection, index test, reference standard and flow and timing were done. More details of the

2 QUADAS-2 is given in Table 7.

Table 7: Summary of assessment of risk of bias and applicability of diagnostic

accuracy evidence according to QUADAS-2

Domain
Description

Signalling
questions
(yes/no/unclear)

Risk of bias:
High/low/unclear

Concerns
regarding
applicability:
High/low/unclear

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

Patient selection

Describe
methods of
patient selection:
Describe included
patients (prior
testing,
presentation,
intended use of
index test and
setting):

Was a
consecutive or
random sample
of patients
enrolled?

Was a case-
control design
avoided?

Did the study
avoid
inappropriate
exclusions?

Could the
selection of
patients have
introduced bias?

Are there

concerns that the
included patients
do not match the
review question?

Index test

Describe the
index test and
how it was
conducted and
interpreted:

Were the index
test results
interpreted
without
knowledge of the
results of the
reference
standard?

If a threshold was
used, was it pre-
specified?

Could the
conduct or
interpretation of
the index test
have introduced
bias?

Are there
concerns that the
index test, its
conduct, or
interpretation
differ from the
review question?

31

Reference
standard

Describe the
reference
standard and how
it was conducted
and interpreted:

Is the reference
standard likely to
correctly classify
the target
condition?

Were the
reference
standard results
interpreted
without
knowledge of the
results of the
index test?

Could the
reference
standard, its
conduct, or its
interpretation
have introduced
bias?

Are there
concerns that the
target condition
as defined by the
reference
standard does

Flow and timing

Describe any
patients who did
not receive the
index test(s)
and/or reference
standard or who
were excluded
from the 2x2
table (refer to
flow diagram):
Describe the time
interval and any
interventions
between index
test(s) and
reference
standard:

Was there an
appropriate
interval between
index test(s) and
reference
standard?

Did all patients
receive a
reference
standard?

Did all patients
receive the same
reference
standard?

Were all patients
included in the
analysis?

Could the patient
flow have
introduced bias?
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Reference
Domain Patient selection Index test standard Flow and timing
not match the
review question?
From http.//www.bristol.ac.uk/social-community-medicine/projects/quadas/quadas-2/

For the assessment of the overall quality of the diagnostic accuracy evidence, adapted
GRADE methodology was used. At the time of writing, the GRADE methodology, as
developed by the international GRADE working group, was available for RCTs and
observational studies only. We adapted the quality assessment elements and outcome
presentation for diagnostic accuracy studies. GRADE methodology takes into account the
assessment of 5 different domains: risk of bias, inconsistency, indirectness, imprecision, and
publication bias. Note that publication bias was not systematically considered in this
guideline. Table 8 gives more details of the different domains. The assessment of risk of bias
and indirectness were based on the QUADAS-2 assessment described above.

The overall quality of the diagnostic accuracy evidence was based on the sum of the grading
of the different domains of GRADE. Inconsistency was not considered applicable when no
meta-analysis was performed. The reasons or criteria used for downgrading were specified
in the footnotes of the adapted GRADE tables.

Table 8: Summary of the adapted GRADE methodology to assess the quality of
diagnostic accuracy evidence

Quality element Description

Risk of bias (study limitations) Defined as anything that causes a consistent deviation from the
truth. Bias can be perceived as a systematic error; for example,
if a study was carried out several times and there was a
consistently wrong answer, the results would be inaccurate.
High risk of bias for the majority of the evidence decreases
confidence in the estimate of the effect. A study with a poor
methodological design does not automatically imply high risk of
bias; the bias is considered individually for each outcome and it
is assessed whether this poor design will impact on the
estimation of the intervention effect.

Based on the assessment using QUADAS-2 checklist.

Inconsistency Inconsistency refers to an unexplained heterogeneity of results.
Only applicable when meta-analysis is performed.

Indirectness Indirectness refers to differences in, for example, study
population, index test, and comparator (reference standard)
between the available evidence and the review question.
Based on the assessment using QUADAS-2 checklist.

Imprecision Results were considered imprecise when the estimates have
wide confidence intervals based on visual inspection.

Qualitative studies

The main quality assessment domains are organised across the definition of population
included, the appropriateness of methods used and the completeness of data analysis and
the overall relevance of the study participants to the population of interest for the guideline.

Individual studies were assessed for methodological limitations using an adapted Critical
Appraisal Skills Programme (CASP, 2013) checklist for qualitative studies, where items in the
original CASP checklist were adapted and fitted into 5 main quality appraisal areas according
to the following criteria:

e aim (description of aims and appropriateness of the study design)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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e sample (clear description, role of the researcher, data saturation, critical review of the
researchers’ influence on the data collection)

rigour of data selection (method of selection, independence of participants from the
researchers, appropriateness of participants)
data collection analysis (clear description, how are categories or themes derived,

sufficiency of presented findings, saturation in terms of analysis, the role of the researcher
in the analysis, validation)

results / findings (clearly described, applicable and comprehensible, theory production)

An adapted GRADE-CERQual (Lewin 2015) approach was used to present and
summarise qualitative findings across studies. This approach considers the quality of
evidence by themes. Themes may have originated from an individual study or been
identified through a number of individual themes or components of themes from a number
of included studies. Quality is assessed in the domains described in Table 9.

Table 9: Domains of quality considered in qualitative studies

Quality
element

Risk of bias
(‘Study
limitations’)

Coherence of
findings

Applicability (or
relevance) of
evidence

Theme
saturation /
sufficiency

Description

Limitations in the study design and implementation may bias the interpretation of
the qualitative themes that are identified. High risk of bias for the majority of the
evidence decreases confidence in the estimate of the effect. Qualitative studies
are not usually randomised and therefore would not be downgraded for study
design from the outset and start as high level evidence.

The extent to which different individual themes or components of themes from
studies fit into a wider network of overarching themes. For example, many
components (relationship and rapport, clinical experience, information provision)
can contribute to an overarching theme of healthcare professional factors in
shared decision-making. Even though each individual study may not mention
each factor the overall theme is coherent.

The extent to which the evidence supporting the review finding is applicable to
the context specified in the review question. In the case of this guideline
qualitative evidence from the UK was prioritised over and above data from other
contexts.

Theme saturation or sufficiency refers to a similar concept in qualitative
research. This refers to whether a theoretical point of theme saturation was
achieved at which point no further citations or observations would provide more
insight or suggest a different interpretation of this theme. Individual studies that
may have contributed to a theme or subtheme may have been conducted in a
manner that by design would have not reached theoretical saturation on an
individual study level.

Evidence statements

Evidence statements are statements that summarise the key features of the clinical evidence
presented. The wording of the evidence statements reflects the amount of certainty in the
estimate of effect. They are presented by comparison (for interventional reviews) or by
description of outcome where appropriate and encompass the following key features of the
evidence:

the number of studies and the number of participants for a particular outcome
a brief description of the participants

an indication of the direction of effect (if 1 treatment is beneficial or harmful compared with
the other, or whether there is no difference between the 2 tested treatments)

a description of the overall quality of evidence.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Evidence of cost effectiveness

The health economic evidence presented in the guideline aims to inform the Committee
about potential economic issues and ensure that the recommendations represent a cost-
effective use of healthcare resources. Health economic evaluations aim to integrate data on
benefits (ideally in terms of quality adjusted life years [QALYs]), harms and costs of different
care options.

Literature review

The Health Economist assessed the titles and abstracts of publications identified by the
literature searches using the pre-defined eligibility criteria specified in Table 10.

Table 10: Inclusion and exclusion criteria for the systematic reviews of economic
evaluations

Inclusion criteria

e intervention or comparators according to the scope

e study population according to the scope

o full economic evaluations (cost-utility, cost-effectiveness, cost-benefit or cost-consequence
analyses) that assess both costs and outcomes associated with the interventions of interest

Exclusion criteria

¢ abstracts with insufficient methodological details

e conference papers published before January 2014

Once the screening of titles and abstracts was complete, full versions of the selected papers
were obtained for assessment. The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) for this search on economic evaluations is presented in Appendix
F..

As well as reviewing the published economic literature, as described above, new economic
analysis was undertaken in selected areas prioritised by the Committee in conjunction with
the health economist. Topics were prioritised on the basis of the following criteria, in
accordance with the NICE guidelines manual:

¢ the overall importance of the recommendation, which may be a function of the number of
patients affected and the potential impact on costs and health outcomes per patient

o the current extent of uncertainty over cost effectiveness, and the likelihood that economic
analysis will reduce this uncertainty

o the feasibility of building an economic model

The following priority areas for de novo economic analysis were agreed by the Committee
after formation of the review questions and consideration of the available health economic
evidence:

e screening strategies for the identification of children and young people born preterm with
intellectual disability, speech and language disorder and specific leaning difficulty

¢ delivery of enhanced support and surveillance

The methods and results of de novo economic analyses are reported in Appendix H:. When
new economic analysis was not prioritised, the Committee made a qualitative judgement
regarding cost effectiveness by considering expected differences in resource and cost use
between options, alongside clinical effectiveness evidence identified from the clinical
evidence review.
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Cost effectiveness criteria

NICE’s report Social value judgements: principles for the development of NICE guidance
sets out the principles that Committees should consider when judging whether an
intervention offers good value for money. In general, an intervention was considered to be
cost effective if either of the following criteria applied (given that the estimate was considered
plausible):

¢ the intervention dominated other relevant strategies (that is, it was both less costly in
terms of resource use and more clinically effective compared with all the other relevant
alternative strategies), or;

¢ the intervention cost less than £20,000 per QALY gained compared with the next best
strategy, or;

¢ the intervention provided clinically significant benefits at an acceptable additional cost
when compared with the next best strategy.

The Committee’s considerations of cost-effectiveness are discussed explicitly in the
‘Consideration of economic benefits and harms’ section for each topic. .

Developing recommendations

Over the course of the guideline development process, the Committee was presented with:

e evidence tables of the clinical and economic evidence reviewed from the literature (see
Appendix H:, Appendix I:, Appendix K:)

e summary of clinical and economic evidence and quality assessment
e forest plots (Appendix J:)

¢ adescription of the methods and results of the cost-effectiveness analysis undertaken for
the guideline (Appendix H:, Appendix I:).

Recommendations were drafted on the basis of the Committee’s interpretation of the
available evidence, taking into account the balance of benefits, harms and costs between
different courses of action. Firstly, the net benefit over harm (clinical effectiveness) was
considered, focusing on the critical outcomes, although most of the reviews in the guideline
were outcome driven. The Committee took into account the clinical benefits and harms when
one intervention was compared with another. The assessment of net benefit was moderated
by the importance placed on the outcomes (the Committee’s values and preferences), and
the confidence the Committee had in the evidence (evidence quality). Secondly, the
Committee assessed whether the net benefit justified any differences in costs.

When clinical and economic evidence was of poor quality, conflicting or absent, the
Committee drafted recommendations based on their expert opinion. The considerations for
making consensus-based recommendations include the balance between potential harms
and benefits, the economic costs or implications compared with the economic benefits,
current practices, recommendations made in other relevant guidelines, patient preferences
and equality issues. The Committee also considered whether the uncertainty was sufficient
to justify delaying making a recommendation to await further research, taking into account
the potential harm of failing to make a clear recommendation.

The wording of recommendations was agreed by the Committee and focused on the
following factors:

¢ the actions healthcare professionals need to take

e the information readers need to know

¢ the strength of the recommendation (for example the word ‘offer’ was used for strong
recommendations and ‘consider’ for weak recommendations)

¢ the involvement of parents, carers and families in decisions about treatment and care
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e consistency with NICE'’s standard advice on recommendations about drugs, waiting times
and ineffective intervention.

The main considerations specific to each recommendation are outlined in the
‘Recommendations and link to evidence’ sections within each section.

Research recommendations

When areas were identified for which good evidence was lacking, the Committee considered
making recommendations for future research. Decisions about inclusion were based on
factors such as:

o the importance to patients or the population

e national priorities

¢ potential impact on the NHS and future NICE guidance
¢ ethical and technical feasibility.

Validation process

This guidance is subject to a 6-week public consultation and feedback as part of the quality
assurance and peer review of the document. All comments received from registered
stakeholders receive individual responses that are posted on the NICE website when the
pre-publication check of the full guideline occurs.

Disclaimer

Healthcare providers need to use clinical judgement, knowledge and expertise when
deciding whether it is appropriate to apply guidelines. The recommendations cited here are a
guide and may not be appropriate for use in all situations. The decision to adopt any of the
recommendations cited here must be made by practitioners in light of individual patient
circumstances, the wishes of the patient, clinical expertise and available resources.

The National Guideline Alliance (NGA) disclaims any responsibility for damages arising out
of the use or non-use of these guidelines and the literature used in support of these
guidelines.

Funding

The NGA was commissioned by the National Institute for Health and Care Excellence (NICE)
to undertake the work on this guideline.
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Risk and prevalence of developmental
problems and disorders

Introduction

Children born preterm are thought to be at increased risk of a range of developmental
problems and disorders that may have a short or long term, and often cumulative, impact on
a child’s health, development and well-being.

Developmental problems and disorders typically present on a continuum, with disorders
considered to represent the severe end of the spectrum. Although a child may not meet the
diagnostic criteria for a developmental disorder they may still experience substantial
developmental difficulties that impact on their everyday life. The prevalence of these
conditions is thought to be associated with the degree of prematurity at birth.

Developmental problems may include functional issues with feeding, sleeping and toileting,
excessive crying or irritability during infancy, delayed motor or language development during
the early years, sensory difficulties, behavioural, social and emotional problems, deficits in
executive functions and special educational needs throughout childhood and adolescence.
They may present independently or co-exist with other developmental problems or disorders.

Developmental disorders may include intellectual disability or global developmental delay,
cerebral palsy, speech and/or language disorders, attention-deficit/hyperactivity disorder,
developmental coordination disorder, specific learning disorders, autism spectrum disorder,
other mental and behavioural disorders and sensory impairments such as hearing and visual
impairments.

Information about the potential risk and prevalence of developmental problems and disorders
can be used to support the early identification of difficulties as they arise so that appropriate
support and therapeutic intervention is provided. This information can, in turn, be used to
guide service planning inclusion the provision of health, education and social care and
requirements for developmental surveillance.

Risk of developmental problems
Review question:

What is the risk of developmental problems in babies, children and young people born
preterm at different gestational ages?

How do the following factors influence the risk of developmental problems in babies,
children and young people born preterm:

¢ biological factors

e neonatal factors

e socioeconomic, maternal and environmental factors

e postnatal factors?

Description of clinical evidence

The aim of this review was to identify different factors (gestational age at birth; biological
factors; neonatal factors; maternal, social or environmental; and postnatal factors) that can
affect the risk of developmental problems in babies, children and young people born preterm.
Developmental problems considered as outcomes included sensory sensitivity; functional
problems with feeding, sleeping or toileting; motor, developmental and language delay;
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executive function; problems specific to infancy (excessive crying, irritability, poor self-
regulation); behavioural, social, emotional, attention problems; and special educational
needs.

Studies were included if they:

1. were prospective cohort studies (in addition, two retrospective population-based studies
were included for special educational needs outcome where evidence is otherwise scarce)

2. were multi-centre or national population-based studies;

3. included only participants born after 1990 (two exceptions where s mall number of
participants were born before 1990);

4. confounders were adjusted for in the analyses.
For full details see review protocol in Appendix D:.

In total, fifty-one publications were included in the review (Adams-Chapman 2008; Allred
2014; Brown 2014; Carlo 2011; Chan 2014; de Jong 2015; Delobel-Ayoub 2006; Delobel-
Ayoub 2009; Farooqi 2016; Farooqi 2013; Farooqi 2007; Fevang 2016; Guellec 2011; Gurka
2010; Higa Diez 2016; Hintz 2005; Hornman 2016; Johnson 2016; Johnson 2015a; Johnson
2015b; Johnson 2011; Kerstjens 2013; Kerstjens 2012; Kerstjens 2011; Larroque 2011;
Laughon 2009; MacKay 2010; MacKay 2013; Martin 2010; Migraine 2013; Odd 2016; Odd
2013a; Odd 2013b; O’Shea 2008; Peacock 2012; Potijk 2015; Quigley 2012; Rautava 2010;
Raynes-Greenow 2012; Reijneveld 2006; Samara 2010; Schendel 1997; Shah 2012;
Shankaran 2004; Singer 2001; Stene-Larsen 2014; Stoll 2004; Sullivan 2015; Vohr 2005;
Vohr 2000; Woythaler 2011). The sample sizes ranged from 169 (Farooqi 2013) to 407503
(MacKay 2013; MacKay 2010).

Seventeen publications are from the United States (Adams-Chapman 2008; Allred 2014;
Carlo 2011; Gurka 2010; Hintz 2005; Laughon 2009; Martin 2010; O’Shea 2008; Schendel
1997; Shah 2012; Shankaran 2004; Singer 2001; Stoll 2004; Vohr 2005; Vohr 2000;
Woythaler 2011). Elevenpublications are from the UK (Chan 2014; Johnson 2016; Johnson
2015a; Johnson 2015b; MacKay 2010; MacKay 2013; Odd 2016; Odd 2013a; Odd 2013b;
Peacock 2012; Quigley 2012; Sullivan). Two publications are from the UK and Ireland
(Samara 2010; Johnson 2011). Seven publications are from the Netherlands (de Jong 2015;
Hornman 2016; Kerstjens 2013; Kerstjens 2012; Kerstjens 2011; Potijk 2015; Reijneveld
2006) and five publications are from France (Delobel-Ayoub 2006; Delobel-Ayoub 2009;
Guellec 2011; Larroque 2011; Migraine 2013). Threepublications from Sweden (Farooqi
2016; Farooqi 2013; Faroogqi 2007) and two from Norway (Fevang 2016; Stene-Larsen 2014)
One publication comes from the following countries: Australia (Raynes-Greenow 2012);
Canada (Brown 2014); Finland (Rautava 2010); and Japan (Higa Diez 2016).

Forty-nine publications used data from population-based, multicentre or regional prospective
cohort studies (Adams-Chapman 2008; Allred 2014; Brown 2014; Carlo 2011; Chan 2014; de
Jong 2015; Delobel-Ayoub 2006; Delobel-Ayoub 2009; Farooqi 2016; Faroogqi 2013; Farooqi
2007; Fevang 2016; Guellec 2011; Gurka 2010; Higa Diez 2016; Hintz 2005; Hornman 2016;
Johnson 2016; Johnson 2015a; Johnson 2015b; Johnson 2011; Kerstjens 2013; Kerstjens
2012; Kerstjens 2011; Larroque 2011; Laughon 2009; Martin 2010; Migraine 2013; Odd
2106; Odd 2013a; Odd 2013b; O’Shea 2008; Peacock 2012; Potijk 2015; Quigley 2012;
Rautava 2010; Raynes-Greenow 2012; Reijneveld 2006; Samara 2010; Schendel 1997;
Shah 2012; Shankaran 2004; Singer 2001; Stene-Larsen 2014; Stoll 2004; Sullivan 2015;
Vohr 2005; Vohr 2000; Woythaler 2011). Two publications used data from retrospective
cohort studies using population-based data (MacKay 2010; MacKay 2013).

The fifty-one publications included in this review come from twenty-three different studies.
Eight publications from the United States derive from the work of the Eunice Kennedy Shriver
National Institute of Child Health and Human Development’s (NICHD) Neonatal Research
Network (NRN) (Adams-Chapman 2008; Carlo 2011; Hintz 2005; Shah 2012; Shankaran
2004; Stoll 2004; Vohr 2000, Vohr 2005). These publications include cohorts born at different
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time spans between 1993 and 2011, therefore, the cohort included in each study differ
across the publications. Four publications are from the Extremely Low Gestational Age
Newborns (ELGAN) study from the United States (Allred 2014; Laughon 2009; Martin 2010;
O’Shea 2008). Another four publications come from the French study called Etude
Epidemiologique sur les Petits Ages Gestationnels (EPIPAGE) (Delobel-Ayoub 2006;
Delobel-Ayoub 2009; Guellec 2011; Larroque 2011). Five publications are from the
Longitudinal Preterm Outcome Project (Lollipop) in the Netherlands (Hornman 2016;
Kerstiens 2013; Kerstjens 2012; Kertsjens 2011; Potijk 2015). Five publications derive from
the Avon Longitudinal Study of Parents and Children (ALSPAC) from the United Kingdom
(Odd 2016; Odd 2013a; Odd 2013b; Peacock 2012; Sullivan 2015). Three publications are
from the Late to Moderately Preterm Birth Study (LAMBS) in the UK (Johnson 2016; Johnson
2015a; Johnson 2015b).Two publications are from the EPICure Study (Johnson 2011;
Samara 2010). Another two publications use data from the same school census from
Scotland (MacKay 2010; MacKay 2013). The different publications within the same studies
examine different risk factors and/or different outcomes or assess the children at different
age. The rest of the included studies had one publication from the cohort studied.

In relation to gestational age, in total thirty-four publications were included in the review
(Brown 2014; Chan 2014; de Jong 2015; Delobel-Ayoub 2009; Delobel-Ayoub 2006; Farooqi
2016; Farooqi 2013; Farooqi 2007; Fevang 2016; Gurka 2010; Higa Diez 2016; Hornman
2016; Johnson 2016; Johnson 2015a; Johnson 2015b; Kerstjens 2011; Kerstjens 2012,
Larroque 2011; MacKay 2010; MacKay 2013; Migraine 2013; Odd 2013a; Odd 2013b;
Peacock 2012; Potijk 2015; Quigley 2012; Rautava 2010; Raynes-Greenow 2012; Reijneveld
2006; Samara 2010; Schendel 1997; Stene-Larsen 2014; Sullivan 2015; Woythaler 2011).Six
publications reported on functional problems (de Jong 2015; Johnson 2016; Migraine 2013;
Raynes-Greenow 2012; Samara 2010; Sullivan 2015); ten publications reported on motor,
developmental or language problems (Brown 2014; de Jong 2015; Johnson 2015a; Kerstjens
2012; Kerstjens 2011; Odd 2013b; Rautava 2010; Schendel 1997; Stene-Larsen 2014;
Woythaler 2011); three publications reported on executive function (Faroogi 2016; Farooqi
2013; Rautava 2010); fourteen publications reported on behavioural, social, emotional or
attention problems (de Jong 2015; Delobel-Ayoub 2009; Delobel-Ayoub 2006; Farooqi 2013;
Farooqi 2007; Fevang 2016; Gurka 2010; Higa Diez 2016; Hornman 2016; Johnson 2015b;
Potijk 2015; Rautava 2010; Reijneveld 2006; Schendel 1997); and seven publications
reported on special educational needs (Chan 2014; Larroque 2011; MacKay 2013; MacKay
2010; Odd 2013a; Peacock 2012; Quigley 2012). No evidence on sensory sensitivity was
found.

In relation to biological factors (sex of the child, being born small for gestational age, and
ethnicity or race), ten publications were included (Delobel-Ayoub 2009; Delobel-Ayoub 2006;
Guellec 2011; Johnson 2016; Johnson 2015a; Johnson 2015b; Johnson 2011; Kerstjens
2013; Shankaran 2004; Vohr 2000). Two publications reported on functional problems
(Johnson 2016; Vohr 2000); four publications reported on motor, developmental or language
problems (Johnson 2015a; Kerstjens 2013; Shankaran 2004; Vohr 2000); four publications
reported on behavioural, social, emotional, or attention problems (Delo bel-Ayoub 2009;
Delobel-Ayoub 2006; Guellec 2011; Johnson 2015b); two publications reported on special
educational needs (Guellec 2011; Johnson 2011). No evidence on sensory sensitivity or
executive function in relation to biological risk factors.

In relation to neonatal factors (brain abnormalities, sepsis, retinopathy of prematurity,
necrotising enterocolitis, exposure to antenatal steroids, exposure to postnatal steroids,
bronchopulmory dysplasia), eighteen publications were included in the review (Adams-
Chapman 2008; Allred 2014; Carlo 2011; Delobel-Ayoub 2009; Delobel-Ayoub 2006; Hintz
2005; Johnson 2015b; Johnson 2011; Kerstjens 2013; Kerstjens 2012; Laughon 2009; Martin
2010; O’Shea 2008; Shah 2012; Shankaran 2004; Stoll 2004; Vohr 2005; Vohr 2000). One
publication reported on functional problems (Vohr 2000); Fourteen publications reported on
motor, developmental or language problems (Adams-Chapman 2008; Allred 2014; Carlo
2011; Hintz 2005; Kerstjens 2013; Kerstiens 2012; Laughon 2009; Martin 2010; O’Shea

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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2008; Shah 2012; Shankaran 2004; Stoll 2004; Vohr 2005; Vohr 2000); and three
publications reported on behavioural, social, emotional or attention problems (Delobel-Ayoub
2009; Delobel-Ayoub 2006; Johnson 2015b). One publication reported on special
educational needs (Johnson 2011). No evidence on sensory sensitivity or executive function
in relation to different neonatal factors.

In relation to different social, environmental or maternal factors (socioeconomic status,
maternal substance abuse, maternal alcohol abuse, multiple pregnancy, chorioamnionitis,
neglect, maternal age and maternal mental health disorder), ten publications were included
(Delobel-Ayoub 2009; Delobel-Ayoub 2006; Johnson 2016; Johnson 2015a; Johnson 2015b;
Johnson 2011; Kerstjens 2013; Potijk 2015; Shankaran 2004; Singer 2001). One publication
reported on functional problems (Johnson 2016). Four publications reported on motor,
developmental or language problems (Johnson 2015a; Kerstjans 2013; Shankaran 2004;
Singer 2001); and four publications reported on behavioural, social, emotional or attention
problems (Delobel-Ayoub 2009; Delobel-Ayoub 2006; Johnson 2015b; Potijk 2015). One
publication reported on special educational needs (Johnson 2011). No evidence on sensory
sensitivity, functional problems, or executive function in relation to different maternal, social
or environmental factors.

The feasibility of combining study data using meta-analysis was assessed. Due to the
following differences between studies, it was not considered appropriate to pool the results:

¢ the inclusion/exclusion criteria for participants

e ages of participants at the time of assessment

e confounders adjusted for in multivariate analysis models
e outcome definitions and measurement tools

e consistency of results.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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41.1.21 Summary of included studies

2 Table 11:Summary of included studies in relation to gestational age

Functional problems with feeding/sleeping/toileting

de Jong 2015

(The
Netherlands)

Johnson 2016
(UK)

Multicentre
prospective
cohort

Prospective
population-based
cohort study

n=116
moderately
preterm children
(32-36 weeks
gestation)

n=99 term
children (37-41
weeks gestation)

n=628 late and
moderately
preterm (LMPT)
children (32-36
weeks)

n=759 term
controls (>=37
weeks)

Analyses were
adjusted for maternal
education level and
maternal age at birth.

The analyses
between term and
LMPT group were
adjusted for sex,
SGA, SES index
score, and
nasogastric tube
feeding >2 weeks.
The analyses within
the LMPT group
included the following
variables: behaviour
problems, delayed
social competence,
SGA and nasogastric
tube feeding.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Behavioural problems
were assessed with
the CBCL. For total
problems and
broadband scales,
scores of 60 or above
were considered
abnormal. For the
subscales, scores of
65 or above were
considered abnormal.

A validated eating
behaviour
questionnaire (4) was
used to assess the
presence of eating
difficulties in the 4
domains of
refusal/picky eating
(e.g., poor appetite,
food refusal, selective
eating), oral motor
problems (e.g.,
problems biting,
chewing, or
swallowing; gagging;
or choking on food),
oral hypersensitivity
(e.g., aversion to
being touched around

At 24 months (corrected
age)

Sleep problems

Term: Reference

32-36 weeks: OR 0.53
(0.06-4.43)

At 2 years (corrected age)
Total feeding problems
Term: Reference

32-36 weeks: RR 1.44
(1.01-2.03)

Refusal/picky eating
Term: Reference

32-36 weeks: RR 1.30
(0.84-1.98)

Oral motor problems
Term: Reference

32-36 weeks: RR 1.65
(1.05-2.58)

Oral hypersensitivity
Term: Reference

32-36 weeks: RR 1.22
(0.69-2.13)

High

Low
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Migraine 2013
(France)

Multicentre
prospective
cohort study

n=234 children
born <33 weeks
GA

(n=54 children
32 weeks GA;
n=78 children
30-31 weeks GA;
n=54 children
28-29 weeks GA;
n=48 children
<28 weeks GA)

n=245 term
controls (>37
weeks)

Maternal age,
maternal BMI,
maternal education
level, breastfeeding,
gestational age, birth-
weight z score and
gender.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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the mouth or having
things put in the
mouth), and eating
behaviour problems
(e.g., has tantrums or
makes a mess during
meals). >90th
percentile of the term
control group were
used to identify
children with clinically
significant eating
difficulties.

The Children’s Eating
Difficulties
Questionnaire was
completed by
parents. 2 domains of
low drive to eat and
narrow food
repertoire were
generated. Subjects
scoring in the highest
quintile for these
outcomes were
defined as having
eating difficulties.

Eating behaviour problems
Term: Reference

32-36 weeks: RR 0.88
(0.53-1.45)

At 24 months of age Moderate

(corrected)

Low drive to eat

>37 weeks: Reference

32 weeks: OR 1.33 (0.59-
2.98)

30-31 weeks: OR 1.17
(0.54-2.55)

28-29 weeks: OR 2.01
(0.89-4.56)

<28 weeks: OR 1.63 (0.69-
3.81)

Low food variety

>37 weeks: Reference

32 weeks: OR 0.87 (0.39-
1.94)

30-31 weeks: OR 1.10
(0.55-2.21)

28-29 weeks: OR 0.97
(0.42-2.24)
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<28 weeks: OR0.75 (0.31-
1.82)

Raynes- Prospective n=3115 children = Sex, maternal age, Data from births from At 2.5 to 6 years if age Moderate
Greenow 2012 cohort study born at <32 caesarean section, 2000-2004 were Sleep apnea diagnosis
(Australia) (usmg record . wgeks; n=22039 pregnancy optalped via the NSW 36\ eaks: Reference
linked population  children born at hypertension, number Midwives Data 32-36 weeks: OR 1.19
health data) 32-36 weeks; of previous Collection, a (1.03-1.34) ’ ’
n=377952 pregnancies, any legislated population- : )
children bornat  neonatal based surveillance <32 weeks: 2.74 (2.16-3.49)
>36 weeks resuscitation, and system that includes
neonatal morbidity information on all
(admitted to the babies born at = 20
special care nursery  weeks gestation or
and/or the neonatal weighing = 400 g.
intensive care unit). The primary outcome
was sleep apnoea
diagnosis in
childhood, first
diagnosed between 1
and 6 years of age.
Children with sleep
apnoea were
identified from those
hospital records with
the ICD-10 code
G47.3: sleep apnoea,
central or obstructive.
Samara 2010 Population based n=223 preterm Cognitive, Parents completeda At age 6 years (assumedto  High
(UK and Ireland) ~ Prospective children (<26 neuromotor and specially developed be chronological)
cohort study weeks’) pervasive eating questionnaire.  Total eating difficulties
(EPICure) n=148 full-term behavioural Items were grouped Carielsr [BeEeree
controls difficulties. into four categories:

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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refusal-faddy eating
problems, oral motor
problems, oral
hypersensitivity

Preterm: OR 2.5 (1.3-4.8)
Oral motor problems
Controls: Reference
Preterm: OR 2.7 (1.3-5.7)
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Sullivan 2016 Regional

(UK) prospective
cohort study
(ALSPAC)

N=13, 973
children alive at
12 months
N=8769 children
with 3 or more
bedwetting
measures

Adjusted for the
confounders
including gender and
socioeconomic status
(family adversity)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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problems and
behavioural problems
around meals. A total
eating problems
score was also
constructed. Higher
scores on each scale
indicate more
problems. To derive
clinical categories,
each scale was
dichotomised into
normal versus clinical
(scores above the
90th centile or near
according to the
comparison group).

At ages 4.5, 5.5, 6.5,
7.5 and 9.5 years (4-
9 years), parents
were asked about
how often their child
wets their bed. The
frequency of
bedwetting was
further divided into
three categories: no
current bed wetting,
infrequent bedwetting
(< once or about
once a week), and
frequent bedwetting
(2-5 times a week,
nearly every night, or
more than once a
week). Frequent

Refusal-faddy eating
problems

Controls: Reference
Preterm: OR 1.6 (0.8-3.3)

Behavioural problems
around meals

Controls: Reference
Preterm: OR 1.6 (0.7-3.6)
Oral hypersensitivity
problems

Controls: Reference
Preterm: OR 1.9 (0.8-4.7)

At 4 to 9 years age Moderate

Risk of frequent persistent
bedwetting

<37 weeks GA: OR 0.82
(95%Cl 0.40-1.70)
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Motor, developmental and language delay

Brown 2014

(Canada) prospective years

cohort
years

Population based n=15099 at 2-3

n=12302 at 4-5

Adjusted for alcohol
during pregnancy,
smoking during
pregnancy, placental
ischaemia, delivery
mode, other
biological
determinants (not
described further),
delivery mode,
gestational age,
partnership status,
number of siblings,
family income
adequacy, maternal
education, maternal
age at birth of child,
maternal health,
maternal mental
health, family
functioning, parenting
interactions,
parenting
effectiveness and
parenting
consistency.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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bedwetting
corresponds to the
frequency of
bedwetting required
for a DSM-V
diagnosis of
nocturnal enuresis.

Developmental delay
was measured at 2-3
years using the Motor
and Social
Development Scale.
Scores were
standardised by 1-
month age groups
and children scoring
21 SD below the
mean were classified
as having a delay.
Receptive vocabulary
delay was measured
at 4-5 years using the
PPVT-R. The number
of correct responses
is computed and an
age-standardised
score is based on 1-
month age groups.
Children scoring 21
SD below the mean
were classified as
having a delay.

At 2-3 years(assumed to be
chronological age)

Risk of developmental delay
39-41 weeks: Reference
34-36 weeks: RR 1.13
(0.90-1.42)

At 4-5 years (assumed to be
chronological age)

Risk of receptive vocabulary
delay

39-41 weeks: Reference
34-36 weeks: RR 1.06
(0.79-1.43)

Moderate
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de Jong 2015 Multicentre n=116 Analyses were Developmental delay At 24 months (corrected for  High
(The prospective moderately adjusted for maternal was assessed with gestation)
Netherlands) cohort preterm children  education level and the Bayley lll scales.  Cognitive developmental

(32-36 weeks maternal age at birth.  Scores of <7 were delay

gestation) gefin?d as n’:ikljd | e PEEeTEs

n=99 term evelopmental delay .

children (37-41 for each of the fﬁg?w“s- OR0.89 (0.19-

weeks gestation) subscales. :

Fine motor developmental
delay

Term: Reference
32-36wks: OR 0.48 (0.04-
6.36)

Gross motor developmental
delay

Term: Reference
32-36wks: OR 1.61 (0.69-
3.73)

Receptive communication
developmental delay
Term: Reference

32-36wks: OR 2.07 (0.37-
11.56)

Expressive communication
developmental delay

Term: Reference

32-36wks: OR 0.48 (0.13-
1.75)

At 24 months (chronological
age)

Cognitive developmental
delay

Term: Reference

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Johnson 2015 Prospective n=638

(UK) cohort study late/moderately
preterm infants
n=765 term
controls

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

Sex, SES-index and
SGA.
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Cognitive impairment
was assessed using
the Parent Report of
Children's Abilities-
Revised (PARCA-R).
Scores for non-verbal
cognition and
expressive language
were combined to
give a total parent
report composite.
These scores are

32-36wks: OR 2.19 (0.56-
8.63)

Fine motor developmental
delay

Term: Reference

32-36wks: OR 2.13 (0.40-
11.44)

Gross motor developmental
delay

Term: Reference
32-36wks: OR 2.30 (1.03-
5.13)

Receptive communication
developmental delay

Term: Reference

32-36wks: OR 3.52 (0.69-
17.82)

Expressive communication
developmental delay

Term: Reference

32-36wks: OR 1.03 (0.33-
3.17)

At 2 years (corrected age)
Risk of cognitive impairment
Term: Reference

32-36 weeks: RR 2.09
(1.19-3.64)

Moderate
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Kerstjens 2012

(The
Netherlands)

Kerstjens 2011
(The
Netherlands)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

Population based
prospective
cohort study

Population based
prospective
cohort study

n=832
moderately
preterm children
(32 to 35+6
weeks)

n=1983 total
sample

n=512 children
born at <32
weeks of
gestation
n=927 children
born at 32-35

Variables included in

the final model were:

birth asphyxia,
tertiary NICU
admission,
hypoglycaemia,
hyperbilirubinaemia,
SGA and gender.

Maternal age,
mother's birth
country, parental
education, single-
parent family, sex,
multiple birth and
SGA.
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strongly correlated
with scores on gold
standard
developmental tests.
Moderate/severe
cognitive impairment
was identified as a
score corresponding
to with PRC scores <
2.5th percentile in the
term reference group.

Parents completed
the Dutch version of
the 48 months ASQ.
The scores on each
domain add up to an
ASQ total problems
score. A score of
>2SDs below the
mean for the Dutch
reference group was
considered to
indicate
developmental delay.

The Dutch version of
the age 48 month
form of the Ages and
Stages questionnaire
was used to assess
development. The
ASQ covers five
domains:
communication, fine
motor function, gross
motor

At 43-49 months (assumed  Moderate
to be chronological age)

Risk of abnormal ASQ total

problems score

Low gestational age

34 to 35+6 weeks:
Reference

32 to 33+6 weeks: not
significant on univariate
analysis

At 4 years (assumed to be Moderate

chronological age)

Risk of developmental delay
(ASQ total score <2SD
below the mean)

Term: Reference

<32 weeks: OR 3.2 (1.88-
5.37) 32-35 weeks: OR 1.5
(0.89-2.52)

32-33 weeks: OR 1.5 (0.81-
2.92)
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Odd 2013b
(UK)

Regional
prospective
cohort study

weeks of
gestation
n=544 children
born at 3841
weeks of
gestation

Overall:

n=741
moderate/late
preterm infants
n=13102 term
infants

Ethnicity, housing,
crowding and
maternal education,
socioeconomic
group, car ownership,
maternal age,
gender, parity,
weight, length and
head circumference

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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function,personal-
social functioning and
problem solving. The
total score was
calculated by adding
all the domain scores
and dividing by five.
The individual
domain scores, and
the total score were
dichotomized at 2SD
below the mean
score of the Dutch
reference group as
normal/abnormal.

3 of the 8 subtests of
the MABC were
used. These subtests
were selected to test
the three realms of
coordination: manual
dexterity (placing
pegs task), ball skills
(throwing bean bag

34-35 weeks: OR 1.5 (0.84-
2.52)

Risk of fine motor
impairment (ASQ Fine
motor score <2SD below the
mean)

Term: Reference

<32 weeks: OR 3.6 (2.02-
6.38) 32-35 weeks: OR 2.0
(1.17-3.54)

32-33 weeks: OR 2.5 (1.32-
4.87)

34-35 weeks: OR 1.8 (1.01-
3.22)

Risk of gross motor
impairment (ASQ Gross
motor score <2SD below the
mean)

Term: Reference

<32 weeks: OR 3.5 (2.04-
5.94) 32-35 weeks: OR 1.3
(0.75-2.21)

32-33 weeks: OR 1.0 (0.46-
2.06)

34-35 weeks: OR 1.4 (0.81-
2.50)

At age 7-8 years (assumed  High
to be chronological)
Abnormal heel-to-toe score
Term: Reference

Moderate/late preterm: OR
1.27 (0.98-1.63)

Abnormal bean-bag score
Term: Reference
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Rautava 2010
(Finland)

Population based
cohort study

With data on
abnormal heel-
to-toe score:
n=331 preterm
n=6501 full-term
With data on
abnormal bean-
bag score:
n=332 preterm
n=6512 full-term
With data on
abnormal peg-
score and
abnormal
coordination
summary score:
n=328 preterm
n=6414 full-term
n=588 preterm
(<32 weeks
gestation) and/or
VLBW (<15009)
children

n=176 term
controls (3842
weeks gestation)

at birth, mode of
delivery, maternal
hypertension, pyrexia
and need for
resuscitation at birth.

Sex, family structure
and the mother’s and
father’s years of
education and
employment status.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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into box) and balance
(heel-toe walking). A
summary score of all
three tests was
derived (range 0-15).
The top 5th centile
was used to define
severe motor
coordination
difficulties.

The FTF was used to
assess behavioural
outcomes. Results
are presented as rate
ratios comparing
mean scores in
preterm/VLBW
children to controls.

Moderate/late preterm: OR

1.17 (0.91-1.50)
Abnormal peg score
Term: Reference

Moderate/late preterm: OR

1.40 (1.08-1.81)

Abnormal coordination
summary score

Term: Reference

Moderate/late preterm: OR

1.39 (1.12-1.72)

At 5 years of age
(chronological)

Motor skills
Term: Reference

Preterm: RR 2.22 (1.83-

2.69)
Gross motor skills
Term: Reference

Preterm: RR 2.89 (2.16-

3.86)
Fine motor skills
Term: Reference

Preterm: RR 1.91 (1.59-

2.30)
Language

Moderate
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Schendel 1997 Regional
(USA) prospective
cohort study

n=367 VLBW
children
(<15009)
n=555 NBW
children
(225009)
n=524 MLBW
children (1500-
2499q)

Note that small
number of
participants were
born prior to
1990 (study
dates 12/1989-
03/1991).

Adjusted for gender,
maternal age,
maternal education,
maternal race, marital
status, Medicaid use,
maternal residence,
maternal smoking
and alcohol intake.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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The Denver Il was
used to screen
children for possible
developmental delay.
Nine outcomes were
used in this analysis.
Eight of the outcomes
were based on two
measures of
performance in each
of four domains:
personal-social,
language, fine motor
adaptive skills and
gross motor skills.
One of the two
domain specific
measures was
whether the child
failed a task in each

Term: Reference

Preterm: RR 1.64 (1.33-
2.01)

Comprehension
Term: Reference

Preterm: RR 1.61 (1.25-
2.07)

Expressive language skills
Term: Reference

Preterm: RR 1.65 (1.31-
2.07)

Communication

Term: Reference
Preterm: RR 1.76 (1.30-
2.38)

At 9-34 months

Risk of questionable overall
performance (>=2 cautions)

NBW: Reference

VLBW: OR 2.74 (1.74-4.31)
MLBW: Reference

VLBW: OR 1.66 (1.09-2.51)
Risk of abnormal overall
performance (>=2 delays)
NBW: Reference

VLBW: OR 4.81 (2.51-9.23)
MLBW: Reference

VLBW: OR 2.02 (1.18-3.45)

Risk of = 1 caution in
language outcomes

NBW: Reference
VLBW: OR 2.16 (1.39-3.37)

Moderate
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domain for which 75-
90% of children of the
same (adjusted) age
would pass. This was
denoted as receiving
a caution score in a
given domain. The
other measure was
whether a child failed
on or more tasks in
each domain for
which at least 90% of
children of the same
age would be
expected to pass
(denoted as receiving
a delay score in that
domain).

MLBW: Reference

VLBW: OR 1.41 (0.93-2.12)
Risk of = 1 delay in
language outcomes

NBW: Reference

VLBW: OR 2.97 (1.61-5.47)
MLBW: Reference

VLBW: OR 1.79 (1.04-3.09)

Risk of 2 1 caution in fine
motor-adaptive outcomes

NBW: Reference

VLBW: OR 2.10 (1.26-3.50)
MLBW: Reference

VLBW: OR 1.42 (0.88-2.28)

Risk of = 1 delay in fine
motor-adaptive outcomes

NBW: Reference

VLBW: OR 4.88 (2.34-
10.20)

MLBW: Reference
VLBW: OR 1.6 (0.9-2.84)

Risk of = 1 caution in gross
motor outcomes

NBW: Reference

VLBW: OR 4.95 (2.89-8.47)
MLBW: Reference

VLBW: OR 2.16 (1.39-3.34)
Risk of = 1 delay in gross
motor outcomes

NBW: Reference

VLBW: OR 6.26 (2.87-
13.65)
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Stene-Larsen Prospective
2014 (Norway) population based
cohort study.

Sample recruited
n=101624
(Original sample
in Mother and
Birth Cohort
Study)

Sample analysed
after exclusions
n=32314 children
(n=1673 children
born at 34-36
weeks;

n=30641 children
born at 3941
weeks)

Emergency
Caesarean delivery,
maternal gestational
diabetes,
preeclampsia/HELLP
syndrome, multiple
gestation, small for
gestational age, 5
minute Apgar score
<6, diagnosis of
respiratory distress or
intracranial bleeding
and use of
mechanical
ventilation after birth.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Child communication
impairments at the
age of 18 months
were measured using
3 specifically selected
items from the Ages
and Stages
Questionnaire (ASQ),
as rated by the child's
mother. Two of these
assess receptive
communication skills
and the other
assesses expressive
communication skills.
To identify children at
risk for clinically
significant
communication
impairments, a cutoff

MLBW: Reference

VLBW: OR 2.54 (1.38-4.68)
Risk of >=1 caution in
personal-social outcomes
NBW: Reference

VLBW: OR 2.12 (1.38-3.24)
MLBW: Reference

VLBW: OR 1.64 (1.09-2.48)
Risk of >=1 delay in
personal-social outcomes
NBW: Reference

VLBW: OR 3.21 (1.51-6.68)
MLBW: Reference

VLBW: OR 2.74 (1.36-5.53)

At 18 months of age
Communication impairments
Term: Reference

34-36 weeks: OR 1.74
(1.41-2.14)

At 36 months of age
Communication impairments
Term: Reference

34-36 weeks: OR 1.19
(0.96-1.47)

Expressive language
impairments

Term: Reference

34-36 weeks: OR 1.37
(1.09-1.73)

Moderate
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of 2SD above the
cohort mean was set.
Communication
impairments at 36
months were
assessed using 6
items from the ASQ
measuring
expressive (3 items)
and receptive (3
items)
communication skills,
as rated by the child's
mother. A cut off of
2SD above the cohort
mean was set to
identify children at
risk. Expressive
communication
impairment was
measured using the
parent-based
assessment of
grammar abilities
(Dale 2003). Mothers
are asked to select
which category best
describes how their
child talks: (1) not yet
talking, (2) talking,
but not
understandably, (3)
talking in single word
utterances, such as
"milk", (4) child is
talking in 2-3 word
phrases, such as "me

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Woythaler 2011 Prospective n=1200 late
(US) national cohort preterm babies
study. n=6300 term
babies

Executive function

Gestational age,
plurality, maternal
race, education,
marital status,
depression, prenatal
care, primary
language, infant
gender, poverty level,
delivery type, fetal
growth and any
breast milk feeding.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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got ball", (5) child is
talking in fairly
complete sentences,
such as "can | go
outside?" and (6)
child is talking in long
and complicated
sentences, such as
"when | went to the
park, | went on the
swings". The
measure was
dichotomised so that
a score of 25 was
coded 0 and a score
of <4 was coded 1.

Psychomotor
development index
(PDI) using the
Bayley Short Form
Research edition
(BSF-R). This was
administered in the
child's home by
trained personnel.
Each administrator's
testing and scoring
were validate through
in person quality
control visits and
videotaped
interviews. Score of
<70 considered as a
delay.

At 24 months (chronological
age)

Risk of severe psychomotor
developmental delay (PDI
score <70)

Term: Reference

Late preterm: OR 1.56
(1.29-1.88)

Risk of mild psychomotor
developmental delay (PDI
score 70-84)

Term: Reference

Late preterm: OR 1.58
(1.37-1.83)

Moderate
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Farooqi 2016
(Sweden)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

Regional
prospective
cohort study

N=134 extremely
preterm infants
(<26 weeks’)
N=103 term
infants

Adjusted for sex,

composite social risk,

and mother’s country
of origin.
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Executive function
(cognitive function
and behavioural
function) was
measured using the
following tests:

Six core subsets
were selected from
Wechsler Intelligence
Scale for Children
(WISC-III-R) to
assess general
intelligence (full scale
1Q), cognitive
assessment
(inhibition, working
memory and shifting
strategy) related to
executive function
Tower test of Delis-
Kaplan Executive
Function Scale (D-
KEFS) was used to
visual attention and
visual spatial skills
(spatial planning, rule
learning, Inhibition,
establishing and
maintaining cognitive
set/problem solving)
To assess
behavioural
parameters related to
executive function,
parts of the Five to
Fifteen (FTF) were

At 10 to 15 years
(chronological age)
Executive function (EPT
(23-25 weeks GA, total) vs
control, in total population,
scoring <-2SD on WISC-III-
R):

Verbal working memory
(digit span): OR 12.8
(95%Cl 3-56)

Non-verbal memory
(coding): OR 10.0 (95%ClI
2.9-35.0)

Spatial conceptualisation
(block design):

OR 18.0 (95%CI 4-77)
Visual reasoning (picture
arrangement):

OR 4.7 (95%CI 1.8-12.7)
Planning ability (Tower test):
OR 26.0 (95%CI 3.4-192)
Executive function (EPT
(23-25 weeks GA) vs
control, in those children
who did not have NS| and
had FSIQ >70) (scoring <-
2SD on WISC-lII-R)
Verbal working memory
(digit span):

OR 3.6 (95%CI 0.7-19)
Non-verbal memory
(coding): OR 5.5 (95%ClI
1.1-27)
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National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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used to assess
attention,
hyperactivity/impulsivi
ty, hypoactivity,
planning/organisation
, and working
memory. The
domains of the parent
and teacher FTF
were collapsed into a
primary Executive
Function Composite
Score (EFCS)
domain)

The learning skills
domain from the FTF
was used to assess
learning skills
(teacher and parent
reported) in school
subjects (maths,
reading and writing,
as well as coping in
learning).
Impairments in the
inattention individual
domains of executive
function and learning
skills were defined as
2 SD (>95th
percentile) greater
than the normative
mean in the parent
FTF or 2SD above
the mean z scores for
controls in the
teacher FTF,

Memory, attention,
distractibility (Arithmetic):
OR 7.9 (95%CI 1.7-37)

Visual reasoning (picture
arrangement):

OR 2.1 (95%CI 0.6-7.3)
Planning ability (Tower test):
P 0.007

Spatial conceptualisation
(block design):

P <0.001

Behavioural assessment
(EPT (23-25 weeks GA) vs
control, in total population,
scoring >2SD on FTF)
Executive function
composite score (parent):
OR 16.1 (95%Cl 2.1-122.1)
Executive function
composite score (teacher):
OR 5.7 (95%Cl 2.1-15.4)
Attention (parent):

OR 13.5 (95%CI 1.8-104.0)
Attention (teacher):

OR 5.6 (95%CI 2.2-14.0)
Hyperactivity/impulsivity
(parent):

P <0.001
Hyperactivity/impulsivity
(teacher):

OR 2.6 (95%CI 0.95-67.0)
Hypoactivity (parent):

OR 4.4 (95%Cl 1.2-15.7)
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corresponding to Hypoactivity (teacher):

significant difficulties  oR 5.0 (95%Cl 1.8-13.8)
Planning/organisation
(parent): OR 4.6 (95%Cl
1.9-10.9)
Planning/organisation
(teacher): OR 8.6 (95%ClI
2.9-254)
Working memory (parent):
OR 5.6 (95%CI 1.9-16.8)
Working memory (teacher):
OR 9.6 (95%CIl 3.3-28.6)
Behavioural assessment
(EPT (23-25 weeks GA) vs
control, in those children
who did not have NSI and
had FSIQ>70, scoring >2SD
above mean on FTF)
Executive function
composite score (parent):
P=0.003
Executive function
composite score (teacher):
OR 5.8 (95%CI 1.6-21.1)
Attention (parent):
P=0.002
Attention (teacher):
OR 4.2 (95%CI 1.5-11.9)
Hyperactivity/impulsivity
(parent): P=0.007
Hyperactivity/impulsivity
(teacher):

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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OR 1.8 (95%CI 0.85-6.0),
P=0.35

Hypoactivity (parent):

OR 10.7 (95%CI 1.3-89.9)
Hypoactivity (teacher):
OR 6.3 (95%CIl 1.8-22.4)

Planning/organisation
(parent): OR 3.3 (95%Cl
1.2-9.6)

Planning/organisation
(teacher): OR 6.7 (95%CI
1.8-24.2)

Working memory (parent):
OR 10.2 (95%CI 1.3-83.2)
Working memory (teacher):
OR 9.9 (95%CI 2.1-45.0)

Learning skills (EPT (23-25
weeks GA) vs control, in
those children who did not
have NSI and had FSIQ
>70, scoring >2SD on FTF)

Reading/writing (parent):
OR 12.5 (95%CI 1.6-99.1)
Reading/writing (teacher):
OR 3.6 (95%CIl 1.3-9.7)
Mathematics (parent):

OR 21.4 (95%Cl 2.8-165.2)
Mathematics (teacher):

OR 8.8 (95%CI 3.5-22.2)
General learning (parent):
P <0.001

General learning (teacher):
OR 18.2 (95%Cl 2.3-142.6)
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Farooqi 2013 Population based n=83 preterm Gender, social risk The FTF
(Sweden) prospective children (<26 and family function. questionnaire was
cohort study weeks’) used to assess
n=86 term aspects of executive
controls function and
attention/hyperactivity
. Scores of >2SD

above the mean were
considered problem
scores.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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At 11 years of age
(assumed to be
chronological age)

Total population
Hypoactivity problems
Term: Reference

Preterm: OR 1.5 (0.5-4.5)t
Preterm: OR 3.8 (1.2-12.2)f
Planning/Organising
problems

Term: Reference

Preterm: OR 5.9 (2.1-16.9)
+

Preterm: OR 4.7 (1.6-13.4)f

Working memory problems
Term: Reference

Preterm: OR 8.6 (1.8-39.7)t
Preterm: OR 5.5 (2.1-14.5)t
Population after excluding
those with neurosensory
impairment

Hypoactivity problems
Term: Reference

Preterm: OR 1.6 (0.47-5.3)t
Preterm: OR 5.1 (1.3-19.1)%
Planning/Organising
problems

Term: Reference

Preterm: OR 5.03 (1.6-16.2)
+

Preterm: OR 5.9 (1.8-18.8)f
Working memory problems

High
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Rautava 2010

(Finland) cohort study

children

n=176 term
controls (38-42
weeks gestation)

Behavioural, social, emotional or attention problems

de Jong 2015 Multicentre n=116

(The prospective moderately

Netherlands) cohort preterm children
(32-36 weeks
gestation)
n=99 term

children (37-41
weeks gestation)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

Population based n=588 preterm
(<32 weeks
gestation) and/or
VLBW (£15009)

Sex, family structure
and the mother’s and
father’s years of
education and
employment status.

Analyses were
adjusted for maternal
education level and
maternal age at birth.
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The FTF was used to
assess behavioural
outcomes. Results
are presented as rate
ratios comparing
mean scores in
preterm/VLBW
children to controls.

Behavioural problems
were assessed with
the CBCL. For total
problems and
broadband scales,
scores of 60 or above
were considered
abnormal. For the
subscales, scores of
65 or above were
considered abnormal.

Term: Reference

Preterm: OR 14.2 (1.7-
116.2)t

Preterm: OR 6.6 (2.4-18.8)%
T as rated by parents

T as rated by teachers

At 5 years of age
(chronological)
Planning/Organising
problems

Term: Reference

Preterm: RR 1.34 (1.07-
1.68)

Memory problems
Term: Reference

Preterm: RR 1.26 (1.01-
1.58)

Moderate

At 24 months (corrected High
age)

Total behavioural problems

Term: Reference

32-36wks: OR 1.37 (0.31-

6.02)

Internalising problems

Term: Reference

32-36wks: OR 3.70 (0.41-
33.09)

Externalising problems
Term: Reference

32-36wks: OR 1.88 (0.54-
6.54)
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Delobel-Ayoub
2006

(France)

Population based
prospective
cohort study
(EPIPAGE)

n=1228 preterm
babies born at
22-32 weeks
n=447 term
controls born at
39-40 weeks

For the comparison
of term and preterm
children, OR were
adjusted for gender,
maternal age at birth,
birth order, maternal
education, marital
status of the mother,
hospitalization during
the last year,
neurodevelopmental
delay and the health
of the child (assessed
by the parents) at 3
years of age. For the
analyses based on
preterm children only

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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The SDQ was used
to assess behavioural
problems. Cut-offs
were defined so that
10% of the term
control group were
considered to have a
behavioural problem.

Emotionally reactive
Term: Reference

32-36wks: OR 3.70 (0.40-
34.22)

Somatic complaints
Term: Reference

32-36wks: OR 2.26 (0.58-
8.83)

Withdrawn
Term: Reference

32-36wks: OR 0.76 (0.04-
15.14)

Attention problems
Term: Reference

32-36wks: OR 1.06 (0.28-
4.04)

At 3 years of age (assumed
chronological)

Total difficulties score
Term: Reference
Preterm: OR 1.9 (1.3-2.8)
Hyperactivity

Term: Reference
Preterm: OR 1.7 (1.2-2.5)
Conduct problems

Term: Reference
Preterm: OR 1.6 (1.1-2.3)
Emotional symptoms
Term: Reference
Preterm: OR 1.4 (1.0-2.1)
Peer problems

Moderate
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Delobel-Ayoub Population based n=1102 preterm

2009 prospective babies born at
(France) cohort study 22-32 weeks
(EPIPAGE) n=375 term
controls born at
39-40 weeks

Farooqi 2013
(Sweden)

Population based n=83 preterm
prospective children (<26
cohort study weeks’)

OR were also
adjusted for
gestational age,
cerebral lesions and
hospitalization in
NICU =13 weeks.

All outcomes
adjusted for cognitive
performance,
maternal age at birth,
development of the
child (assessed by
the parents),
hospitalisations
between birth and 5
years and mental
wellbeing of the
mother during the
previous month. For
the analyses
comparing preterm
and term children,
OR were also
adjusted for the
health of the child.

Gender, social risk
and family function.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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The SDQ was used
to assess behavioural
problems. Cut-offs
were defined so that
10% of the term
control group were
considered to have a
behavioural problem.

The FTF
questionnaire was
used to assess
aspects of executive

Term: Reference
Preterm: OR 1.5 (1.0-2.3)

Within the preterm cohort
only

Gestational age
Total difficulties score
31-32 weeks: Reference

29-30 weeks: OR 0.9 (0.6-
1.3)

24-28 weeks: OR 1.4 (0.9-
2.2)

At age 5 years (assumed
chronological age)

Total difficulties score
Term: Reference
Preterm: OR 1.8 (1.2-2.8)
Within the preterm cohort
Total difficulties score
Gestational age

(24-26 weeks, 27-28 weeks,

29-30 weeks, 31-32 weeks
(ref))

Not significant on univariate
analysis

At 11 years of age
Total population
Attention problems

Moderate

High
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Farooqi 2007
(Sweden)

Nationally-
representative
population-based
cohort study

n=86 term
controls

n=169 total
sample

n=83 extremely
immature (El)
children born
before 26
completed weeks
of gestation
n=86 control
children with
normal birth

Sex, social risk,
family function,
maternal mental
health risk score, and
presence of a chronic
medical condition.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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function and
attention/hyperactivity
. Scores of >2SD
above the mean were
considered problem
scores.

Parents completed
the Child Behavior
Checklist (CBCL) for
ages 4 to 18 years
and the teachers
completed the
analogous Teacher
Report Form (TRF).
Both forms include
118 items for scoring
particular

Term: Reference

Preterm: OR 2.8 (0.81-9.6)t
Preterm: OR 4.2 (1.3-13.5)%
Hyperactivity/impulsivity
problems

Term: Reference

Preterm: OR 2.3 (0.72-7.2)t
Preterm: OR 2.7 (0.7-10.9)t
Population after excluding
those with neurosensory
impairment

Attention problems

Term: Reference

Preterm: OR 2.5 (0.6-11.2)f
Preterm: OR 5.2 (1.4-19.7)f
Hyperactivity/impulsivity
problems

Term: Reference

Preterm: OR 1.8 (0.48-6.9)t
Preterm: OR 2.0 (0.5-9.1)%
T as rated by parents

T as rated by teachers

At 11 years
Anxious/depressed

Term: Reference

<26 week: OR 2.56 (1.06-
6.18) T

<26 week: OR 3.54 (1.39-
9.03)

Withdrawn

Term: Reference

<26 week: OR 2.9 (1.27-
6.63) T

High
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weight born at
term at the same
hospital, of the
same gender
and nearest in
birth date (7
days) to the
extremely
immature child.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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behaviour/emotional
problems, plus 2
open-ended problem
items. Principal-
component analyses
reveal 8 sets of
behaviours:
withdrawn, somatic
complaints, anxious
or depressed, social
problems, thought
problems, attention
problems, delinquent
behaviour, and
aggressive
behaviour. Principal-
factor analyses of the
8 categories produce
2 broad groupings,
namely, internalizing,
derived from the sum
of the items in the
first 3 sets, and
externalizing, derived
from the last 2
(delinquent behaviour
and aggressive
behaviour). The
remaining 3
categories (social,
thought, and attention
problems) represent
problems that fit
either broad
grouping. Scores
above the 90th
percentile for the

<26 week: OR 3.15 (1.25—
8.0)t

Somatic complaints

Term: Reference

<26 week: OR 1.26 (0.42-
3.72) 1

<26 week: OR 3.94 (1.37—
11.32)

Social problems

Term: Reference

<26 week: OR 1.92 (0.79-
4.63) t

<26 week: OR 2.86 (1.08—
7.58)

Thought problems

Term: Reference

<26 week: OR 1.78 (0.71-
4.5)t

<26 week: OR 5.04 (1.87—
13.61)

Attention problems

Term: Reference

<26 week: OR 3.46 (1.40-
8.54)

<26 week: OR 3.43 (1.26—
9.35)

Aggressive behaviour
Term: Reference

<26 week: OR 0.99 (0.36-
2.73)t

<26 week: OR 1.33 (0.53—
3.33)

Delinquent behaviours

Term: Reference
<26 week: OR 0.87 (0.31-
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Fevang 2016
(Norway)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

National
prospective
cohort study

Father’s educational
status.

n=216 extremely
preterm/extremel
y low birth weight
(EP/ELBW)
children (born at
<28 weeks of
gestation or with
birth weight
<1000 g)
n=1767
reference
children with
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control subjects of
the same gender
were classified as
being in the abnormal
range.

Children completed a
self-report with a
depression self-rating
scale (DSRS).32 The
DSRS is an 18-item
self-report
questionnaire
composed of a
psychiatric symptom
checklist that
measures anxiety
and depression.
Scores above the
90th percentile for the
control subjects of
the same gender
were classified as
being in the abnormal
range.

The Autism Spectrum
Screening
Questionnaire
(ASSQ) consists of
27 items reflecting
symptoms of ASD.
The Swanson,
Noland, and Pelham
Questionnaire,
Revision IV (SNAP-
IV) is a screening tool
for ADHD.

2.49)

<26 week: OR 2.20 (0.89—
5.45)

Internalising behaviours
Term: Reference

<26 week: OR 3.35 (1.38-
8.11)

<26 week: OR 3.51 (1.41—
8.78)

Externalising behaviours
Term: Reference

<26 week: OR 0.76 (0.22-
261)t

<26 week: OR 1.76 (0.65—
4.76)

Total problems

Term: Reference

<26 week: OR 2.86 (1.17-
7.0)t

<26 week: OR 3.1 (1.19-
8.07)

T as rated by parents
I as rated by teachers

Assessed at 11 years
Autism spectrum disorder
symptoms (ASSQ >=95th
percentile)

Parent report

Term: reference

EP/ELBW: OR 2.3 (1.4-3.8)
Teacher report

Term: reference
EO/ELBW: OR 6.6 (4.3-10)

Low
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parental reported
data and

n=1880
reference
children with
teacher reported
data

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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A 5-item parental
version of SCARED
to assess anxiety
symptoms.

Five unvalidated
OCD questions
derived from the
Diagnostic and
Statistical Manual of
Mental Disorders,
Fourth Edition and
International
Classification of
Diseases, 10th
Edition guidelines
were used.

The Strength and
Difficulties
Questionnaire (SDQ)
is a general
behavioural
screening. These
items are collapsed
to form the total
difficulties score.
The Screen for Child
Anxiety Related
Emotional Disorders
(SCARED) and the
Symptoms of
Obsessive-
Compulsive Disorder
questionnaires were
completed by
parents, and the
other questionnaires

Inattention symptoms
(SNAP-1V)

Parent report

Term: reference

EP/ELBE: OR 4.8 (3.2-7.6)
Teacher report

Term: reference

EP/ELBE: OR 5.6 (3.6-8.7)
Hyperactivity/impulsivity
symptoms (SNAP-IV)
Parent report

Term: reference

EP/ELBE: OR 3.3 (2.1-5.2)
Teacher report
Term:reference

EP/ELBW: OR 2.7 (1.6-4.6)
Anxiety symptoms
(SCARED)

Parent report

Term: reference

EP/ELBW: OR 2.3 (1.4-3.7)
OCD symptoms

Parent report

Term: reference

EP/ELBW: OR 2.6 (1.6-4.3)
SDQ total difficulties

Parent report

Term: reference

EP/ELBW: OR 3.1 (2.1-4.6)
Teacher report

Term: reference

EP/ELBW: OR 4.0 (2.7-5.8)
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Gurka 2010
(US)

Prospective
cohort study

n=1298 (of which
n=53 born at 34-
36 weeks of
gestation, the
rest at term)

Child race (white vs
non-white), maternal
age (in years),
maternal education
(in years), whether
the mother
experiences health
problems during the
pregnancy, delivery
type (vaginal vs
caesarean), mean
Home Observation
for Measurement of
the Environment
scores during the first
3 years of life (a
measure of the
quality of the home
environment), mean

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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by both parents and
teachers. A scale
score 295th
percentile for the
reference group was
classified as a high
score for all the
questionnaires
except for the
Strengths and
Difficulties
Questionnaire (SDQ),
for which the total
difficulties score
290th percentile
(TDS90) is accepted
as a high score.

Behavioural and
emotional problems:
externalising
behaviours;
internalising
behaviours;
aggressive
behaviours;
anxiety/depression,
assessed with the
Child Behaviour
Checklist (CBCL)
completed by
parents. The CBCL
has been age-
standardized on large
samples of children in
the US and abroad.
Each of the 118

From 4 to 15 years of age
(full-term vs late-preterm):
External behaviours:

No significant difference
between the groups over
time.

Internal behaviours:

No significant difference
between the groups over
time.

Aggressive behaviours:
No significant difference
between the groups over
time.

Anxiety/depression:

No significant difference
between the groups over
time.

Moderate
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Higa Diez 2016
(Japan)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

Population-
based national
longitudinal
cohort study
(Longitudinal
Survey of Babies
in the 21st
Century)

maternal depression
scores (Center for
Epidemiological
Studies-Depression
Scales) during the
first 3 years of the
child's life, and the
mother's verbal
ability, assessed
using the Peabody
Picture Vocabulary
Test-Revised.

n=34163 (total Sex, singleton or not,

sample) maternal age at
n=356 children delivery, maternal
born at <34 education attainment
weeks and maternal

n=1287 children ~ SMoking status.

born at 34-36
weeks
n=children born
at 37-38 weeks
(results not
presented)
n=children born
at 39-41 weeks
(reference group)
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problem items is
scored on a Likert
scale based on the
preceding 6 months.
Scores on each item
are summed to give a
raw total problem
score, which is then
converted to a T-
score (mean [SD]=50
[10]). Higher scores
indicare more
behavioral and
emotional problems.
Four of the scales in
the study were used
in the study to
examine behavioural
and emotional
functioning.

Parents filled in the
Child Behaviour
Checklist (CBCL) 4-
18 for Japan. A total
of seven behavioural
outcomes were
assessed, three in
relation to attention
problems: interrupting
people; inability for
the child to wait for
his/her turn during
play; failure to pay
attention to the
surrounding area
when crossing a

At 8 years

Attentional problems:
Interrupting people

39-41 weeks: Reference
34-36 weeks: OR 1.05
(0.93-1.19)

<34 weeks: OR 1.10 (0.89-
1.38)

Inability to wait his/her turn:
39-41 weeks: Reference
34-36 weeks: OR 1.28
(1.03-1.59)

<34 weeks: OR 1.72 (1.22-
2.43)

Moderate
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street, and four in
relation to
delinquent/aggressiv
e behaviours: lying;
destroying toys
and/or books; hurting
other people; causing
disturbance in public.

Failure to pay attention
crossing street:

39-41 weeks: Reference
34-36 weeks: OR 0.98
(0.85-1.14)

<34 weeks: OR 1.09 (0.84-
1.42)

Subjects who presented
adverse outcomes for all
attentional problems:

39-41 weeks: Reference
34-36 weeks: OR 1.43
(0.98-2.09)

<34 weeks: OR 2.21 (1.24-3
95)

Delinquent/aggressive
behaviours:

Lying

39-41 weeks: Reference
34-36 weeks: OR 1.10
(0.96-1.26)

<34 weeks: OR 1.15 (0.96-
1.46)

Destroying toys/books
39-41 weeks: Reference
34-36 weeks: OR 1.15
(0.95-1.39)

<34 weeks: OR 1.46 (1.07-
1.99)

Hurting other people

39-41 weeks: Reference

34-36 weeks: OR 1.08
(0.90-1.29)
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<34 weeks: OR 1.23 (0.90-
1.69)

Disturbance in public

39-41 weeks: Reference
34-36 weeks: OR 1.20
(1.04-1.38)

<34 weeks: OR 1.14 (0.89-
1.48)

Subjects who presented
adverse outcomes for all
delinquent/aggressive
behaviours

39-41 weeks: Reference
34-36 weeks: OR 1.02

(0.63-1.65)
<34 weeks: OR 1.46 (0.71-
3.00)
Hornman 2016 Multicentre n=1054 preterm  Gender, SGA, Emotional and At age 4 and 5 years Moderate
(The prospective children (<36 smoking during behavioural problems  Total emotional/behavioural
Netherlands) cohort study weeks) pregnancy, being part were assessed with problems (CBCL >=84th
(Lollipop) (n=653 of a multiple the validated Dutch percentile)
moderately pregnancy, version of the Child Emerging problems (normal
preterm children ~ multiparity, low Behaviour Checklist score at 4 y, abnormal at 5
[32-35 weeks] educattion Iedv$l of t §CBCL), ?pSpIiscabIe y)
- parents, and 1-parent for ages 1.5-5 years. .
B o anldren  family. The CBCL consists of o/ Reference
[25-31 weeks]) 99 problem items, ;3469W66k3. OR 1.58 (0.71-
n=389 term each item can be 49)
children as rated by the parents 32-35 weeks: OR 1.42
comparisons as not true (0), (0.62-3.27)

somewhat/sometimes 25-31 weeks: OR 1.88

true (1), or very/often  (0.78-4.52)
true (2). From these
ratings, the total,

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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internalising, and
externalising problem
scales were
constructed. >=84th
percentile of the
scale was considered
subclinical or clinical.
The dichotomised
CBCL outcomes at
ages 4 and 5 years
were combined,
resulting in 4
categories:
consistently normal
(normal score at both
4 and 5 years),
emerging problems
(normal score at 4
years, abnormal
score at 5 years),
resolving problems
(abnormal score at 4
years, normal score
at 5 years), and
persistent problems
(abnormal score at
both 4 and 5 years).

Resolving problems
(abnormal score at4 vy,
normal score at 5 y)

Term: Reference

<36 weeks: OR 2.71 (1.43-
5.15)

32-35 weeks: OR 3.10
(1.61-5.96)

25-31 weeks: OR 1.94
(0.92-4.12)

Persistent problems
(abnormal score at both 4
and 5y)

Term: Reference

<36 weeks: OR 2.02 (1.07-
3.81)

32-35 weeks: OR 1.93
(0.99-3.74)

25-31 weeks: OR 2.17
(1.07-4.41)

Internalising problems
(CBCL >=84th percentile)
Emerging problems (normal
score at 4 y, abnormal at 5
y)

Term: Reference

<36 weeks: OR 1.23 (0.72-
2.09)

32-35 weeks: OR 1.17
(0.67-2.05)

25-31 weeks: OR 1.34
(0.73-2.49)
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Resolving problems
(abnormal score at4 vy,
normal score at 5 y)

Term: Reference

<36 weeks: OR 2.18 (1.16-
4.09)

32-35 weeks: OR 2.16
(1.13-4.15)

25-31 weeks: OR 2.22
(1.09-4.51)

Persistent problems
(abnormal score at both 4
and 5y)

Term: Reference

<36 weeks: OR 2.04 (1.21-
3.45)

32-35 weeks: OR 1.90
(1.10-3.29)

25-31 weeks: OR 2.31
(1.28-4.17)

Externalising proble ms
(CBCL >=84th percentile)
Emerging problems (normal
score at 4 y, abnormal at 5
y)

Term: Reference

<36 weeks: OR 2.54 (1.21-
5.32)

32-35 weeks: OR 2.63
(1.23-5.63)

25-31 weeks: OR 2.37
(1.03-547)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Resolving problems
(abnormal score at4 vy,
normal score at 5 y)

Term: Reference

<36 weeks: OR 1.59 (0.90-
2.81)

32-35 weeks: OR 1.85
(1.03-3.32)

25-31 weeks: OR 1.07
(0.53-2.17)

Persistent problems
(abnormal score at both 4
and 5y)

Term: Reference

<36 weeks: OR 2.25 (1.26-

4.03)
32-35 weeks: OR 2.31
(1.26-4.23)
25-31 weeks: OR 2.14
(1.10-4.15)
Johnson 2015b Prospective n=625 late and Age, sex, SES-index To assess At 2 years (corrected age) Low
(UK) population-based moderately category, SGA, infant behavioural Behaviour problem
cohort study preterm (LMPT, cognitive impairment.  outcomes, paren’gs e [PeraE e
32-36 weeks) completed the Brief 32-36 ks: RR 1.13 (0.8
n=760 term Infant Toddler Social ” 4:2 Weexs: .13 (0.8-
controls Emotional 42)
Assessment Delayed competence
(BITSEA). The Term: Reference
BITSEA “problem 32-36 weeks: RR 1.28
scale” comprises 31 (1.03-1.58)
items that assess Problem or delay

behaviour problems
in the areas of
externalizing
problems,

Term: Reference

32-36 weeks: RR 1.17
(1.00-1.38)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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iqtgrna!izi ng Problem and delay
difficulties, Term: Reference
dysregulation, 32-36 weeks: RR 1.34
maladaptive (0.91-197) '

behaviours, and
atypical behaviours.
The BITSEA
“competence scale”
comprises 11 items
that assess areas of
attention,
compliance, mastery
motivation, prosocial
peer relations,
empathy,
imitation/play skills,
and social
relatedness and is
designed to identify
children who have
delays or deficits in
the acquisition of
social-emotional
competencies
(irrespective of
whether behaviour

problems are
present).
Potijk 2015 Multicentre n=915 Socioeconomic The Dutch versionof At age 4 years (assumed to  Moderate
(The prospective moderately status, gestational the CBCL was used  be chronological)
Netherlands) cohort study preterm children  age, gender, number  to identify Total behavioural problems
(32-35+6 weeks  of siblings and behavioural GA: OR 1.24 (1.00-1.56)
gestation) maternal age. problems. The E t- i . ' bl )
n=543 term author_s state that X -erna ISing problems

Internalising problems

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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41+6 weeks were used to identify  GA: OR 1.41 (1.13-1.73)

gestation) problem scores. OR represent the risk per
SD decrease in GA.

Rautava 2010 Population based n=588 preterm Sex, family structure  The FTF was usedto At 5 years of age Moderate
(Finland) cohort study (<32 weeks and the mother's and assess behavioural (chronological)
gestation) and/or father’s years of outcomes. Results Hyperactive/impulsive
VLBW (<£1500g) education and are presented as rate
children employment status. ratios comparing
n=176 term mean scores in

controls (3842 preterm/VLBW
weeks gestation) children to controls.

Term: Reference

Preterm: RR 1.28 (1.07-
1.53)

Attention
Term: Reference

Preterm: RR 1.81 (1.47-
2.23)

Emotional/behavioural
problems

Term: Reference

Preterm: RR 1.49 (1.20-
1.84)

Internalising
Term: Reference

Preterm: RR 1.56 (1.19-
2.05)

Externalising

Term: Reference
Preterm: RR 1.39 (1.09-
1.78)

Obsessive compulsive
Term: Reference
Preterm: RR 1.79 (1.22-
2.62)

Reijneveld 2006  Population based n=402 preterm Adjustment was The CBCL was used At 5 years of age (assumed  Moderate
cohort study (<32 weeks) performed for gender, to assess behavioural to be chronological)
and/or VLBW family composition, outcomes. Results

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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(The (<15009) number of siblings were dichotomised
Netherlands) children and maternal into clinical ranges at
n=6007 educational level. the 97th percentile for
reference The authors state the individual
children fromthe that no important syndrome scales,
general differences were and at the 90th
population noted, therefore percentile for the total
unadjusted results problems score and
are reported. internalising/

externalising scales.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Total problems

General population:
Reference
Preterm/VLBW:OR 1.60
(1.18-2.17)

Internalising problems
General population:
Reference
Preterm/VLBW: OR 1.06
(0.71-1.57)
Externalising problems
General population:
Reference
Preterm/VLBW: OR 1.48
(1.08-2.03)

Withdrawn

General population:
Reference
Preterm/VLBW:OR 1.72
(0.82-3.60)

Somatic complaints
General population:
Reference
Preterm/VLBW:OR 1.90
(1.10-3.28)
Anxious/depressed
General population:
Reference
Preterm/VLBW:OR 1.15
(0.41-3.20)

Social problems
General population:
Reference
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Preterm/VLBW:OR 2.62
(1.38-5.16)

Thought problems

General population:
Reference

Preterm/VLBW:OR 2.72
(1.49-4.94)

Attention problems

General population:
Reference

Preterm/VLBW:OR 3.45
(2.02-5.89)

Delinquent behaviour

General population:
Reference

Preterm/VLBW:OR 2.65
(1.39-5.08)

Aggressive behaviour

General population:
Reference

Preterm/VLBW:OR 1.58
(0.90-2.77)

Sex problems
General population:

Reference
Preterm/VLBW:OR 1.48
(0.68-3.24)
Special educational needs
Chan 2014 (UK) A nationally n=6031 Sex, child's age in School performance At 7 years of age Low
representative school year taking was investigated KS1 overall
longitudinal study into account using the statutory Term (39-40 weeks):
(The Millennium premature children Key Stage 1 (KS1) Referénce W )
who if born at full teacher assessments

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Cohort Study
(MCS))

term would have
been placed in the
year below, multiple
birth, firstborn status,
mother's age,
mother's education,
mother's social class,
marital status,
smoking during
pregnancy.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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performed in the third
school year in
England. At KS1,
children generally
perform between
level 1 (below
expected level) to
level 3 (considerably
above the expected
level), with adequate
performance
categorised as
achieving level 2 or
above. KS1 results
were obtained from
the Department of
Education's National
Pupil Database.

<32 weeks: OR 1.78 (1.24-
2.54)

32-33wks: OR 1.71 (1.15-
2.54)

34-36 weeks: OR 1.36
(1.09-1.68)

KS1 reading

Term (39-40 weeks):
Reference

<32 weeks: OR 1.84 (1.12-
3.05)

32-33 weeks: OR 1.82
(1.12-2.98)

34-36 weeks: OR 1.55 (1.2-
2)

KS1 writing

Term (39-40 weeks):
Reference

<32 weeks: OR 1.82 (1.24-
2.68)

32-33 weeks: OR 1.69
(1.14-2.5)

34-36 weeks: OR 1.35
(1.07-1.71)

KS1 speaking and listening
Term (39-40 weeks):
Reference

<32 weeks: OR 2.48
(1.63-3.78)

32-33 weeks: OR 1.58
(0.79-3.17)

34-36 weeks: OR 1.36
(0.96-1.94)

KS1 mathematics
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Larroque 2011 Population based n=1439 preterm

(France) prospective children (22-32
cohort weeks)
(EPIPAGE) n=327 term
controls (3940
weeks)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

Maternal age at
childbirth, parity,
maternal level of
education, maternal
birth place, SES and
Sex.
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Parental
questionnaire was
used to identify
whether the child
attended special
schooling or had
additional support at
school.

Term (39-40 weeks):
Reference <32 weeks: OR

1.89 (0.92-3.64)

32-33 weeks: OR 1.96
(0.97-3.99)

34-36 weeks: OR 1.03
(0.66-1.59)

KS1 science

Term (39-40 weeks):
Reference

<32 weeks: OR 1.87 (0.93-
3.74)

32-33 weeks: OR 2.25
(1.16-4.38)

34-36 weeks: OR 1.33
(0.91-1.94)

At 8 years (assumed to be
chronological)

Risk of being in an
institution or special
school/class

Term: Reference
Preterm: OR 3.0 (0.9-9.8)
Risk of being in a
mainstream class with the
year repeated

Term: Reference
Preterm: OR 4.4 (2.3-8.2)

Risk of needing special care
and/or support at school

Term: Reference
Preterm: OR 2.0 (1.5-2.6)

Moderate
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MacKay 2010 Retrospective

(UK) cohort using
national registry
data

MacKay 2013 Retrospective

(UK) cohort using
national registry
data

n=21959 preterm
(24-36 weeks)
n=130798 term
controls (40
weeks)
n=407503 total
sample of the
study (including
37-39 GA and
>40 GA)

Note that some
participants were
born prior to
1990
(participants
aged 5to 18
years were
assessed in
2005).

n=21959 preterm
(24-36 weeks)
n=215935 term
controls (40 - 41
weeks)

Note that some
participants were
born prior to
1990
(participants
aged 5to 18
years were
assessed in
2005).

Infant sex, maternal
age and height,
marital status, parity,
birth weight centile,
induction of labour,
mode of delivery,
year of delivery,
previous
spontaneous and
therapeutic abortions
and 5 minute Apgar
score.

Infant sex, maternal
age and height,
marital status, parity,
induction of labour,
mode of delivery,
year of delivery,
previous
spontaneous and
therapeutic abortions,
and the 5 minute
Apgar score.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

81

The 2005 school
census was used to
identify children with
reported special
educational needs.

The 2005 school
census was used to
identify children with
reported special
educational needs.

At 5-18 years of age
(assumed to be
chronological)

Risk of SEN according to
gestational age

40 weeks : Reference
33-36 weeks : OR 1.53
(1.43-1.63)

28-32 weeks : OR 2.66
(2.38-2.97)

24-27 weeks : OR 6.92
(5.58-8.58)

At 5-18 years of
age(assumed chronological)
Risk of sensory SEN
according to gestational age
40-41wks: Reference
33-36wks: OR 1.73 (1.18-
2.52)

28-32wks: OR 4.44 (2.56-
7.71)

24-27wks: OR 23.64 (12.03-
46.45)

Risk of physical or motor
SEN according to
gestational age

40-41wks: Reference

Moderate

Moderate
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33-36wks: OR 2.99 (2.27-
3.95)

28-32wks: OR 16.01 (11.78-
21.75)

24-27wks: OR 29.69 (17.49-
50.40)

Risk of language SEN
according to gestational age
40-41wks: Reference
33-36wks: OR 1.03 (0.72-
1.48)

28-32wks: OR 1.88 (0.99-
3.55)

24-27wks: OR 1.64 (0.22-
12.02)

Risk of social, emotional or
behavioural SEN according
to gestational age
40-41wks: Reference
33-36wks: OR 1.34 (1.12-
1.61)

28-32wks: OR 1.24 (0.80-
1.92)

24-27wks: OR 1.90 (0.60-
6.07)

Risk of specific learning
difficulties SEN according to
gestational age

40-41wks: Reference
33-36wks: OR 1.26 (1.09-
1.46)

28-32wks: OR 1.54 (1.13-
2.12)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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24-27wks: OR 3.56 (1.80-
7.05)

Risk of intellectual SEN
according to gestational age

40-41wks: Reference

33-36wks: OR 1.93 (1.74-
2.14)

28-32wks: OR 3.11 (2.56-
3.77)

24-27wks: OR 11.67 (8.46-
16.10)

Risk of ASD SEN according
to gestational age
40-41wks: Reference

33-36wks: OR 0.93 (0.72-
1.21)

28-32wks: OR 1.95 (1.29-
2.96)

24-27wks: OR 2.56 (0.80-
8.20)

Risk of unspecified SEN
according to gestational age

40-41wks: Reference
33-36wks: OR 1.56 (1.26-

1.94)
28-32wks: OR 2.42 (1.60-
3.65)
24-27wks: OR 5.01 (2.16-
11.64)
Odd 2016 Regional N=775 children Adjusted for ethnicity, Mandatory UK At 5-7 years Moderate
(UK) prospective born at <37 maternal education, educational Low score at KS1
cohort study weeks of S0Cio-economic assessments done at  \1atched for date of birth
(ALSPAC) gestation group, age, gender, 4 stages, the stages atched for dafe ot bl
maternal parity, are Key Stage (KS) 1

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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weight at birth, length
and birth, head
circumference at
birth, mode of birth,
maternal
hypertension.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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at 5-7 years, KS2 at
7-11 years, KS3 at
11-14 years, and KS4
at 14-16 years. The
test is done at the
end of each stage.
Governmental
standards set the
minimum standard
expected at each
stage of the first 3
stages and this was
used as the cut-off for
a low score. At the
end of KS4 children
take their school
exams and an a-priori
cut-off of 5 General
Certificates of
Secondary Education
(GCSE) or equivalent
at A* to C level was
used to define a
normal score at this
age. At KS4, <5
passes at A*to C
level was considered
as poor/low
attainment at KS4.
Children identified as
having special
educational needs
(SEN) in KS4 were
identified from the
Pupil Level Annual

Term (37-42 weeks):
Reference

Preterm (<37 weeks): aOR
1.44 (95% CI1.17-1.77)

At 7-11 years
Low score at KS2
Matched for date of birth

Term (37-42 weeks):
Reference

Preterm (<37 weeks): aOR
1.20 (95% CI1 0.99-1.46)

At 11-14 years
Low score at KS3
Matched for date of birth

Term (37-42 weeks):
Reference

Preterm (<37 weeks): aOR
1.11 (95% CI1 0.91-1.35)

At 14-16 years

Low score at KS4
Matched for date of birth
Term (37-42 weeks):
Reference

Preterm (<37 weeks): aOR
1.10 (95% CI1 0.91-1.34)

At 14-16 years

SEN

Matched for date of birth
Term (37-42 weeks):
Reference

Preterm (<37 weeks): aOR
1.39 (95% CI 1.14-1.68)
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Odd 2013a
(UK)

Peacock 2012
(UK)

Regional
prospective
cohort study
(ALSPAC)

Population-
based

longitudinal study

n=722 preterm
infants (<37
weeks)
n=11268 term
infants (37-42
weeks)

Note that these
numbers
represent the full
cohort, but data
on

Low KS1 score
was obtained for
11169 children
and data on
special
educational
needs was
obtained for
6174 children.
Numbers in
different GA
group not
reported by
outcome.

n=10279 children
in total (n=9683
childen born at
37-41 weeks and
n=596 born at
32-36 weeks)

Adjusted for ethnicity,
housing, crowding
and maternal
education,
socioeconomic
group, car ownership,
age, gender, parity,
weight, length and
head circumference
at birth, mode of
delivery, maternal
hypertension and
pyrexia.

Sex, age at testing,
birth weight z score
for gestational age
and gender,
pregnancy size,
maternal age, mode
of delivery, parity,
maternal smoking,
maternal education

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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School Census
(PLASC).

Teachers were asked
to report whether the
child had ever had
special educational
needs provision.

Data on Key Stage 1
assessments were
obtained from local
education authorities.
The results for the
three assessment
domains (reading,
writing and
mathematics) were

At 8 years of chronological
age

Risk of special education
needs

Term: Reference

< 37 weeks: OR 1.57 (1.19-
2.07)

32-36 weeks: OR 1.53
(1.15-2.03)

< 32 weeks: OR 1.98 (0.82-
4.82)

At 8 years of adjusted age
Risk of special education
needs

Term: Reference

< 37 weeks: OR 1.59(1.20-
2.11)

32-36 weeks: OR 1.51
(1.13-2.03)

< 32 weeks: OR 2.36 (0.98-
5.67)

At 5-7 years

Success in KS1 overall
assessment (at least level 2
in reading, writing and
mathematics)

Term (37-41 weeks):
Reference

High

Moderate
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Quigley 2012
(UK)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

Population-
based cohort
study

n=7650 total
n=84 <32 weeks;
very preterm
n=92 32-33
weeks;
moderately
preterm

n=471 34-36
weeks; late
preterm
n=1596 37-38
weeks; early
term;

and social class,
ethnicity, housing
tenure and crowding,
car use, family
income and single
parenthood.

Sex, ethnicity,
whether firstborn,
multiple birth,
breastfeeding
duration, month of
birth (age within the
school year) and
mother’s age, marital
status, education,
social class and
whether languages
other than English
were spoken at
home.
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dichotomized, with
success defined as
achieving at least
level 2, the expected
level of attainment.
Overall KS1 score
defined as having at
least level 2 in all
three domains.

Foundation stage
profile (FSP) records
the child’s
achievement as
measured by their
teacher at the end of

their first school year.

Teachers are trained
in how to conduct the
assessments, which
are based on
observations during
the whole year. The
FSP captures the

Preterm (32-36 weeks): OR
0.74 (0.59-0.92)

Success in KS1 reading
assessment (at least level 2)
Term (37-41 weeks):
Reference

Preterm (32-36 weeks): OR
0.74 (0.58-0.94)

Success in KS1 writing
assessment (at least level 2)
Term (37-41 weeks):
Reference

Preterm (32-36 weeks): OR
0.74 (0.59-0.94)

Success om KS1
mathematics assessment
(at least level 2)

Term (37-41 weeks):
Reference

Preterm (32-36 weeks): OR
0.62 (0.48-0.80)

At 5 years

Not good level of overall
achievement

23-31 weeks: RR 1.19
(1.00-1.42)

32-33 weeks: RR 1.19
(0.98-1.45)

34-36 weeks: RR 1.12
(1.04, 1.22)

39-41 weeks: Reference
Not working securely in all
three scales of personal,
social and emotional

Moderate
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n=5407 3941
weeks; full term

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

‘Early Learning
Goals’ as a setof 13
assessment scales
across six areas of
learning: 1) personal,
social and emotional
development, 2)
communication,
language and
literacy, 3)
mathematical
development, 4)
Knowledge and
understanding of the
world, 5) Physical
development, and 6)
Creative
development. Also,
the following
categories were
assessed: working
securely in all the six
above-mentioned
areas of learning;
good level of overall
achievement.

development

23-31 weeks: RR 1.53
(1.16, 2.00)

32-33 weeks: RR 1.25
(0.92, 1.72)

34-36 weeks: RR 1.14
(0.99, 1.32)

39-41 weeks: Reference
Not working securely in all
four scales of
communication, language
and literacy

23-31 weeks: RR 1.17
(0.99, 1.39)

32-33 weeks: RR 1.21
(0.98, 1.48)

34-36 weeks: RR 1.11
(1.02, 1.22)

39-41 weeks: Reference

Not working securely in all
three scales of
mathematical development
23-31 weeks: RR 1.56
(1.21, 2.01)

32-33 weeks: RR 1.35
(1.02, 1.8)

34-36 weeks: RR 1.16 (1,
1.34)

39-41 weeks: Reference
Not working securely in the
‘knowledge and
understanding of the world’
scale
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23-31 weeks: RR 1.32 (0.9,
1.93)

32-33 weeks: RR 1.47
(0.93, 2.33)

34-36 weeks: RR 1.30
(1.08, 1.56)

39-41 weeks: Reference

Not working securely in the
‘physical development’ scale
23-31 weeks: RR 1.82
(1.12, 2.96)

32-33 weeks: RR 1.64
(0.99, 2.73)

34-36 weeks: RR 1.27
(0.92, 1.74)

39-41 weeks: Reference
Not working securely in the
‘creative development’
23-31 weeks: RR 1.77 (1.3,
2.41)

32-33 weeks: RR 1.46
(0.94, 2.27)

34-36 weeks: RR 1.22
(1.02, 1.46)

39-41 weeks: Reference

Abbreviations:AGA-appropriate for gestational age; ASD-autism spectrum disorder; ASQ-Ages and Stages Questionnaire; BMI-body mass index; BRIEF-Behaviour Rating
Inventory of Executive Function; CBCL-Child Behaviour Checklist; ELBW-extremely low birth weight; FTF-Five to Fifteen questionnaire; GA-gestational age K-ABC-Kaufman
Assessment Battery for Children; MABC-Movement Assessment Battery for Children; MPC-Mental Processing Composite; NBW-nommal birth weight; NICU-neonatal intensive
care unit; OR-odds ratio; PPV T-R- Peabody Picture Vocabulary Test-Revised; RR-relative risk; SD-standard deviation; SDQ- Strengths and Difficulties Questionnaire; SEN-
special educational needs; SES-socioeconomic status; SGA-small for gestational age; VLBW-very low birth weight

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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1
2

3 Table 12: Summary of included studies on biological factors

Functional problems with feeding/sleeping/toileting

Johnson 2016 Prospective n=628 late and = Behaviour problems,
(UK) population-based moderately delayed social
cohort study preterm (LMPT) competence, SGA
children (32-36  and nasogastric tube
weeks) feeding.
n=759 term
controls (>=37
weeks)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
89

A validated eating
behaviour
questionnaire (4) was
used to assess the
presence of eating
difficulties in the 4
domains of
refusal/picky eating
(e.g., poor appetite,
food refusal, selective
eating), oral motor
problems (e.g.,
problems biting,
chewing, or
swallowing; gagging;
or choking on food),
oral hypersensitivity
(e.g., aversion to
being touched around
the mouth or having
things put in the
mouth), and eating
behaviour problems
(e.g., has tantrums or
makes a mess during
meals).

>90th percentile of the
term control group
were used to identify
children with clinically

At 2 years (corrected age) Low
Total feeding problems

AGA: Reference

SGA: RR 1.57 (0.99-2.49)
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Vohr 2000 Multicentre n=1151
(US) prospective
cohort study

Motor, developmental and language delay

Johnson 2015 Prospective n=638

(UK) cohort study late/moderately
preterm infants

Kerstjens 2013 Population based n=834

(The prospective moderately

Netherlands) cohort study

Outborn status,
maternal
hypertension,
antenatal steroids,
maternal education,
race, caesarean
section, birth weight,
surfactant, early-onset
sepsis, late-onset
sepsis, grades 3 and
4 IVH/PVL, chronic
lung disease (oxygen
requirement at 36
weeks), postnatal
steroids, small for
gestational age,
gender, and adjusted
age at time of testing.

SES, preeclampsia,
sex, breast milk at
discharge.

Maternal somatic
illness, maternal
mental illness,

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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significant eating
difficulties.

No independent
feeding, not clear how
assessed but they
report that a basic,
functional, gross
motor skills were
assessed derived
from the work of
Russell et al. and
Palisano et al.

At 2 years (corrected
age), cognitive
impairment was
assessed using the
Parent Report of
Children's Abilities-
Revised (PARCA-R).

Parents completed
the Dutch version of
the 48 months ASQ.

At 18-22 months of age Low

(corrected)

No independent feeding
Male (vs female):

Not significant (OR (95% ClI)
not reported numerically)
SGA (vs AGA):

Not significant (OR (95% Cl)
not reported numerically)
Race white (vs non-white):
Not significant (OR (95% CI)
not reported numerically)

At 2 years of age (corrected) Moderate

Moderate/severe cognitive
impairment (<2.5th
percentile PARCA-R)
White ethnic group:
Reference

Non-white ethnic group: RR
2.06 (1.10-3.83)

Female: Reference

Male: RR 7.04 (2.52-19.67)

At 43-49 months
(chronological age)

Moderate
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preterm children
(32-35 weeks)

Shankaran 2004  Prospective n=246
(US) cohort study
Vohr 2000 Multicentre n=1151
(US) prospective

cohort study

maternal pre
pregnancy obesity, in
vitro fertilization,
SGA, sex, multiple
pregnancy, breech
presentation, foetal
and maternal
induction of birth,
Caesarean delivery,
assisted delivery,
SES and parity

Neonatal brain
lesions, antenatal
steroid exposure,
sex, ethnicity/race,
household income,
BPD, surfactant
administration,
steroids for BPD,
Medicaid, no high
school degree, 2-
parent household.

Out born status,
maternal
hypertension,
antenatal steroids,
maternal education,
race, caesarean
section, birth weight,
surfactant, early-
onset sepsis, late-
onset sepsis, grades

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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The scores on each
domain add up to an
ASQ total problems
score. A score of
>2SDs below the
mean for the Dutch
reference group was
considered to
indicate
developmental delay.

The Bayley Scales of
Infant Development
(BSID-Il) was used to
assess Psychomotor
Developmental Index
(PDI). A delay in
psychomotor
development was
considered with a
PDI score <70. BSID-
Il was administered
by clinical
psychologists or
psychometricians
trained to reliability.

No independent
walking, not clear
how assessed but
they report that a
basic, functional,
gross motor skills
were assessed
derived from the work
of Russell et al.d
Palisano et al.

Abnormal ASQ total
problems score

SGA: OR 2.75 (1.25-6.08)

Male sex: OR 4.20 (2.09-
8.46)

At 18-22 months of age Low

(corrected)
PDI <70 (BSID-II)

Female: Reference
Male: OR 1.3 (0.7-2.6)

Non-black: Reference
Black: OR 1.2 (0.6-2.5)

At 18-22 months of age Low

(corrected)

No independent walking
Male (vs female):

Not significant (OR (95% ClI)
not reported numerically)
SGA (vs AGA):

Not significant (OR (95% ClI)
not reported numerically)
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3 and 4 IVH/PVL, Psychomotor Race white (vs non-white):
chronic lung disease  Developmental Index  Not significant (OR (95% ClI)
(oxygen requirement  (PDI) score <70, not reported numerically)

at 36 weeks), assessed with Bayley pp| <70 (Bayley-Il)
postnatal steroi.ds, Scale of Infant Male (vs female):

small for gestational  Development Il Not significant (OR (95% Cl)

age, gender, and (BSID-II) .
adjusted age at time not reported numerically)
SGA (vs AGA):

of testing.
° Not significant (OR (95% ClI)
not reported numerically)
Race white (vs non-white):
Not significant (OR (95% CI)
not reported numerically)

Behavioural, social, emotional and attention problems

Delobel-Ayoub Population based n=1228 preterm  For the comparison The SDQ was used At 3 years of age (assumed  Moderate

2006 prospective babies born at of term and preterm to assess behavioural chronological)
Fran cohort study 22-32 weeks children, OR were problems. Cut-offs nder
(France) Gende
(EPIPAGE) adjusted for gender,  were defined so that 45/ gifficulties score

maternal age at birth,
birth order, maternal
education, marital

10% of the term
control group were
considered to have a

Female: Reference
Male: OR 1.3 (0.9-1.7)

SGA status
Total difficulties score

Not a significant predictor on
univariate analysis

status of the mother,
hospitalization during
the last year,
neurodevelopmental
delay, the health of
the child (assessed
by the parents) at 3
years of age,
gestational age,
cerebral lesions and
hospitalization in
NICU =13 weeks.

behavioural problem.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Delobel-Ayoub Population based n=1102 preterm  All outcomes The SDQ was used At age 5 years (assumed Moderate
2009 prospective babies born at adjusted for cognitive  to assess behavioural chronological age)
(France) cohort study 22-32 weeks performance, problems. Cut-offs Gender
(EPIPAGE) maternal age at birth, were defined so that Fnif
development of the 10% of the term z%tltis\;grr]i:lﬁaagagl?/sis
child (assessed by control group were
the parents), considered to have a
hospitalisations behavioural problem.
between birth and 5
years, health of the
child and mental
wellbeing of the
mother during the
previous month.
Guellec 2011 Population based n=1677 All outcomes Behavioural problems At 5 years of age (assumed  Low
(France) prospective preterm babies adjusted for GA, were assessed using  chronological)
cohort study born at 24-32 gender, social class the French version of  24-28 week preterm infants
(EPIPAGE) weeks of the family, type of  the SDQ which was

pregnancy (single
versus multiple),
antenatal
corticosteroids,
maternal age,
nationality and parity.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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completed by the
parents. Cut-offs
were defined so that
10% of the term
control group were
considered to have a
behavioural problem.

Inattention-hyperactivity
symptoms

AGA: Reference

SGA: OR 1.29 (0.37-4.46)
Total behavioural difficulties
AGA: Reference

SGA: OR 2.30 (0.82-6.48)
29-32 week preterm infants
Inattention-hyperactivity
symptoms

AGA: Reference

SGA: OR 1.78 (1.10-2.89)
Total behavioural difficulties
AGA: Reference

SGA: OR 0.98 (0.59-1.63)
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Johnson 2015b Prospective n=625 late and
(UK) population-based moderately
cohort study preterm (LMPT,
32-36 weeks)
n=760 term
controls

Not clearly reported.
Variables that were
significant (p<.05) in
univariable analyses
were all entered into
the model. Variables
that were not
significant in this
model were dropped
in turn until only
those variables
significant at p <.05
were included in the
final model. Variables
that had been
dropped were
entered back into this
final model one at a
time to assess their
significance.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Parents completed
the Brief Infant
Toddler Social
Emotional
Assessment
(BITSEA). The
BITSEA “competence
scale” comprises 11
items that assess
areas of attention,
compliance, mastery
motivation, prosocial
peer relations,
empathy,
imitation/play skills,
and social
relatedness and is
designed to identify
children who have
delays or deficits in
the acquisition of
social-emotional
competencies
(irrespective of
whether behavior
problems are
present). Infants were
identified as having
delayed social
competence if their
total competence
score was <15th
percentile of children
of the same age and
sex in the BITSEA

At 2 years (corrected age) Low

Delayed socioemotional
competence

Ethnicity
White: Reference

Non-white: RR 1.68 (1.26-
2.24)

Sex

Female: Reference
Male: RR 1.27 0.96-1.67)
SGA

AGA: Reference

SGA: NS
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standardization

sample.
Special educational needs
Guellec 2011 Population based n=1439 Adjusted for GA, School difficulties At age 8 years Low
(France) prospective preterm babies ~ gender, social class  were defined by 24-28 week preterm infants
cohort study born at 24-32 of the family, special schooling PE—
RSP . School difficulties
(EPIPAGE) weeks maternal age and (institution or special AGA: Ref
parity. school, special class 2 NS

school, mainstream 29-32 week preterm infants
class) or low grades.  School difficulties

AGA: Reference

SGA: OR 1.74 (1.07-2.82)

Johnson 2011 <Insert Note here>  n=p19 Sex, gestational age, Teachers completed At age 11 years Low
(UK & Ireland) Eopu(ljatiorr:- . birth weight, maternal r—; questionnaire about  SEN provision
ased coho ethnicity, maternal if special educational .
study (EPICure age, maternal needs (SEN) Fem::.xle. Reference
Study) education, SES, provision was utilized Male: OR 3.08 (1.48-6.40)
antenatal steroids, by the child.
preterm premature
rupture of

membranes, vaginal
breech delivery,
chorioamnionitis, fetal
heart rate >100 bpm
at 5 minutes,
admission
temperature <35c,
CRIB score, NEC,
postnatal steroids for
chronic lung disease,
any breast milk given,
duration of NICU
admission.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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1 Abbreviations: AGA-appropriate for gestational age; ASQ-Ages and Stages Questionnaire; GA-gestational age; K-ABC-Kaufman Assessment Battery for Children; MPC-Mental
2 Processing Composite; NICU-neonatal intensive care unit; OR-odds ratio; SD-standard deviation; SDQ-Strengths and Difficulties Questionnaire; SGA-small for gestational age

3 Table 13: Summary of included studies on neonatal factors

4

Functional problems in feeding/sleeping/toileting

Vohr 2000 Multicentre n=1151
(US) prospective
cohort study

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

Outborn status,
maternal
hypertension,
antenatal steroids,
maternal education,
race, caesarean
section, birth weight,
surfactant, early-
onset sepsis, late-
onset sepsis, grades
3 and 4 IVH/PVL,
chronic lung disease
(oxygen requirement
at 36 weeks),
postnatal steroids,
small for gestational
age, gender, and
adjusted age at time
of testing.

96

No independent
feeding, not clear
how assessed but
they report that a
basic, functional,
gross motor skills
were assessed
derived from the work
of Russell et al. and
Palisano et al.

At 18-22 months of age
(corrected)

No independent feeding
IVH/PVL grade IlI-1V:

Significantly increased odds
(OR (95% CI) not reported
numerically)

Postnatal steroids :
Not significant (OR (95% CI)
not reported numerically)
NEC:

Not significant (OR (95% CI)
not reported numerically)
BPD at 36 weeks:

Significantly increased odds
(OR (95% CI) not reported
numerically)

Late-onset sepsis:

Not significant (OR (95% ClI)
not reported numerically)
Early-onset sepsis:

Not significant (OR (95% ClI)
not reported numerically)
Antenatal steroids:

Not significant (OR (95% ClI)
not reported numerically)

Low
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Motor, developmental and language delay

Adams-Chapman 19 centres of the n=6161 children  Study center, Psychomotor At 18-22 months of age Moderate
2008 National Institute ~ with severe IVH  gestational age, birth  Development Index (corrected)
(US) of Child Health or no IVH studied weight, gender, race, (PDI) <70, assessed  pp| <70
and Human in depth in this caesarean section by Bayley Scales of
Development study, and delivery, multiple Infant Development )
Neonatal classified into 5 birth, antenatal IIR, administered by IVH 3/no shunt: Reference
Research groups: steroid exposure, certified examiners).  |VH 3/shunt: OR 1.61 (1.32-
Network, 1) no IVH/no postnatal steroid 1.96)
neonatal data shunt n=5163 exposure, surfactant
obtained from the 2) IVH grade use, respiratory No IVH/no shunt: Reference
Generic 3/no shunt n=459 distress syndrome, IVH 3/shunt: OR 2.45 (2.06-
Database of the bronchopulmonary 2.91)
research g}slr\]/lﬂfrr]a_c:%\g dysplacia (BPD),
network,_foII(_)w- 4) IVH d patef‘t ductus IVH 4/no shunt: Reference
up examinations grade arteriosus,
. 4/no shunt n=311 periventricular IVH 4/shunt: OR 1.94 (1.61-
prospectively. 5) IVH grade leukomalacia (PVL), 2.34)
4/shunt n=125 infection group,
caregivers' education. No IVH/no shunt: Reference
IVH 4/shunt: OR 2.90 (2.45-
3.43)
Allred 2014 Prospective n=1085 Gestational age, birth Psychomotor At 24 months Moderate
(US) cohort study in weight z-score Development Index PDI <55

14 participating
institutions in the
Extremely Low
Gestational Age
Newborn
(ELGAN) Study

categories,
hyperoxemia (a PaO2
in the highest quartile
on 2 of the first 3
postnatal days),
Score of Neonatal
Acute Physiology-II
(SNAP-II) in the
highest quartile,
culture-proven
bacteraemia in the
first 28 days,

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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(PDI), assessed by
Bayley Scales of
Infant Development
(2nd edition) by
certified examiners.
PDI <70 was
considered as a delay
in psychomotor
development.

No ROP stage 3+:
Reference

ROP stage 3+: OR 1.6
(1.03-24)

No ROP plus disease:
Reference

ROP plus disease: OR 1.8
(1.1-3.1)

No ROP zone 1: Reference
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mechanical or high ROP zone 1: OR 1.1 (0.6-

frequency on 14 or 2.2)

more days, and No ROP threshold:

growth velocity in the Reference

lowest quartile. ROP threshold: OR 1.8 (0.6-
5.0)
No ROP prethreshold:
Reference

ROP prethreshold: OR 1.9
(1.1-3.1)

PDI 56-69

No ROP stage 3+:
Reference

ROP stage 3+: OR 1.6
(1.03-2.5)

No ROP plus disease:
Reference

ROP plus disease: OR 1.4
(0.7-2.6)

No ROP zone 1: Reference
ROP zone 1: OR 2.2 (1.2-
4.2)

No ROP threshold:
Reference

ROP threshold: OR 2.1 (0.7-
6.6)

No ROP prethreshold:
Reference

ROP prethreshold: OR 1.6
(0.9-2.9)

Carlo 2011 Cohort study in n=4924 total Maternal variables Bayley Il At 18-22 months of age Moderate
(US) 23 National sample (children  (age, marital status, Psychomotor (corrected)
Institute of Child  born at 22-25 race, diabetes, Development index PDI <70 (Bayley)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Health and weeks of hypertension/preecla  (PDI), a score <70 22-25 weeks of gestation
Human gestation) mpsia, rupture of considered a delay. No antenatal corticosteroids:
Development n=72 children membranes >24h, Reference

Neonatal born at 22 weeks ~antepartum Antenatal corticosteroids:
Research of gestation haemorrhage, and OR0.79(0.65-0.96)

Network centres

Hintz 2005
(US)

Multicentre
cohort study
using data from
the National
Institute of Child

n=553 children
born at 23 weeks
of gestation
n=1755 children
born at 24 weeks
of gestation
n=2544 children
born at 25 weeks
of gestation

n=2948

delivery mode),
multiple birth, gender,
and centre, unless
otherwise stated.

Network centre, use
of antenatal
glucocorticoids,
rupture of
membranes >24h,

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Psychomotor
development index
(PDI), assessed
through the Bayley
Scales of Infant

22 weeks of gestation

No antenatal corticosteroids:
Reference

Antenatal corticosteroids:
OR 1.47 (0.48-4.50)*
23 weeks of gestation

No antenatal corticosteroids:
Reference

Antenatal corticosteroids:
OR 0.93 (0.58-1.50)

24 weeks of gestation

No antenatal corticosteroids:
Reference

Antenatal corticosteroids:
OR 0.69 (0.49-0.95)

25 weeks of gestation

No antenatal corticosteroids:
Reference

Antenatal corticosteroids:
OR 0.82 (0.60-1.11)

*Only adjusted for gender
due to convergence
problems because of low
outcome prevalence.

At 18-22 months of age
(corrected)
PDI <70 (BSID-II)

Moderate
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Health and out born status, Development-II No NEC: Reference
Human estimated gestational (BSID-II). A score of Surgical NEC: OR 1.95
Development age, gender, race, <70 considered as a (1.25-3.04)

Neonatal birth weight, small for  delay. No NEC: Reference
Research gestational age, Medical NEC: OR 1.08
Network Very surfactant therapy, (0.66-1.80)

Low Birth Weight intraventricular

Registry haemorrhage grade 3

or 4 or cystic
periventricular
leukomalacia, sepsis,
postnatal steroid
treatment,
bronchopulmonary
dysplasia, and
highest level of
education attained by

the primary caregiver.

Kerstjens 2012 Population based n=832 Variables included in  Parents completed At 43-49 months (assumed Moderate
(The prospective moderately the final model were:  the Dutch version of  to be chronological age)
Netherlands) cohort study preterm children  birth asphyxia, the 48 months ASQ. Risk of abnormal ASQ total
(32 to 35+6 tertiary NICU The scores on each problems score
weeks) admission, domain add up to an Septicaemia (both clinical
hypoglycaemia, ASQ total problems symptoms and at least one
hyperbilirubinaemia, score. A score of positive blood culture result):
SGA and gender. >2SDs below the Not significant on univariate
mean for the Dutch 9
reference group was B
considered to indicate
developmental delay.
Kerstjens 2013 Population based n=834 SES and parity Parents completed At 43-49 months Moderate
(The prospective moderately the Dutch version of  (chronological age)
Netherlands) cohort study preterm children the 48 months ASQ.  Abnormal ASQ total

(32-35 weeks)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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The scores on each
domain add up to an
ASQ total problems

problems score
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Laughon 2009 Prospective

(US) cohort study in
14 institutions in
the Extremely
low gestational
age new born
(ELGAN) study

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

n=915

Gestational age,
single mother,
complete course of
antenatal steroids,
caesarean delivery,
delivery for
preeclampsia or
foetal indications,
SNAP-II in the top
quartile, Pao2
missing (week 1),
transfusions (packed
red blood cells),
pulmonary
deterioration, early
and persistent
pulmonary
dysfunction,
ventriculomegaly,
echolucent lesion,
echodense lesion,
NEC stage Il or
worse,
methylxanthine,
patent ductus
arteriosus, patent
ductus arteriosus
ligation, chronic lung
disease without
mechanical

101

score. A score of
>2SDs below the
mean for the Dutch
reference group was
considered to indicate
developmental delay.

Psychomotor
Developmental Index
(PDI) assessed by
the Bayley Scales of
Infant Development-
2nd Edition (BSID-II).
Score of <55 was
considered a
considerable delay.

Antenatal steroids: OR not
significant in the univariate
regression

At 2 years

PDI <55 (BSID-Il)

No BPD: Reference

BPD without mechanical
ventilation: OR 1.1 (0.6-2.0)
BPD with mechanical
ventilation: OR 1.9 (0.97—
3.9)

No complete course of
antenatal steroids:
Reference

Complete course of
antenatal steroids: OR 2.4
(1.5-3.8)

Moderate
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ventilation at 36
weeks, chronic lung

disease with
mechanical
ventilation.
Martin 2010 Multicentre n=1155 preterm  All models are The Bayley Scales of At 2 years of age (corrected) High
(USA) prospective infants (23-27+6  adjusted for public Infant Development-  pp| <70 (Bayley-Il)
cohort weeks) insurancga,.maternal Secc_)r!d Edition was No NEC or late
or f_oetal initiator for admlr_nstered by e e
delivery, GA (23-24, examiners unaware . )
25-26, 27 weeks), of the infant's medical Medical NEC: OR 0.8 (0.3-
birth weight Z score 1  history. A score of < 1.9) )
and thrombosis of the 70 (more than2SD  Surgical NEC: OR 2.7 (1.2-
foetal stem vessels of below the mean) was ~ 6-4)
the placenta and taken to represent Late bacteraemia: OR 1.3
include a random significant (0.9-1.9)
effect cluster term for  psychomotor delay
birth hospital. (PDI).
O’Shea 2008 Prospective n=1017 Gestational age (23-  Psychomotor At 24 months of age Moderate
(US) cohort study in 24,25-26, or 27 Development Index (corrected)
14 hospitals in 11 weeks), receipt of a (PDI) assessed using  pp| <70 (BSID-II)
cities in 5 states complete course of Bayley Scales of Vo IR [PeEremee
in the US. antenatal Infant Development = IVH: RR 2.10 (95% Cl 1.50-
corticosteroid, Second Edition 2.90)
caesarean delivery, (BSID-II). A score of No earlv PVL: Reference
and Medicaid <70 considered Earl P{I/L' RI.R 210 (95% ClI
insurance at2 years' delayed psychomotor 1 ir0y3 20 ’ A
corrected age. development. oA )
No cystic PVL: Reference
Cystic PVL: RR 4.30 (95%
Cl 2.30-8.10)
No PIVH: Reference
PIVH: RR 4.00 (95% ClI
2.20-7.00)
Shah 2012 Population-based n=865 Birth weight, race, Bayley Scales of At 18-22 months of age Moderate
(US) cohort study gender, multiple Infant Development-Il  pp| <70 (Bayley)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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utilizing data
from the National
Institute of Child
Health Neonatal

births, antenatal
steroids, surfactant,
bronchopulmonary
dysplasia, sepsis,

(BSID-II) (for infant
born before 2006)
and Bayley Scales of
Infant Development-

No NEC: Reference
NEC: OR 2.64 (1.18-5.91)

Research and any [l (BSIDAII) (for
Network registry intraventricular infants born after
and the haemorrhage. 1/1/2006) was used
Cincinnati to obtain
Collaborative psychomotor
Outreach developmental index
Program (PDI). A score of <70
Database. was considered an
impaired
psychomotor
development.
Shankaran 2004  Prospective n=246 Neonatal brain The Bayley Scales of At 18-22 months of age Low
(US) cohort study lesions, antenatal Infant Development (corrected)
steroid exposure, (BSID-Il) was used to  pp| <70 (BSID-II)
sex, ethnicity/race, assess Psychomotor ICH grade 3-4: OR 1.1 (0.6-
household income, Developmental Index 2.3)
BPD, surfactant (PDI). A delay in
administration, psychomotor
steroids for BPD, development was PVL: OR 3.1 (1.1-9.4)
Medicaid, no high considered with a PDI
school degree, 2- score <70. BSID-II Any antenatal steroids: OR
parent household. was administered by 0.9 (0.5-1.7)
clinical psychologists
or psychometricians . P
trained to reliability. BPD: Not significant
Stoll 2004 Multicentre n=6314 Study centre, Psychomotor At 18-22 months of age Moderate
(US) cohort study gestational age, birth  developmental index  (corrected)
using data from weight, sex, (PDI), assessed with  pp| <70 (BSID-II)
the National race/ethnicity, rupture  Bayley Scales of ; .
Institute of Child of membranes >24 h, Infant Development I| No mfechon. .Reference
Health and CS, multiple birth, (BSID-I). Ascore of ~ Sepsis alone: OR 1.5 (1.2-
Human antenatal antibiotics, 1.9)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Vohr 2005
(US)

development
(NICHD)
Neonatal
Research
Network registry.

Multicentre n=3785
cohort study

using data from

12 different

centres of the

National Institute

of Child Health

antenatal steroids,
postnatal steroids,
surfactant use,
respiratory distress
syndrome,
bronchopulmonary
dysplasia, patent
ductus arteriosus,
intraventricular
haemorrhage grade
3-4, periventricular
leukomalacia,
maternal age at time
of delivery,
caregiver's level of
education.

Epoch, gestational
age group, birth
weight; gender, small
for gestational age,
multiple births,
surfactant, grades 3
to 4 IVH, PVL, sepsis,

<70 considered a
delay.

Psychomotor
Development Index,
assessed by Bayley
Scales of Infant
Development I
(BSID-II) or a gross
motor assessment

Sepsis + NEC: OR 2.4 (1.7-
3.4)

Meningitis with or without
sepsis: OR 1.7 (1.1-2.5)

At 18-22 months of age
(corrected)

PDI <70 (Bayley)

No PVL: Reference

PVL: Significantly increased
odds (OR and 95% CI not
reported numerically)

and Human oxygen requirement (not defined). A score

Development at 36 weeks, white of <70 was

Neonatal vs. non-white race, considered a delay in No grade 3-4 IVH:
Research out born vs. inborn psychomotor Reference o
Network. status, caesarean development. Grade 3-4 IVH: Significantly

section vs. vaginal
delivery, maternal
education <12 years
vs. >=12 years,
private health
insurance vs. public,
conventional
ventilation vs. none,

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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increased odds (OR and
95% CI not reported
numerically)

No postnatal steroids:
Reference

Postnatal steroids
OR 1.99 (1.56-2.55)

Moderate
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adjusted age at the
time of assessment,
centre, and the 4
interventions of
interest: antenatal
steroids (yes, no),
high-frequency
ventilation vs. none;

No BPD: Reference

BPD: Significantly increased
odds (OR and 95% CI not
reported numerically)

No sepsis: Reference
Sepsis: Not significant (OR
and 95% CI not reported

days to regain birth numerically)
weight, and postnatal No antenatal steroids:
Reference

steroids (yes, no).

Antenatal steroids: OR 0.66
(0.52-0.84)

Vohr 2000 Multicentre n=1151 Out born status, No independent At 18-22 months of age Low
(US) prospective maternal walking, not clear (corrected)
cohort study hypertension, how assessed but No independent walking

antenatal steroids,
maternal education,
race, caesarean
section, birth weight,
surfactant, early-
onset sepsis, late-

they report that a
basic, functional,
gross motor skills
were assessed
derived from the work
of Russell et al.d

IVH/PVL grade Il1-IV:
Significantly increased odds
(OR (95% CI) not reported
numerically)

Postnatal steroids
Significantly increased odds

onset sepsis, grades  Palisano et al.

OR (95% CI) not reported
3 and‘4 |VH/P.VL, Psychomotor §1ume(ricatl)ly) ) P
chronic lung disease  Developmental Index NEC:

(oxygen requirement
at 36 weeks),
postnatal steroids,
small for gestational
age, gender, and
adjusted age at time
of testing.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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(PDI) score <70,
assessed with Bayley
Scale of Infant
Development I
(BSID-II)

Not significant (OR (95% ClI)
not reported numerically)
BPD at 36 weeks:

Significantly increased odds
(OR (95% ClI) not reported
numerically)
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Late-onset sepsis:

Not significant (OR (95% CI)
not reported numerically)
Early-onset sepsis:

Not significant (OR (95% CI)
not reported numerically)
Antenatal steroids:

Not significant (OR (95% CI)
not reported numerically)
PDI <70 (Bayley-II)

IVH/PVL grade Il1-IV:
Significantly increased odds
(OR (95% ClI) not reported
numerically)

Postnatal steroids
Significantly increased odds
(OR (95% CI) not reported
numerically)

NEC:

Significantly increased odds
(OR (95% CI) not reported
numerically)

BPD at 36 weeks:
Significantly increased odds
(OR (95% ClI) not reported
numerically)

Late-onset sepsis:

Not significant (OR (95% CI)
not reported numerically)
Early-onset sepsis:

Not significant (OR (95% CI)
not reported numerically)
Antenatal steroids:

Not significant (OR (95% CI)
not reported numerically)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Behavioural, social, emotional and attention problems

Delobel-Ayoub
2006

(France)

Delobel-Ayoub
2009

(France)

Population based n=1228 preterm

prospective babies born at
cohort study 22-32 weeks
(EPIPAGE)

Population based n=1102 preterm

prospective babies born at
cohort study 22-32 weeks
(EPIPAGE)

For the comparison of
term and preterm
children, OR were
adjusted for gender,
maternal age at birth,
birth order, maternal
education, marital
status of the mother,
hospitalization during
the last year,
neurodevelopmental
delay, the health of
the child (assessed
by the parents) at 3
years of age,
gestational age,
cerebral lesions and
hospitalization in
NICU =13 weeks.

All outcomes
adjusted for cognitive
performance,
maternal age at birth,
development of the
child (assessed by
the parents),
hospitalisations
between birth and 5
years, health of the
child and mental
wellbeing of the

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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The SDQ was used
to assess behavioural
problems. Cut-offs
were defined so that
10% of the term
control group were
considered to have a
behavioural problem.

The SDQ was used
to assess behavioural
problems. Cut-offs
were defined so that
10% of the term
control group were
considered to have a
behavioural problem.

At 3 years of age (assumed  Moderate
chronological)

Total difficulties score (SDQ
10th percentile)

Cerebral lesions

No lesion: Reference

Minor lesion: OR 1.3 (0.9-
2.0)

Moderate lesion: OR 0.9
(0.6-1.5)

Major lesions: OR 2.4 (1.1-
5.2)

BPD
Total difficulties score

Not a significant predictor on
univariate analysis

At age 5 years (assumed Moderate
chronological age)

Total difficulties score (SDQ

10th percentile)

Cerebral lesions

Not significant on univariate

analysis
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Johnson 2015b
(UK)

Prospective n=625 late and

population-based moderately

cohort study preterm (LMPT,
32-36 weeks)
n=760 term
controls

Special educational needs

Johnson 2011
(UK & Ireland)

Population-based n=219
cohort study
(EPICure Study)

mother during the
previous month.

Not clearly reported.
Variables that were
significant (p<.05) in
univariable analyses
were all entered into
the model. Variables
that were not
significant in this
model were dropped
in turn until only those
variables significant
at p <.05 were
included in the final
model. Variables that
had been dropped
were entered back
into this final model
one at a time to
assess their
significance.

Sex, gestational age,
birth weight, maternal
ethnicity, maternal
age, maternal
education, SES,
antenatal steroids,

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

108

Parents completed
the Brief Infant
Toddler Social
Emotional
Assessment
(BITSEA). The
BITSEA “competence
scale” comprises 11
items that assess
areas of attention,
compliance, mastery
motivation, prosocial
peer relations,
empathy,
imitation/play skills,
and social
relatedness and is
designed to identify
children who have
delays or deficits in
the acquisition of
social-emotional
competencies
(irrespective of
whether behaviour
problems are
present).

Teachers completed
a questionnaire about
if special educational
needs (SEN)
provision was utilized
by the child.

At 2 years (corrected age) Low

Delayed socioemotional
competence

Antenatal steroids not given:
reference

Antenatal steroid given: NS

At age 11 years Low
SEN provision

Abnormal last cerebral

ultrasound: OR 3.72 (1.16-

11.91)
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preterm premature
rupture of
membranes, vaginal
breech delivery,
chorioamnionitis,
foetal heart rate >100
bpm at 5 minutes,
admission
temperature <35¢c,
CRIB score, NEC,
postnatal steroids for
chronic lung disease,
any breast milk given,

NEC: not significant (not
reported)

Any antenatal steroids: not
significant (not reported)
Any postnatal steroids for
chronic lung disease: not
significant (not reported)

1

duration of NICU
admission.

2 Abbreviations: ASQ-Ages and Stages Questionnaire; BPD-bronchopulmonary dysplasia; GA-gestational age; GMFCS-Gross Motor Functional Classification System; MDI-
3 Mental Development Index; NEC-necrotising enterocolitis; NICU-neonatal intensive care unit; OR-odds ratio; PDI-Psychomotor Development Index; SD-standard deviation;
4 SDQ-Strengths and Difficulties Questionnaire; SGA-small for gestational age; NEC-necrotising enterocolitis; SEN-special educational needs

5 Table 14: Summary of included publications on social, environmental and maternal factors

Functional problems

Johnson 2016 Prospective n=628 late and The analyses A validated eating At 2 years (corrected age) Low
(UK) population-based moderately between term and behaviour Total feeding problems
cohort study preterm (LMPT) LMPT group were questionnaire (4) S =S el
children (32-36 adjusted for sex, was used to assess Low risk: Reference
weeks) SGA, SES index the presence of S i o
n=759 term score, and eating difficulties in ~ Medium risk: NS in univariate
controls (>=37 nasogastric tube the 4 domains of arlalyslls -
weeks) feeding >2 weeks. refusal/picky eating ~ High risk: NS in univariate
The analyses within (€., poor appetite, ~ analysis

the LMPT group

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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food refusal,
selective eating),
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Motor, developmental and language delay

Johnson 2015 Prospective n=638

(UK) cohort study late/moderately
preterm infants

Kerstjens 2013 Population based n=834

(The prospective moderately

Netherlands) cohort study

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

included the following
variables: behaviour
problems, delayed
social competence,
SGA and nasogastric
tube feeding.

Ethnicity, sex,
preeclampsia, any
breast milk at
discharge.

SES and parity

110

oral motor problems
(e.g., problems
biting, chewing, or
swallowing; gagging;
or choking on food),
oral hypersensitivity
(e.g., aversion to
being touched
around the mouth or
having things put in
the mouth), and
eating behaviour
problems (e.g., has
tantrums or makes a
mess during meals).
>90th percentile of
the term control
group were used to
identify children with
clinically significant
eating difficulties.

At 2 years (corrected
age), cognitive
impairment was
assessed using the
Parent Report of
Children's Abilities-
Revised (PARCA-R).

Parents completed
the Dutch version of
the 48 months ASQ.

At 2 years of age (corrected) Moderate
Moderate/severe cognitive

impairment (<2.5th

percentile PARCA-R)

Socioeconomic status index

Low risk: Reference

Medium risk: RR 2.86 (1.24-

6.57)

High risk: RR 2.36 (1.02-

5.48)

At 43-49 months
(chronological age)

Moderate
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preterm children
(32-35 weeks)

Shankaran 2004
(US)

n=246 Neonatal brain
lesions, antenatal
steroid exposure,
sex, ethnicity/race,
household income,
BPD, surfactant
administration,
steroids for BPD,
Medicaid, no high
school degree, 2-
parent household.

Prospective
cohort study

Singer 2001
(US)

Prospective
cohort study

n=69 very low
birth weight
infants

Not clearly reported:
“When the baseline
differences [...the
effects of IVH, the
only neonatal
neurologic
complication which
differed between the
groups...] were

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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The scores on each
domain add up to an
ASQ total problems
score. A score of
>2SDs below the
mean for the Dutch
reference group was
considered to
indicate
developmental delay.

The Bayley Scales of
Infant Development
(BSID-Il) was used to
assess Psychomotor
Developmental Index
(PDI). A delay in
psychomotor
development was
considered with a
PDI score <70. BSID-
Il was administered
by clinical
psychologists or
psychometricians
trained to reliability.

The Bayley Scales of
Infant Development
that is described as
widely used
assessment toll of
infant development.
The psychomotor
index (PDI) measures
gross and fine motor

Abnormal ASQ total
problems score

Maternal pre-existing mental
illness (depression,
psychosis, other): OR 1.32
(0.14-12.3)

Maternal age <20 years: not
significant in the univariate
regression

Multiple pregnancy: OR 1.86
(1.02-342)

At 18-22 months of age
(corrected)

PDI <70 (BSID-II)
Socioeconomic status
Household income >=$20
000: Reference
Household income <$20
000: OR 1.5 (0.7-3.2)

Low

At 3 years Low

PDI <70 (BSID)

Maternal cocaine use
When baseline differences
were controlled, the effects
of cocaine on intellectual
disability remained
significant
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Behavioural, social, emotional or attention problems

Delobel-Ayoub
2006

(France)

Delobel-Ayoub
2009

(France)

Population based n=1228 preterm

prospective babies born at
cohort study 22-32 weeks
(EPIPAGE)

Population based n=1102 preterm

prospective babies born at
cohort study 22-32 weeks
(EPIPAGE)

controlled, the effects
of cocaine on these
developmental
outcomes remained
significant”

For the comparison
of term and preterm
children, OR were
adjusted for gender,
maternal age at birth,
birth order, maternal
education, marital
status of the mother,
hospitalization during
the last year,
neurodevelopmental
delay, the health of
the child (assessed
by the parents) at 3
years of age,
gestational age,
cerebral lesions and
hospitalization in
NICU =13 weeks.

All outcomes
adjusted for cognitive
performance,
maternal age at birth,
development of the
child (assessed by
the parents),
hospitalisations
between birth and 5
years, health of the
child and mental

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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control and
coordination.

The SDQ was used
to assess
behavioural
problems. Cut-offs
were defined so that
10% of the term
control group were
considered to have a
behavioural problem.

The SDQ was used
to assess
behavioural
problems. Cut-offs
were defined so that
10% of the term
control group were
considered to have a
behavioural problem.

At 3 years of age (assumed
chronological)

Total difficulties score
Maternal age at birth

25-34 years: Reference
<25 years: OR 2.5 (1.7-3.7)
235 years: OR 0.9 (0.5-1.4)

At age 5 years (assumed
chronological age)

Total difficulties score
Socioeconomic status

Not significant on
multivariate analysis
Mental wellbeing of the
mother during the previous
month

Very well: Reference

Moderate

Moderate
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Johnson 2015b
(UK)

Prospective
population-based
cohort study

n=625 late and
moderately
preterm (LMPT,
32-36 weeks)
n=760 term
controls

wellbeing of the
mother during the
previous month.

Not clearly reported.
Variables that were
significant (p<.05) in
univariable analyses
were all entered into
the model. Variables
that were not
significant in this
model were dropped
in turn until only
those variables
significant at p <.05
were included in the
final model. Variables
that had been
dropped were
entered back into this
final model one at a
time to assess their
significance.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

113

Parents completed
the Brief Infant
Toddler Social
Emotional
Assessment
(BITSEA). The
BITSEA “competence
scale” comprises 11
items that assess
areas of attention,
compliance, mastery
motivation, prosocial
peer relations,
empathy,
imitation/play skills,
and social
relatedness and is
designed to identify
children who have
delays or deficits in
the acquisition of
social-emotional
competencies
(irrespective of
whether behaviour
problems are
present).

Fairly well: OR 1.8 (1.2-2.7)
Fairly or very poor: OR 3.4
(1.9-6.3)

Maternal age at birth

25-34 yrs: Reference

<25 yrs: OR 1.6 (1.0-2.4)
=35 yrs: OR 0.6 (0.4-1.0)
At 2 years (corrected age)

Delayed socioemotional
competence

SES-index
Low risk: reference

Medium risk: RR 1.60 (1.14-
2.24)

High risk: RR 1.98 (1.41-
2.75)

Maternal substance abuse
Non-drug user: reference

Recreational drugs use
during pregnancy: RR 1.70
(1.03-2.82)

Multiple pregnancy
Singleton: reference
Multiple pregnancy: NS

Low
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Potijk 2015 Multicentre
(The prospective
Netherlands) cohort study

Special educational needs

Johnson 2011
(UK & Ireland)

Population-
based cohort
study (EPICure
Study)

n=915
moderately
preterm children
(32-35+6 weeks
gestation)
n=543 term
children (38-
41+6 weeks
gestation)

n=219

The Dutch version of
the CBCL was used
to identify
behavioural
problems. The
authors state that
“American cut-offs”
were used to identify
problem scores.

Socioeconomic
status, gestational
age, gender, number
of siblings and
maternal age.

Sex, gestational age,
birth weight, maternal
ethnicity, maternal
age, maternal
education, SES,
antenatal steroids,
preterm premature
rupture of
membranes, vaginal
breech delivery,
chorioamnionitis,
foetal heart rate >100
bpm at 5 minutes,
admission
temperature <35¢c,
CRIB score, NEC,
postnatal steroids for
chronic lung disease,
any breast milk given,
duration of NICU
admission.

Teachers completed
a questionnaire about
if special educational
needs (SEN)
provision was utilized
by the child.

At age 4 years (assumed to
be chronological)

Socioeconomic status
Total behavioural problems
SES: OR 142 (1.14-1.77)

Externalising problems
SES: OR 1.21 (0.99-1.50)

Internalising problems
SES: OR 1.26 (1.03-1.54)

OR represent the risk per
SD decrease in SES.

High

At age 11 years Low
SEN provision

Maternal age (per 10 years):

not significant (not reported)

SES: not significant (not

reported)

Chorioamnionitis (suspected

or proven): not significant

(not reported)

1 Abbreviations: CBCL-Child Behaviour Checklist; OR-odds ratio; SD-standard deviation; SES-socioeconomic status; SDQ-Strengths and Difficulties Questionnaire; NEC-

2 nectotising enterocolitis; NICU-neonatal intensive care unit; SEN-special educational needs

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
114



41.1.31

NOoO O~ OWN

41.1.48
4.1.1.4.19

10

11
12
13
14
15
16
17
18
19
20
21

22

23

24
25
26
27
28
29

30

31
32
33
34
35
36
37

38

39
40
41

Developmental follow-up of children and young people born preterm
Risk and prevalence of developmental problems and disorders

Economic evidence

No health economic search was undertaken for this review question and consequently no
evidence was found. This question focused on the risk of various developmental problems
rather than whether any strategy for the management of these problems represents a cost-
effective use of resources. Therefore, this question is not primarily about competing
alternatives which have different opportunity costs and therefore was not considered suitable
for a health economic review.

Evidence statements

Feeding problems

In relation to gestational age

Moderate to low quality evidence from three studies on feeding problems was mixed when
comparing preterm infants to term controls. Moderate evidence from one study (n=479)
showed no difference in the risk of a low drive to eat or low food variety at the age of 2 years
(corrected age) among those born at <28 weeks, 28-29 weeks, 30-31 weeks or 32 weeks of
gestation (Migraine 2013). Another study (n=371) also showed no difference in the risk of
food refusal/faddy eating problems, behavioural problems around eating or oral
hypersensitivity problems, but did find an increased risk of overall eating difficulties and oral
motor problems at 6 years among children born extremely preterm (<26 weeks) (moderate
quality evidence, Samara 2010). Another low quality study (n=1323) also found an increased
risk of overall eating difficulties and oral motor problems at 2 years (corrected age) among
children born at 32-36 weeks of gestation (Johnson 2016).

In relation to biological factors

Sex of the child

Low quality evidence from two studies found no association between sex of the child and
feeding problems. One study (n=1151) examined the association between sex and no
independent feeding at 18-22 months corrected age among children born with birth weight
<1000 g (Vohr 2000). Another study (n=584) found no association between sex of the child
and feeding difficulties at 2 years (corrected age) among moderate to late children born
preterm (32-36 weeks) (Johnson 2016).

Small for gestational age

Low quality evidence from two studies show somewhat mixed results. One low quality study
(n=1151) examined the association between being preterm and small for gestational age and
no independent feeding at 18-22 months corrected age among children born with birth weight
<1000 g (Vohr 2000). No significant association was found. Another low quality study
(n=584) found a borderline significant increased risk of feeding difficulties at 2 years of
corrected age among children born small for gestational age at 32-36 weeks of gestation
(Johnson 2016).

Ethnicity or race

Low quality evidence from one study (n=1151) examined the association between the
ethnicity or race of the preterm child and no independent feeding at 18-22 months corrected
age (Vohr 2000). No significant association was found.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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In relation to neonatal factors

Brain abnormalities

Low quality evidence from one study (n=1151) among children born with birth weight <1000g
found an increased odds of lack of independent feeding at 18-22 months corrected age with
neonatal intraventricular haemorrhage (IVH) grade IlI-IV (Vohr 2000).

Sepsis

Low quality evidence from one study (n=1151) among children born with birth weight <1000g
found no association between neonatal culture-proven sepsis (neither early-onset nor late-
onset) and lack of independent feeding at 18-22 months of corrected age (Vohr 2000).

Retinopathy of prematurity

No evidence was identified on the relationship between ROP and functional problems with
feeding.

Necrotising enterocolitis

Low quality evidence from one study (n=1151) among children born with birth weight <1000g
found no association between NEC and lack of independent feeding at 18-22 months of
corrected age (Vohr 2000).

Antenatal exposure to steroids

Low quality evidence from one study (n=1151) among children born with birth weight <1000g
found no association between antenatal exposure to steroids and lack of independent
feeding at 18-22 months of corrected age (Vohr 2000).

Postnatal exposure to steroids

Low quality evidence from one study (n=1151) among children born with birth weight <1000g
found no association between postnatal exposure to steroids and lack of independent
feeding at 18-22 months of corrected age (Vohr 2000).

Bronchopulmonary dysplasia

Low quality evidence from one study (n=1151) showed an increased odds of lack of
independent feeding at 18-22 months of corrected age with bronchopulmonary dysplasia at
36 weeks among children born with birth weight <1000 g (Vohr 2000).

In relation to social, environmental or maternal factors

Socioeconomic status

Low quality evidence from one study (n=584) found no association between socioeconomic
status and feeding difficulties at 2 years (corrected age) among children born at 32-36 weeks
of gestation (Johnson 2016).

No evidence was identified on the relationship between other maternal, social and
environmental factors and functional problems with feeding.
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Sleeping problems

In relation to gestational age

Moderate quality evidence from two studies on sleeping problems in relation to gestational
age at birth showed was available. One publication (n=215) found no significant difference in
sleeping problems between preterm children and term controls at the age of 2 years (de

Jong 2015). However, another publication (n=398961) found a significantly increased odds of
sleep apnoea diagnosis among children born preterm compared to children born full term
(increased odds was found among children born at <32 weeks of gestation and among
children born at 32-36 weeks of gestation, Raynes-Greenow 2012).

In relation to biological factors

No evidence was identified on the relationship between biological factors and functional
problems with sleeping.

In relation to neonatal factors

No evidence was identified on the relationship between neonatal factors and functional
problems with sleeping.

In relation to social, environmental or maternal factors

No evidence was identified on the relationship between maternal, social and environmental
factors and functional problems with sleeping.

Toileting problems

In relation to gestational ageModerate quality evidence from one study (n=8769) found no
association between gestational age and frequent bedwetting at 4 to 9 years age among
children born at <37 weeks of gestation (Sullivan 2015).

In relation to biological factors

No evidence was identified on the relationship between biological risk factors and functional
problems with toileting.

In relation to neonatal factors

No evidence was identified on the relationship between neonatal risk factors and functional
problems with toileting.

In relation to social, environmental or maternal factors

No evidence was identified on the relationship between social, environmental or maternal
factors and functional problems with toileting.

Motor delay

In relation to gestational age

Six publications of moderate to high quality provided evidence on the association of
gestational age at birth and motor delay. Sample sizes ranged from 215 to 13843.

Moderate quality evidence from four studies provided mixed evidence on fine motor delay in
relation to gestational age. One study (n=215) found no significant effect of being born at 32-
36 weeks of gestation compared with term on fine motor skills when using the Dutch version
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of the Bayley Scales of Infant Development 3" edition (BSID-II) at 24 months of age, both
corrected and uncorrected (de Jong 2012). However, the three other studies found an
increased odds of fine motor delay among children born preterm. One study (n=1983) used
the Ages and Stages Questionnaire (ASQ) for children aged 4 years and found an increased
odds of fine motor delay among children born at <32 weeks, 32-33, 34-35 and 32-35 weeks
of gestation (Kerstjens 2011). One study (n=764) assessed children at 5 years of age with
the Five to Fifteen (FTF) questionnaire and found an increased odds of fine motor skills
problems among children born at <32 weeks of gestation compared to full term children
(Rautava 2010). Another study (n=1356) assessed children between ages 9 to 34 months
with the Denver Il tool and found increased odds of one or more fine motor-adaptive cautions
as well and one or more fine motor-adaptive delays among very low birth weight (mean
gestational age of 28.4 weeks) compared with normal birth weight children (Schendel 1997).
The same publication did not find a significant effect on either outcome when comparing the
very low birth weight children with moderately low birth weight children (mean gestational
age of 35.6 weeks).

Moderate quality evidence from the same four studies on gross motor delay in relation to
gestational age is mixed. One study (n=215) found no significant effect of being born at 32-
36 weeks of gestation on gross motor skills assessed with the Dutch version of the BSID-IlI
at 24 months corrected age but found an increased odds when children were assessed at 24
months uncorrected age (de Jong 2015). Another study (n=1983) using the ASQ assessed
children at 4 years and found an increased odds of gross motor delay among children born
<32 weeks of gestation (compared with children born at full term) but not among children
born at 32-33, 34-35, or 32-35 weeks of gestation (Kerstjens 2011). In another study
(n=764), children born before 32 weeks of gestation were found to have a significantly
increased odds of gross motor delay at 5 years assessed by FTF questionnaire (Rautava
2010). This study also looked at combined motor skills and found a significant effect. The
study using Denver Il tool (n=1356) found an increased odds of one or more gross motor
cautions and one or more gross motor delays among very low birth children (mean
gestational age of 28.4 weeks) compared to normal birth weight children and compared to
moderately low birth weight children (mean gestational age of 35.6 weeks) (Schendel 1997).

High quality evidence from one study (n=13843) looked at specific motor delays using
Movement Assessment Battery for Children (MABC) and found and increased odds of
abnormal peg score (assessing manual dexterity) and abnormal coordination summary score
(including balance, ball skills and peg scores) among children born at 32-35 weeks of
gestation compared with full term born children assessed at 7 to 8 years (Odd 2013b). No
significant effect was found on heel-to-toe score (assessing balance) or bean-bag score
(assessing ball skills). Moderate quality evidence from another study (n=7500) used Bayley
Short Form Research edition (BSF-R) to assess psychomotor development of children born
at 34-36 weeks of gestation (compared to children born at full term) at 2 years of age and
found and increased odds of psychomotor developmental index (PDI) of <70 and PDI 70-84
(Woythaler 2011).

In relation to biological factors

Sex of the child

Low quality evidence from two studies (n=246 and n=1151) found no associations between
the sex of the child and motor delay (PDI <70 and lack of independent walking) among
preterm babies (born at <25 weeks of gestation or with birth weight of 401-1000 g), assessed
at 18-22 months of corrected age (Shankaran 2004; Vohr 2000).
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Small for gestational age

Low quality evidence from one study (n=1151) found no association between being born
small for gestational age and PDI score of <70 and lack of independent walking at 18-22
months of corrected age among children born with birth weight 401-1000 g (Vohr 2000).

Ethnicity or race

Low quality evidence from two studies (n=246; n=1151) on the relationship between
ethnicity/race and motor delay among children born preterm show no association among
preterm children (born at <25 weeks of gestation or with birth weight of 401-1000 g), on PDI
<70 (Shankaran 2004; Vohr 2000) and lack of independent walking (Vohr 2000) between
black and non-black children (Shankaran 2004) and between white and non-white children
(Vohr 2000) assessed at 18-22 months of corrected age with BSID.

In relation to neonatal factors

Brain abnormalities

Low to moderate quality evidence from four studies (sample sizes ranging from 246 to 6161)
was available on the relationship between neonatal brain lesions among children born
preterm (born at <28 weeks of gestation or with birth weight <1000 g) and motor delay at 18-
24 months corrected age (Adams-Chapman 2008; O’'Shea 2008; Shankaran 2004; Vohr
2000). All studies found increased odds of PDI <70 with different types of brain lesions
(intraventricular haemorrhage [IVH], IVH grade llI-IV, IVH 1ll with shunt, IVH IV with shunt,
periventricular leukomalacia [PVL], cystic PVL, early PVL, periventricular haemorrhagic
infarction). One study (n=1151) also found an association with IVH or PVL grade IlI-IV and
lack of independent walking (Vohr 2000). One publication (n=246) found no association
between intracranial haemorrhage (ICH) grade IlI-1V and PDI <70 (Shankaran 2004).

Sepsis

Low to high quality evidence from four studies (sample sizes ranging from 1151 to 6314) on
the relationship between neonatal sepsis and motor delay show mixed results (Martin 2010;
Stoll 2004; Vohr 2005; Vohr 2000). High quality evidence from a study (n=1155) found no
association between culture-proven late-onset neonatal sepsis and abnormal PDI at 2 years
of age (Martin 2010). Moderate quality evidence from another study found an increased odds
of abnormal PDI score at 18-22 months corrected age among preterm children (with birth
weight 1000 g or less) that had had neonatal culture-proven sepsis with antibiotic therapy for
more than five days, that had had neonatal sepsis with NEC, and that had had neonatal
meningitis with or without sepsis (Stoll 2004). Low to moderate quality evidence from two
publications of the same study project examining cohorts born at different times (n=3785 and
n=1151) found no association between sepsis and abnormal PDI score at 18-22 months
corrected age (Vohr 2005; Vohr 2000). The latter also did not fund an association between
sepsis and lack of independent walking.

Retinopathy of prematurity

Moderate quality evidence from one study on the association between different severities of
ROP (vs no ROP) and abnormal PDI score (either <55 or 55-69) show mixed findings (Allred
2014). The evidence shows a general tendency of increased odds of abnormal PDI score for
all severities of ROP, however, not all of them reached statistical significance. ROP stage 3+,
however, showed significantly increased odds of PDI <55 and PDI 55-69. The children were
born earlier than 28 weeks of gestation and they were assessed at 24 months of age.
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Necrotising enterocolitis

Low to high quality evidence from four studies (sample sizes ranging from 865 to 2948) on
the association between necrotising enterocolitis (NEC) and psychomotor development
(assessed by BSID) show somewhat mixed results (Hintz 2005; Martin 2010: Shah 2012;
Vohr 2000). High quality evidence from one study (n=1155) and moderate quality evidence
from another study (n=2948) showed a significant increase in the odds of an abnormal PDI
for preterm infants (23 to 27+6 weeks of gestation or birth weight of 401-1000 g) who had
NEC requiring surgery but not for ones with medically managed NEC (Hintz 2005; Martin
2010). Moderate quality evidence from one study (n=865) showed an increased odds of
abnormal PDI score with NEC grade Il or higher and low quality evidence from another study
(n=1151) showed an increased odds of abnormal PDI score with NEC (unspecified) (Shah
2004; Vohr 2000). The same low quality publication also reported that there was no
association between NEC and lack of independent walking (Vohr 2000). All outcomes were
assessed at around 2 years of age.

Antenatal steroid exposure

Low to moderate quality evidence from five studies on the association between antenatal
steroid exposure and motor delay (assessed by BSID) show mixed results (Carlo 2011;
Laughon 2009; Shankaran 2004; Vohr 2005; Vohr 2000). Moderate quality evidence from
two studies (n=4924; n=3785) found reduced odds of PDI score <70 at 18-22 months of
corrected age among preterm children (born 22-32 weeks of gestation) with exposure to
antenatal steroids (Carlo 2011; Vohr 2005). The first study also performed stratified analysis
for each week of gestation (from 22 to 25 weeks), the findings are mixed but largely did not
reach statistical significance. Low quality evidence from two other studies (n=246; n=1151)
found no association between antenatal steroids and PDI <70 at 18-22 months of corrected
age among extremely preterm children (<25 weeks of gestation or with birth weight 401-1000
g) (Shankaran 2004; Vohr 2000). The latter publication also found no association on lack of
independent walking. Moderate quality evidence from one study (n=915) found an increased
odds of PDI score <65 among preterm children (born <28 weeks of gestation) at 24 months
of age (Laughon 2009).

Postnatal steroid exposure

Low to moderate quality evidence from two studies (=3785 and n=1151, respectively) on the
relationship between postnatal exposure to steroids and motor delay found an increased
odds of PDI score <70 (Vohr 2005; Vohr 2000). The latter publication also found an
increased odds of lack of independent walking. The children were born at 22-32 weeks of
gestation or with birth weight 401-1000 g and assessed at 18-22 months of corrected age.

Bronchopulmonary dysplasia

Low to moderate quality evidence from four studies (sample sizes ranging from 246 to 3785)
on the association between bronchopulmonary dysplasia (BPD, need of additional oxygen at
36 weeks) and motor delay show mixed results (Laughon 2009; Shankaran 2004; Vohr 2005;
Vohr 2000). Moderate quality evidence from one study (n=915) found no association with
PDI score of <55 when looking at BPD without mechanical ventilation and a near-significant
association when looking at BPD with mechanical ventilation among children born <28 weeks
of gestation and assessed at 24 months of age (Laughon 2009). Low to moderate quality
evidence from two publications from one large study project (n=3785 and n=1151,
respectively) found an increased odds of PDI <70 at 18-22 months of age with BPD among
children were born at 22-32 weeks of gestation or with birth weight 401-1000 g (Vohr 2005;
Vohr 2000). The latter publication also found an association with lack of independent
walking. Low quality evidence from one study (n=246) found no association among children
born <25 weeks of gestation and assessed at 18-22 months of corrected age (Shankaran
2004).
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In relation to social, environmental or maternal factors

Socioeconomic status

Low quality evidence from one study (n=246) found no association between socioeconomic
status (household income <$20000/year vs >=€20000) and PDI <70 (assessed by BSID)
among children born at <25 weeks of gestation and assessed at 18-22 months of corrected
age (Shankaran 2004).

Substance abuse

Low quality evidence from one study (n=82) found a significant association between maternal
cocaine use and abnormal psychomotor developmental index score (BSID) at three years of
age among children born with birth weight <1500 g (Singer 2001).

No other evidence was identified on the relationship between other social, environmental or
maternal factors and motor delay.

Language delay

In relation to gestational age

Moderate quality evidence from five studies (sample sizes ranging from 215 to 32314) on the
association between gestational age and language problems show mixed findings (Brown
2014; de Jong 2015; Rautava 2010; Stene-Larsen 2014; Schendel 1997). One study
(n=12302) found no association among children 34-36 weeks of gestation (versus term) and
receptive vocabulary delay (assessed with Peabody Picture Vocabulary Test-Revised,
PPVT-R) at 4-5 years of age (Brown 2014). Another study (n=215) found no association
between gestational age (32-36 weeks versus term) and receptive communication delay or
expressive communication delay (assessed with the Dutch version of the BSID-IlI at 24
months of age (corrected and uncorrected) (de Jong 2015). Another study (n=764) found an
increased odds of language problems, expressive language skills problem and
communication problem (assessed with the FTF questionnaire) at 5 years of age among
children born <32 weeks of gestation (Rautava 2010). One study (n=32314) found an
increased risk of communication problems (assessed with 3 items from the ASQ) at 18
months of age among children born at 34-36 weeks of gestation (compared to term) (Stene-
Larsen 2014). The same children were assessed at 36 months of age and the association
was no longer significant (assessed with 6 items from the ASQ). However, there was an
increased odds of expressive language impairments at 36 weeks months of age. Finally, one
study (n=1356) found an increased odds of language cautions and language delays
(assessed with Denver-Il tool) among children born with very low birth weight (mean
gestational weeks 28.4) compared with children born with normal birth weight (mean
gestational weeks 39.4) (Schendel 1997). The children were assessed between ages 9 to 34
months corrected age. The same study compared children born with very low birth weight
(mean gestational weeks 28.4) with children born with moderately low birth weight (mean
gestational weeks 35.6) and found an increased odds of language delays, however,
language cautions did not reach statistical significance.

In relation to biological factors

No evidence was identified on the relationship between biological factors and language
delay.

In relation to neonatal factors

No evidence was identified on the relationship between neonatal factors and language delay.
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In relation to social, environmental or maternal factors

No evidence was identified on the relationship between social, environmental or maternal
factors and language delay.

Other developmental delay

In relation to gestational age

Moderate quality evidence on the relationship between gestational age and other
developmental delays from six studies (sample sizes ranging from 764 to 15099) show mixed
results (Brown 2014; Johnson 2015a; Kerstjens 2011; Kerstjens 2012; Rautava 2010;
Schendel 1997). One study (n=15099) found no association between developmental delay
(assessed with Motor and Social Development Scale) and gestational age among children
born at 34-36 weeks of gestation and assessed at 2-3 years of age (Brown 2014). Another
study (n=1983) found no association between gestational age and developmental delay
(ASQ total score <2SD) at 4 years of age among children born at 32-35 weeks of gestation
(compared to term) but found a significantly increased odds developmental delay among
children born <32 weeks of gestation (Kerstjens 2011). Another publication of the same study
(n=832) compared children born at 32-33 gestational weeks to children born at 34-35
gestational weeks and found no association with developmental delay between the two
preterm groups (Kerstiens 2012). One study (n=764) found an increased odds of
comprehension problem (assessed with the FTF questionnaire) at 5 years among children
born at <32 weeks of gestation (Rautava). Another study (n=1403) found an increased odds
of moderate to severe cognitive impairment (assessed with PARCA-R) at 2 years of
corrected age among children born at 32-36 weeks of gestation (Johnson 2015a). Finally,
one study (n=1356) used Denver-Il tool to assess developmental delay at 9-34 months of
age and found an increased odds of questionable overall performance and abnormal overall
performance in the Denver-ll test among children born with very low birth weight (mean
gestational weeks 28.4) compared to normal birth weight children (mean gestational weeks
39.4) and compared to moderately low birth weight children (mean gestational weeks 35.6)
(Schendel 1997).

In relation to biological factors

Sex of the child

Moderate quality evidence from two studies (n=638; n=834) showed increased odds of
developmental delay for male preterm children as compared to females (Johnson 2015a;
Kerstjens 2013). Developmental problems were assessed by ASQ in the first publication; and
moderate to severe cognitive impairment was assessed by PARCA-R screening tool in the
second publication. These children were born at 32 to 36 weeks and were assessed at 2
years of corrected age in the first study and at 43 to 49 months of age in the second study.

Small for gestational age

Moderate quality evidence from one study (n=834) showed an increase in the risk of
developmental delay (assessed by ASQ) for SGA preterm children, when compared to those
preterm children born appropriate for gestational age (Kerstiens 2013). The children were
assessed at between 43 and 49 months of age, and were born at 32 to 35 weeks.

Ethnicity or race

Moderate quality evidence from one study (n=1403) found an increased odds of moderate to
severe cognitive impairment (assessed by PARCA-R screening tool) among non-white
children compared with white children (born at 32-36 weeks of gestation) assessed at 2
years of corrected age even after adjusting for socioeconomic status (Johnson 2015).

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
122



10
11

12
13

14

15

16
17
18
19
20

21

22
23
24
25

26

27
28
29

30

31
32
33

34
35

4.1.1.4.36

37

38
39

Developmental follow-up of children and young people born preterm
Risk and prevalence of developmental problems and disorders

In relation to neonatal factors

Sepsis

Moderate quality evidence from one study (n=832) found no association between neonatal
sepsis (defined as clinical symptoms and at least one positive blood culture) and
developmental problems (ASQ total problems <2SD) among children born at 32-35 weeks of
gestation and assessed at 43-49 months of age (Kerstjens 2012a).

Antenatal steroids

Moderate quality evidence from one study (n=834) found no association between antenatal
exposure to steroids and developmental problems (ASQ total problems <2SD) among
children born at 32-35 weeks of gestation and assessed at 43-49 months of age (Kerstjens
2013).

No evidence was identified on the relationship between the other neonatal factors and other
developmental delay.

In relation to social, environmental or maternal factors

Socioeconomic status

Moderate quality evidence from one study (n=1403) on the association between
socioeconomic status and moderate to severe cognitive impairment show that lower
socioeconomic status was associated with increased odds of cognitive impairment (Johnson
2015a). This study included children born at 32-36 weeks of gestation and they were
assessed at 2 years of corrected age using PARCA-R screening tool.

Maternal age

Moderate quality evidence from one study (n=834) found no association between maternal
age under 20 years and developmental problems (ASQ total problems <2SD) among
children born at 32-35 weeks of gestation and assessed at 43-49 months of age (Kerstjens
2013).

Maternal mental health

Moderate quality evidence from one study (n=834) found no association between maternal
mental iliness and developmental problems (ASQ total problems <2SD) among children born
at 32-35 weeks of gestation and assessed at 43-49 months of age (Kerstjens 2013).

Multiple pregnancy

Moderate quality evidence from one study (n=834) shows an association between multiple
pregnancy and developmental problems (ASQ total problems <2Sd) among children born at
32-35 weeks of gestation and assessed at 43-49 months of age (Kerstjens 2013).

No other evidence was identified on the relationship between other social, environmental and
maternal factors and other developmental delays.

Executive function

In relation to gestational age

Low to high quality evidence from three studies (n=134; n=169; n=764) on executive function
in preterm children as compared to term controls show somewhat mixed findings (Farooqi
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2016; Farooqi 2013; Rautava 2010). Children in these studies were all born at <32 weeks
and/or <1500g and the children were assessed between 5 and 16 years of age. One study
(n=764) found an increased odds of planning or organising problems and memory problems
at 5 years among children born at <32 weeks of gestation or with birth weight of <1500 g
assessed with the FTF questionnaire (Rautava 2010). Similarly, another study (n=169) found
an increased odds of problems with planning or organisation and working memory reported
by both parents and teachers among children born at <26 weeks of gestation compared to
term children at 11 years (assessed with the FTF questionnaire) (Faroogi 2013). In another
study of low quality, preterm children born at <26 weeks of gestation (as compared to term
controls) who were assessed between 10 and 15 years of age were found to have increased
odds of problems with verbal, non-verbal working memory, spatial conceptualisation visual
reasoning, and planning ability (assessed with the WISC 1lI-R questionnaire domains for
executive function, and Tower test D-KEFS). In the same study, children were found to have
increased odds of behavioural problems with attention, hypoactivity, planning and
organisation, working memory, (reported by parents and teachers, assessed with the FTF
questionnaire domains for executive function) (Faroogqi 2016).In relation to biological factors

No evidence was identified on the relationship between biological factors and executive
function.

In relation to neonatal factors

No evidence was identified on the relationship between neonatal factors and executive
function.

In relation to social, environmental or maternal factors

No evidence was identified on the relationship between social, environmental or maternal
factors and executive function.

Behavioural, social, emotional and attention problems

In relation to gestational age

Low to high quality evidence from fourteen studies examine the relationship between
gestational age (preterm compared to term) and different behavioural, social, emotional and
attention problems.

Low to high quality evidence from eight studies (sample sizes ranging from 169 to 6409)
examined the relationship between gestational age and total behavioural problems assessed
with either the Strengths and Difficulties Questionnaire (SDQ) or the Child Behaviour
Checklist (CBCL) (or the equivalent for teachers Teacher Report Form [TRF]) (de Jong 2014;
Delobel-Ayoub 2009; Delobel-Ayoub 2006; Farooqi 2007; Fevang 2016; Hornman 2016;
Johnson 2015b; Potijk 2015; Reijneveld 2006). The findings are somewhat mixed.

Two studies used the SDQ. Moderate quality evidence from one study (n=1675) found an
increased odds of total behavioural difficulties at 3 years of age among children born at 22-
32 weeks of gestation (Delobel-Ayoub 2006). The effect remained when these children were
assessed again at 5 years of age (n=1477, Delobel-Ayoub 2009). When comparing the total
behavioural problems between preterm children born at different gestational ages, no
significant differences were observed when assessed at 3 and 5 years of age (Delobel-
Ayoub 2009; Delobel-Ayoub 2006). Low quality evidence from another study (n=2098) found
a significantly increased odds of total behavioural problems at 11 years of age among
children born at <28 weeks of gestation or with birth weight <1000 g (Fevang 2016).

Five studies used the CBCL to assess total behavioural problems among children born
preterm. Moderate to high quality evidence from two studies publications (n=6409; n=169)
show an increased risk of total behavioural problems at 5 years and at 11 years of age
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among children born at less than 32 gestational weeks or with a birth weight or less than
1500 g (Reijneveld 2006; Farooqi 2007). Moderate quality evidence from another study
(n=1458) shows a borderline significant association with total behavioural problems at 4
years of age among children born at 32-35 weeks of gestation (Potijk 2015). Moderate
quality evidence from one study (n=215) among moderate and late children born preterm
(32-36 weeks) shows no significant association with total behavioural problems at 24 months
of corrected age (de Jong 2015). One publication (n=1443) with moderate quality evidence
on total behavioural problems assessed at four years and at five years looked if the abnormal
CBCL total score was present at either four or five years of age, or both, categorising
outcome of total problems into emerging (normal score at four years but abnormal score at
five years), resolving (abnormal score at four years but normal score at 5 years) and
persistent (abnormal score at both 4 and 5 years) problems (Hornman 2016). The study
found no difference in emerging problems among children born at <36 weeks of gestation, or
at 32-35 weeks of gestation, or at 25-31 weeks of gestation compared to term born children.
The study showed an increased odds of resolving problems among the children born at <36
weeks and children born at 32-35 weeks but not among children born at 25-31 weeks. There
was an increased odds of persistent total problems among children born at <36 weeks and
children born at 25-31 weeks and a borderline significant increased odds among children
born at 32-35 weeks of gestation.

Additionally, low quality evidence from one study (n=1385) show no association between
gestational age and behaviour problems among moderate to late children born preterm when
using the Brief Infant Toddler Social Emotional Assessment (BITSEA) at 2 years (corrected
age) (Johnson 2015b). The same study reports an increased odds of delayed socioemotional
competence among the children.

Low to high quality evidence from four studies (sample sizes ranging from 169 to 1675) on
the association between gestational age and hyperactivity show mixed findings (Delobel-
Ayoub 2006; Farooqi 2013; Fevang 2016; Rautava 2010). High quality evidence from one
study (n=169) found no association among children born at <26 weeks of gestation and
assessed at 11 years of age using the FTF questionnaire with both parental report and
teacher report (Faroogqi 2013). No association was found even after excluding the ones with
neurosensory impairment. Moderate quality evidence from one study (n=1675) found an
increased odds of hyperactivity (assessed by parents with SDQ) among children born at 22-
32 weeks of gestation and assessed at 3 years of age (Delobel-Ayoub 2006). Moderate
quality evidence from another study (n=764) also found an increased odds of hyperactivity or
impulsivity among children born at <32 weeks of gestation or with a birth weight of <1500 g
(Rautava 2010). The children were assessed at 5 years of age through parental report on the
FTF questionnaire. Low quality evidence from one study (n=2098) found increased odds of
hyperactivity/impulsivity at 11 years among children born <28 weeks of gestation or with birth
weight <1000 g (assessed with Swanson, Noland, and Pelham Questionnaire, Revision IV
[SNAP-1V]) (Fevang 2016).

Moderate to high quality evidence from two studies show mixed findings on the association
between gestational age and hypoactivity (Farooqi 2013; Rautava 2010). High quality
evidence from one study (n=169) found no significant association between being born <26
weeks of gestation (versus term) and hypoactivity (assessed with the FTF questionnaire)
when using parental report (Farooqi 2013). When teacher report was used, an increased
odds of hypoactivity was observed. The results remained even when excluding children with
neurosensory impairment. The children were assessed at 11 years of age. Moderate quality
evidence from another study (n=764) found a significantly increased odds of hypoactivity
(parental report through the FTF questionnaire) at 5 years of age among children born <32
weeks of gestation or with birth weight <1500 g (Rautava 2010).

Low to high quality evidence from seven studies (sample sizes ranging from 169 to 34163)
on the relationship between gestational age and attention problems show mixed findings (de
Jong 2014; Farooqi 2013; Farooqi 2007; Fevang 2016; Higa Diez 2016; Rautava 2010;

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
125



—
QUOWOoOONOOAWN-

WNDNNNDNNDNDNNNN22AaA A aa A
QUOWOONOOPAPWN_LOQOONOODOPR,WN -

QOO OO AN PEABERPRARBRARBRERRRBRAREADRMNDROOWOOWWWWWLWW
AR OWON_LOOOCOONOOOAPRWN_AOOOOONOOORON-

Developmental follow-up of children and young people born preterm
Risk and prevalence of developmental problems and disorders

Reijneveld 2006). Three studies used the Child Behaviour Checklist (CBCL) and two studies
used the FTF questionnaire. One study used the SNAP-IV. The children were assessed
between 24 months corrected age and 11 years chronological age and the prematurity of the
children ranged from <26 weeks of gestation to 36 weeks of gestation. High quality evidence
from one study (n=169) show an increased odds of attention problems among children born
<26 weeks of gestation and assessed at 11 years through FTF questionnaire filled in by
teachers (Faroogqi 2013). However, no significant association was among the same
population when FTF questionnaire was filled in by parents. The results remained the same
after excluding the children with neurosensory impairment. Moderate quality evidence from
one study (n=764) show an increased odds of attention problems among children born at
<32 weeks of gestation or with birth weight <1500 g when assessed at 5 years of age with
FTF questionnaire using parental report (Rautava 2010). Moderate quality evidence from
another study (n=6409) show an increased risk of attention problems among preterm
children (born at <32 weeks of gestation or with birth weight <1500 g) at 5 years of age
assessed with the CBCL (Reijneveld 2006). Moderate quality evidence from one study
(n=215) found no association to attention problems at 24 months of corrected age among
children born 32-36 weeks of gestation and assessed with the CBCLde Jong 2015).
Moderate quality evidence from a nationally representative study from Japan (n=34163)
using the CBCL (parental report) to assess different types of attention problems among
children born preterm compared to their term peers at 8 years of age found children born
preterm (at <34 weeks or at 34-36 weeks of gestation) being more likely to have problems
waiting for their turn during play. However, no difference between term and preterm children
were observed in the attention problem domains of “interrupting people” and “failure to pay
attention when crossing the street”. When looking at children who presented problems in all
of the above mentioned attention domains, there was a significant association among
children born at <34 weeks of gestation. The association among children born at 34-36
weeks of gestation did not reach statistical significance. Low quality evidence from one study
(n=2098) found an association between being born at <28 weeks of gestation or with birth
weight <1000 g and inattention problems (assessed with SNAP-IV) at 11 years of age
(Fevang 2016).

Moderate to high quality evidence from seven studies (sample sizes ranging from 169 to
6409) show mixed results on the association between gestational age and internalising
behaviours among preterm children (versus term children) (de Jong 2015; Farooqi 2007;
Gurka 2010; Hornman 2016; Potijk 2015; Rautava 2010; Reihneveld 2006). The children
were assessed aged between 24 months (corrected) and 11 years of age using either the
CBCL or the FTF questionnaire. Moderate quality evidence from two different studies
(n=764; n=6409) that both examined children born at <32 weeks of gestation or with birth
weight of <1500 g show mixed findings (Rautava 2010; Reijneveld 2006). The first study
found an increased risk of internalising problems at 5 years of age using the FTF
questionnaire, while the other publication found no association using the CBCL. Evidence
from a third study (n=1458) shows an increased odds of internalising problems among
children born at 32-35 weeks of gestation who were assessed at 4 years of age with the
CBCL (Potijk 2015), however, evidence from another study (n=215) show no association
among children born at 32-36 weeks of gestation at 24 months of corrected age using the
CBCL (de Jong 2015). Low quality evidence from another study (n=1298) observing children
born late-preterm (34-36 weeks) and their full-term born peers from ages 4 until 15 years
show no significant difference in internalising behaviours between the groups (Gurka 2010).
A high quality evidence from a study (n=169) show an association between being born at
<26 weeks of gestation and internalising problems at 11 years when assessed by both
parents (CBCL) and teachers (Teacher Report Form [TRF], parallel form of CBCL for
teachers) (Faroogi 2007). One publication (n=1443) with moderate quality evidence on
internalising problems assessed at four years and at five years looked if the abnormal score
was present at either four or five years of age, or both, categorising outcome of internalising
problems into emerging (normal score at four years but abnormal score at five years),
resolving (abnormal score at four years but normal score at 5 years) and persistent
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(abnormal score at both 4 and 5 years) problems (Hornman 2016). The study found no
difference in emerging internalising problems among children born at <36 weeks of gestation,
or at 32-35 weeks of gestation, or at 25-31 weeks of gestation compared to term born
children. The study found an increased odds of resolving internalising problems and
persistent internalising problems among the children born at <36 weeks, children born at 32-
35 weeks and children born at 25-31 weeks.

Low to high quality evidence from five studies (sample sizes ranging from 169 to 6409) that
observed specific internalising behaviours using the CBCL show mixed findings (de Jong
2015; Farooqi 2007; Fevang 2016; Gurka 2010; Reijneveld 2006). The populations in these
studies vary as well as the age at assessment. Three different studies (sample sizes ranging
from 169 to 6409) presenting moderate to high quality evidence report mixed findings on
withdrawn behaviour (de Jong 2015; Farooqi 2007; Reijneveld 2006). Two studies found no
association between gestational age and withdrawn behaviour at 24 months of corrected age
among children born at 32-36 weeks) (de Jong 2015)) and at 5 years of age among children
born at <32 weeks or with birth weight <1500 g (Reijneveld 2006). However, the third study
found an increased odds of withdrawn behaviour at 11 years of age among children born
extremely preterm (<26 weeks) when assessed by both parents and teachers (Farooqi
2007). The same three studies with moderate to high evidence report mixed findings on
somatic complaints as well. Moderate quality evidence from one study (n=215) show no
association with somatic complaints at 24 months corrected age among children born a 32-
36 weeks of gestation (de Jong 2015). Moderate quality evidence from another study among
children with lower gestational age (<32 weeks or birth weight or <1500 g), however, show
an increased odds of somatic complaints at 5 years (Reijneveld 2006). High quality evidence
from a third study show an association between extreme prematurity (<26 weeks) and
somatic complaints at 11 years of age when children were assessed by teachers but not
when they were assessed by parents (Farooqi 2007).

Moderate quality evidence from three studies (samples sizes ranging from 169 to 6409) on
the association between prematurity and depression or anxiety symptoms show mixed
findings (Farooqi 2007; Fevang 2016; Reijneveld 2006). Moderate quality evidence from one
study (n=6409) using the CBCL found no association between being born at <32 weeks of
gestation (or with birth weight <1500 g) and anxious/depressed behaviours at 5 years of age
(Reijneveld 2006). However, high quality evidence from another study (n=169) using the
CBCL (and TRF) found a significantly increased odds of anxious/depressed behaviours at 11
years of age among extremely children born preterm (<26 weeks) when the child was
assessed by both parents and teachers (Farooqi 2007). However, the latter study used a
less strict cut-off (90" percentile) than the first study (97 percentile). The latter study,
however, did not find an association between being born extremely premature and child self-
reported depression symptoms (depression self-rating scale [DSRS], Farooqi 2007). Low
quality evidence from another study (n=2098) show an association between being born at
<28 weeks or with birth weight <1000 g and anxiety symptoms (assessed with the Screen for
Child Anxiety Related Emotional Disorders [SCARED], Fevang 2016).

Moderate to high quality evidence from seven studies (sample sizes ranging from 169 to
6409) on the relationship between gestational age and externalising behaviours show mixed
findings. High quality evidence from one study (n=169) among children born extremely
preterm (<26 weeks) show no association between gestational age and externalising
behaviours at 11 years of age (CBCL/TRF) (Farooqi 2007). Moderate quality evidence from
another study (n=215) among children born at 32-36 weeks of gestation show no association
with gestational age and externalising behaviour (CBCL) at 24 months (corrected) (de Jong
2015). Low quality evidence from one study (n=1298) that assessed children from 4 to 15
years of age show no difference in externalising behaviours between children born preterm
(34-36 weeks) and full-term born children. However, moderate quality evidence from three
studies (sample sizes ranging from 764 to 6409) show preterm children (<36 weeks of
gestation) to be more likely to present externalising behaviours than term children at 4 and 5
years of age (assessed with FTF questionnaire and the CBCL) (Potijk 2015; Rautava 2010;
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Reijneveld 2006). One publication (n=1443) with moderate quality evidence on externalising
problems assessed at four years and at five years looked if the abnormal score was present
at either four or five years of age, or both, categorising outcome of externalising problems
into emerging (normal score at four years but abnormal score at five years), resolving
(abnormal score at four years but normal score at 5 years) and persistent (abnormal score at
both 4 and 5 years) problems (Hornman 2016). The study found an increased odds of
emerging externalising problems among children born at <36 weeks of gestation, or at 32-35
weeks of gestation, or at 25-31 weeks of gestation compared to term born children. The
study found an increased odds of resolving externalising problems among children born at
32-35 weeks of gestation but not among children born at <36 weeks or 25-31 weeks of
gestation. The study found an increased odds of persistent internalising problems among the
children born at <36 weeks, children born at 32-35 weeks and children born at 25-31 weeks.

High quality evidence from a population-based study (n=169) show no association between
being born extremely preterm (<26 weeks) and aggressive or delinquent behaviours at 11
years of age (assessed by parents and teachers with CBCL/TRF) (Farooqi 2007). Moderate
quality evidence from another population-based study (n=34163) from Japan on the
association between prematurity and delinquent or aggressive behaviours at 8 years of age
show no association with gestational age and lying behaviour and hurting other people (Higa
Diez 2016). However, children born at <34 weeks of gestation were more likely to destroy
toys or books compared to their term peers (not significant among children born at 34-36
weeks) and children born at 34-36 weeks of gestation were more likely to cause disturbances
in public (not significant among children born at <34 weeks). When looking at children with
problems in all the above mentioned delinquency/aggressive behaviour domains, no
significant association was found between preterm and term born children in this study.
Moderate quality evidence from another study (n=6409) found an association with delinquent
behaviour at 5 years of age among children born <32 gestational weeks or with birth weight
<1500 g (Reijneveld 2006). The same study did not find a significant association for
aggressive behaviour. Similarly, low quality evidence from one study (n=1298) did not show
a difference in aggressive behaviours (assessed with CBCL) in preterm (34-36 weeks) and
full-term born children from age 4 to 15 years of age (Gurka 2010).

Moderate quality evidence from a study (n=1675) show an association with gestational age
22-32 weeks (versus term) and conduct problems when assessed at 3 years of age with the
SDQ (Delobel-Ayoub 2006). The same study found a borderline significant association with
peer problems and emotional symptoms. Moderate quality evidence from another study
(n=215) show no association between being born at 32-36 weeks of gestation and being
abnormally emotionally reactive at 24 months of corrected age (assessed with the CBCL) (de
Jong 2015). Moderate quality evidence from one study (n=6409) show a significantly
increased odds of social problems and thought problems at 5 years of age among children
born at <32 weeks of gestation (assessed with the CBCL) (Reijneveld 2006). No association
was found between gestational age and sex problems at 5 years in the same study. High
quality evidence from another study (n=169) show an increased odds of social problems and
thought problems among children born extremely preterm (<26 weeks) at 11 years when
assessed by teachers (TRF) but not when assessed by parents (CBCL) (Faroogqi 2007).
Moderate quality evidence from one study (n=1356) that examined the association between
gestational age and personal-social problems show an increased risk of one or more
personal-social cautions and personal-social delays among children born with very low birth
weight (mean gestational weeks 28.4) compared with children born with normal birth weight
(mean gestational weeks 39.4) and compared with children born with moderately low birth
weight (mean gestational weeks 35.6) when assessed with Denver-Il tool between ages 9 to
34 months (corrected) (Schendel 1997). Moderate quality evidence from one study (n=764)
show an increased risk of emotional or behavioural problems and obsessive compulsive
behaviour at 5 years among children born at <32 weeks of gestation (assessed with the FTF
questionnaire) (Rautava 2010). Low quality evidence from one study (n=2098) show an
association between being born extremely preterm (<28 weeks or with birth weight <1000 g)
and symptoms of obsessive compulsive disorder at 11 years (Fevang 2016). The same study
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found an association between gestational age and both parent- and teacher-reported
symptoms of autism spectrum disorder (assessed by Autism Spectrum Screening
Questionnaire [ASSQ]) at 11 years.

In relation to biological factors

Sex of the child

Low to moderate quality evidence from two studies (three publications, sample sizes ranging
from 625 to 1228) shows no association between child’s sex and behavioural problems
among children born preterm (Delobel-Ayoub 2009; Delobel-Ayoub 2006; Johnson 2015b).
The first study assessed children born <33 weeks of gestation at 3 and 5 years of age with
the SDQ (Delobel-Ayoub 2006; Delobel-Ayoub 2009) and the second study assessed
moderate to late preterm (32-36 weeks) children at two years corrected age on delayed
socioemotional competence (assessed with BITSEA) (Johnson 2015b).

Small for gestational age

Moderate quality evidence from two studies (n=1228; n=1277) showed no difference in total
behavioural difficulties for SGA preterm infants as compared to those who were appropriate
for gestational age. Children were assessed at 3 to 5 years of age and were born at 22-32
weeks. However, one of these studies did observe an increase in the risk of inattention-
hyperactivity symptoms for SGA preterm infants born at 29-32 weeks (Delobel-Ayoub 2006;
Guellec 2011). In addition, low quality evidence from one study (n=625) found no association
between being born SGA and delayed socioemotional competence (assessed with BITSEA)
at 2 years (corrected age) among moderate to late children born preterm (Johnson 2015b).

Ethnicity or race

Low quality evidence from one study (n=625) show an association between being non-white
and delayed socioemotional competence (assessed with BITSEA) at 2 years (corrected age)
among moderate to late children born preterm (Johnson 2015Db).

In relation to neonatal factors

Brain abnormalities

Moderate quality evidence from one study show an increase in the risk of be havioural
difficulties (assessed with the SDQ) for preterm infants with major cerebral lesions when
assessed at the age of 3 years (Delobel-Ayoub 2006). The children were born at 22-32
weeks, and 1228 children were included. The same study (different publication, n=1102)
conducted further follow-up at 5 years of age and found no association between brain lesions
(level of severity not considered) and behavioural problems (Delobel-Ayoub 2009).

Antenatal steroids

Low quality evidence from one study (n=625) show no association between exposure to
antenatal steroids and delayed socioemotional competence (assessed with BITSEA) at 2
years (corrected age) among moderate to late children born preterm (Johnson 2015b).

Bronchopulmonary dysplasia

Moderate quality evidence from one study (n=1228) did not show any difference in the risk of
behavioural problems for preterm infants who had bronchopulmonary dysplasia, as
compared to those who did not (Delobel-Ayoub 2006). The children were born at 22-32
weeks and followed up at 3 years of age.
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No evidence was identified on the relationship between other neonatal factors and
behavioural, social, emotional and attention problems.

In relation to social, environmental or maternal factors

Socioeconomic status

Low to moderate quality evidence from three studies show mixed results on behavioural
outcomes in relation to socioeconomic status. Moderate quality evidence from one study
(n=1102) show no association between socioeconomic status and behavioural problems
(assessed with the SDQ) in very preterm (22-32 weeks) at 5 years (Delobel-Ayoub 2009).
Moderate quality evidence from another study (n=1458) show an increase in the odds of
behavioural problems and internalising problems (assessed with the CBCL) for children born
to families with lower socioeconomic status (Potijk 2015). Increased odds of externalising
problems was borderline significant. This study included children born between 32 and 41
weeks of gestation and followed up at 4 years. Low quality evidence from a third study
(n=625) found an association between lower socioeconomic status and delayed
socioemotional competence (assessed with BITSEA) at 2 years of age (corrected) among
moderate to late children born preterm (Johnson 2015b).

Maternal substance abuse

Low quality evidence from one study (n=625) show an association between recreational use
of drugs during pregnancy and delayed socioemotional competence (assessed with BITSEA)
at 2 years (corrected age) among moderate to late children born preterm (Johnson 2015b).

Multiple pregnancy

Low quality evidence from one study (n=625) show no association between multiple
pregnancy and delayed socioemotional competence (assessed with BITSEA) at 2 years
(corrected age) among moderate to late children born preterm (Johnson 2015b).

Maternal age

Moderate quality evidence from one study (n=1228) show an increase in the risk of
behavioural problems (assessed by SDQ) for preterm infants (born at 22-32 weeks gestation
and followed up at 3 years of age) born to mothers less than 25 years (compared with
mothers 25-34 years) (Delobel-Ayoub 2006). Maternal age of 35 years or more was not
associated with behavioural problems in this study. When the children were followed up at 5
years of age (n=1102), the increased odds of behavioural problems of preterm children of
mothers younger than 25 years at the time of birth remained borderline significant (Delobel-
Ayoub 2009). The association between maternal age 35 years or older and behavioural
problems also became borderline significant (borderline reduced odds of behavioural
problems compared with maternal age of 25-34 years).

Maternal mental health

Moderate quality evidence from one study (n=1102) show an increase in the risk of
behavioural problems (assessed by the SDQ) at 5 years of age for preterm children (born at
22-32 weeks) born to mothers with poorer self-reported mental health (Delobel-Ayoub 2009).

Special educational needs

In relation to gestational age

Low to high quality evidence from five different studies (eight publications, sample sizes
ranging from 6031 to 407503) on the relationship between gestational age and special

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
130



©Coo~NOOPR~,W N-

Developmental follow-up of children and young people born preterm
Risk and prevalence of developmental problems and disorders

education needs (SEN) show somewhat mixed findings. SEN were defined differently across
the studies, similarly the sample sizes and age at assessment varied between studies.

Moderate quality evidence from one study (n=1766) show children born at <33 weeks of
gestation (compared to term) to be at an increased risk of needing special care and/or
support at school and repeating a year when in a mainstream class (Larroque 2011). The
children were assessed at 8 years of age. Being in an institution or special class or school
did not reach statistical significance. High quality evidence from another study (n=6174) that
looked at teacher-reported SEN (through a questionnaire) of children born preterm at
different gestational ages against their term peers matched by either chronological age,
corrected age, or corrected age and year of schooling show mixed findings (Odd 2013a).
When matched by chronological age (i.e. uncorrected age) or by corrected age, there was an
increased odds of special educational needs among children born premature in all
gestational groups (<37 weeks, 32-36 weeks and <32 weeks of gestation), however, due to a
small number in the <32 weeks group, it did not reach statistical significance. When matched
by corrected age and year of schooling, no statistically significant association was found in
either gestational age group. The children were assessed at age 8 years. Moderate quality
evidence from one study (n=12586) showed increased odds of SEN in children born at <37
weeks of gestation compared to the term group at 14 to 16 years age (Odd 2016). Moderate
quality evidence from one study (n=407503) using school census data among 5- to 18-year-
old school children show an increased odds of learning disability or physical disability that
impact learning among children born preterm compared with term born children, the effect
size increasing as gestational age decreases (MacKay 2010). The same study (different
publication) also looked at specific types of SEN at 5-18 years (MacKay 2013). Increased
odds of sensory SEN, physical or motor SEN, specific learning difficulty SEN, intellectual
SEN, and unspecified SEN were observed with increasing effect estimate as gestational age
decreases. However, language SEN, social, emotional or behavioural SEN and autistic
spectrum disorder SEN showed mixed findings that mainly did not reach statistical
significance.

Low to high quality evidence from four studies (sample sizes ranging from 6031 to 12586)
mostly show an association between low gestational age and poor performance in Key
Stages 1 (KS1) score (Chan 2014; Odd 2016; Odd 2013a; Peacock 2012). High quality
evidence from one study (n=11169) that examined the overall KS1 score at 8 years in
children born at different gestational ages against their term peers matched by either
chronological age, corrected age, or corrected age and year of schooling show slightly mixed
findings (Odd 2013a). When matched by chronological age and corrected age, all preterm
children (<32, 32-36, and <37 weeks) had an increased odds of low KS1 score compared to
their term peers. However, when matched by corrected age and the year of schooling, the
association was no longer statistically significant in either gestational age group. Low quality
evidence from another study (n=6031) show an increased odds of low overall KS1 at 7 years
of age among children born preterm compared with term (<32, 32-33, and 34-36 weeks of
gestation) (Chan 2014). This study also looked at KS1 scores on specific domains and found
an increased odds of low KS1 reading score and low KS1 writing score among all preterm
children regardless of their gestational age at birth. Low KS1 speaking and listening score
was only significant among the children born at <32 weeks of gestation. There was no
statistical difference between children born preterm and term born children on low KS1
mathematics score. Low KS1 science score was only significant among the children born at
32-33 weeks of gestation. Moderate quality evidence from one study (n=10279) show a
decreased odds of success in KS1 overall assessment among children born at 32-36 weeks
of gestation compared to their full-term born peers (Peacock 2012). Children born preterm
were also less likely to succeed in KS1 reading, writing and mathematics assessments
compared to the term children. Finally one study of moderate quality showed an increased
odds of low KS1 score among children born at <37 weeks of gestation compared to full term
children at age 5-7 years (Odd 2016).
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Moderate quality evidence from one study (n=7650) that reports teacher assessment of the
Foundation Stage Profile (FSP) of children at 5 years of age, comparing term born children to
children born preterm (23-31 weeks; 32-33 weeks; and 34-36 weeks) was available (Quigley
2012). A significant or borderline significant association with not good level of overall
achievement was found among all gestational age groups compared to full-term born
children. The children born at 23-31 weeks of gestation had an increased odds of performing
poorly in personal, social and emotional development scales. Children born at 34-36 weeks
of gestation had a borderline significant increased odds. All gestational age groups had a
borderline significant increased odds of performing poorly in communication, language and
literacy. All preterm children had increased odds of performing poorly in mathematical
development scales, the association among late children born preterm (34-36 weeks) was
borderline significant.

In relation to biological factors

Small for gestational age

Low quality evidence from one study (n=1439) that examined the association between being
born small for gestational age and having school difficulties (defined as needing special
schooling or having low grades, reported by parents) among children born preterm at eight
years of age was available (Guellec 2011). No association was found among small for
gestational age children born at 24-28 weeks of gestation but an increased odds of school
difficulties was found among small for gestational age children born at 29-32 weeks of
gestation.

No evidence was identified on the relationship between other biological factors and special
educational needs.

Sex

Low quality evidence from one study (n=219) show male children born at <26 weeks of
gestation to be more likely to be provided special educational needs support at 11 years
compared to their female peers (Johnson 2011).

Ethnicity or race

Low quality evidence from one study (n=219) show no association between maternal
ethnicity and special educational needs among extremely children born preterm at 11 years
of age (born at <26 gestational weeks) (Johnson 2011).

In relation to neonatal factors

Brain abnormalities

Low quality evidence from one study (n=219) show a significant association between
abnormal cerebral ultrasound scan and special educational needs at 11 years among
children born at <26 gestational weeks (Johnson 2011).

Necrotising enterocolitis

Low quality evidence from one study (n=219) show no association between necrotising
enterocolitis and special educational needs among extremely children born preterm at 11
years of age (born at <26 gestational weeks) (Johnson 2011).
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Antenatal steroids

Low quality evidence from one study (n=219) show no association between any exposure to
antenatal steroids and special educational needs among extremely children born preterm at
11 years of age (born at <26 gestational weeks) (Johnson 2011).

Postnatal steroids

Low quality evidence from one study (n=219) show no association between any exposure to
postnatal steroid for chronic lung disease and special educational needs among extremely
children born preterm at 11 years of age (born at <26 gestational weeks) (Johnson 2011).

No evidence was identified on the relationship between other neonatal factors and special
educational needs.

In relation to social, environmental or maternal factors

Maternal age

Low quality evidence from one study (n=219) show no association between maternal age
and special educational needs among extremely children born preterm at 11 years of age
(born at <26 gestational weeks) (Johnson 2011).

Socioeconomic status

Low quality evidence from one study (n=219) show no association between socioeconomic
status and special educational needs among extremely children born preterm at 11 years of
age (born at <26 gestational weeks) (Johnson 2011).

Chorioamnionitis

Low quality evidence from one study (n=219) show no association between chorioamnionitis
(suspected or proven) and special educational needs among extremely children born preterm
at 11 years of age (born at <26 gestational weeks) (Johnson 2011).

No evidence was identified on the relationship between other social, environmental or
maternal factors and special educational needs.
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Risk of developmental disorders
Review question:

What is the risk of developmental disorders in babies, children and young people born
preterm at different gestational ages?

How do the following factors influence the risk of developmental disorders in babies,
children and young people born preterm:

¢ biological factors

¢ neonatal factors

e socioeconomic, maternal and environmental factors
¢ postnatal factors?

Description of clinical evidence

The aim of this review was to identify different factors (gestational age at birth; biological
factors; neonatal factors; social, environmental or maternal factors; and postnatal factors)
that can affect the risk of developmental disorders in babies, children and young people born
preterm. Biological factors that were considered included sex of the child, being born small
for gestational age, and ethnicity or race. Neonatal factors included brain abnormalities,
sepsis, retinopathy of prematurity, necrotising enterocolitis, exposure to antenatal steroids,
exposure to postnatal steroids, and bronchopulmory dysplasia. Social, maternal or
environmental factors included socioeconomic status, maternal substance abuse, maternal
alcohol abuse, multiple pregnancy, chorioamnionitis, neglect, maternal age and maternal
mental health problems. Postnatal factors included epilepsy and age at establishing oral
feeding.

Developmental disorders considered as outcomes included cerebral palsy (CP), intellectual
disability, specific learning impairment, speech and language impairment, attention deficit
hyperactivity disorder (ADHD), autism spectrum disorder (ASD), mental and behavioural
disorders, developmental co-ordination disorder and hearing and visual impairments. In
addition, composite neurodevelopmental or neurosensory outcomes were considered.
Composite neurodevelopmental outcome was defined as the child having one or more of the
following disorders: moderate to severe intellectual disability, CP or motor delay, vision
impairment or hearing impairment. Composite neurosensory outcome was defined as having
one or more of the following disorders: CP or motor delay, vision impairment or hearing
impairment.

Studies were included if they: 1) were prospective or retrospective population-based or multi-
centre cohort studies; 2) included only participants born after 1990; 3) confounders were
adjusted for in the analyses. For full details see review protocol in Appendix D:.

In total, 64 publications were included in the review (Adams-Chapman 2008; Allred 2014,
Ambalavanan 2012; Andrews 2008; Beaino 2010; Beaino 2011; Bolisetty 2014; Burnett
2014; Carlo 2011; Davis 2007; DedJesus 2013; Foix-L'Helias 2008; Goldstein 2013; Guellec
2011; Hansen 2004; Helderman 2012; Herber-Jonat 2014; Hillemeier 2011; Hintz 2005;
Hirvonen 2014; Hoffman 2015; Hwang 2013; Johnson 2010; Johnson 2011; Kallen 2015;
Kent 2012; Kiechl-Kohlendorfer 2013; Kuzniewicz 2014; Larroque 2008; Laughon 2009;
Leversen 2010; Marret 2007; Merhar 2012; O'Shea 2008; Mikkola 2005; Miyazaki 2016;
Moore 2012; Natarajan 2012; Odd 2013; Pappas 2014; Payne 2013; Perrott 2003; Petrini
2009; Rabie 2015; Rogers 2013; Serenius 2013; Shah 2012; Shankaran 2004; Singer 2001;
Singh 2013; Stoll 2004; Sukhov 2012; Tommiska 2003; Toome 2013; VanMarter 2011;
Victorian Infant Collaborative Study Group 2000; Vincer 2006; Vohr 2000; Vohr 2005; Walsh
2005; Wolke 2008; Wong 2014; Wood 2005; Woythaler 2011).
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Thirty-three of the studies came from the United States (Adams-Chapman 2008; Allred 2014;
Ambalavanan 2012; Andrews 2008; Carlo 2011; DeJesus 2013; Goldstein 2013; Helderman
2012; Hillemeier 2011; Hintz 2005; Hoffman 2015; Kuzniewicz 2014; Laughon 2009; Merhar
2012; O'Shea 2008; Moore 2012; Natarajan 2012; Pappas 2014; Payne 2013; Petrini 2009;
Rabie 2015; Rogers 2013; Shah 2012; Shankaran 2004; Singer 2001; Singh 2013; Stoll
2004; Sukhov 2012; VanMarter 2011; Vohr 2000; Vohr 2005; Walsh 2005; Woythaler 2011).
Six studies came from both Australia (Bolisetty 2014; Burnett 2014; Davis 2007; Kent 2012;
Victorian Infant 2000; Wong 2014) and France (Beaino 2010; Beaino 2011; Foix-L'Helias
2008; Guellec 2011; Larroque 2008; Marret 2007). Four studies came from the United
Kingdom and Ireland (Johnson 2010; Johnson 2011; Wolke 2008; Wood 2005) and 1 study
came from the United Kingdom (Odd 2013). Three studies came from Finland (Hirvonen
2014; Mikkola 2005; Tommiska 2003). Two studies came from Canada (Perrott 2003; Vincer
2006) and Sweden (Kallen 2015; Serenius 2013). One study came from each of the following
countries: Austria (Kiechl-Kohlendorfer 2013), Denmark (Hansen 2004 ), Estonia (Toome
2013), Germany (Herber-Jonat 2014), Japan (Miyazaki 2016), Norway (Leversen 2010), and
Taiwan (Hwang 2013).

Fifty-three studies were population-based or multi-centre prospective cohort studies (Adams-
Chapman 2008; Allred 2014; Ambalavanan 2012; Andrews 2008; Beaino 2010; Beaino 2011;
Bolisetty 2014; Burnett 2014; Carlo 2011; Davis 2007; Foix-L'Helias 2008; Guellec 2011;
Hansen 2004; Helderman 2012; Herber-Jonat 2014; Hillemeier 2011; Hwang 2013; Johnson
2010; Johnson 2011; Kallen 2015; Kent 2012; Kiechl-Kohlendorfer 2013; Kuzniewicz 2014;
Larroque 2008; Leversen 2010; Marret 2007; Merhar 2012; O'Shea 2008; Mikkola 2005;
Natarajan 2012; Odd 2013; Payne 2013; Perrott 2003; Petrini 2009; Rabie 2015; Rogers
2013; Serenius 2013; Shah 2012; Shankaran 2004; Singer 2001; Singh 2013; Stoll 2004;
Tommiska 2003; Toome 2013; VanMarter 2011; Victorian Infant 2000; Vincer 2006; Vohr
2000; Vohr 2005; Walsh 2005; Wolke 2008; Wood 2005; Woythaler 2011). Nine studies were
retrospective cohort studies (Dedesus 2013; Goldstein 2013; Hintz 2005; Hoffman 2015;
Laughon 2009; Miyazaki 2016; Moore 2012; Pappas 2014; Wong 2014) and two studies
used population-based registry data (HGirvonen 2014; Sukhov 2012).

Seventeen publications stemmed from the Eunice Kennedy Shriver National Institute of Child
Health and Human Development (NICHD) Neonatal Research Network (NRN). Twelve
publications came from the Extremely Low Gestational Age Newborns (ELGAN) study from
the US (Allred 2014; Helderman 2012; Hillemeier 2011; Kuzniewicz 2014; Laughon 2009;
O'Shea 2008; Petrini 2009; Rabie 2015; Rogers 2013; Singh 2013; VanMarter 2011;
Woythaler 2011). Six publications came from the French Etude Epidemiologique sur les
Petits Ages Gestationnels (EPIPAGE) study (Beaino 2010; Beaino 2011; Foix-L'Helias 2008;
Guellec 2011; Larroque 2008; Marret 2007). Four publications came from the EPICure study
from the UK and Ireland (Johnson 2010; Johnson 2011; Wolke 2008; Wood 2005). Three
publications came from an Australian cohort of extremely preterm infants admitted to any of
the 10 NICUs within New South Wales (NSW) and the Australian Capital Territory (Bolisetty
2014; Kent 2012; Wong 2014) and three publications came from the Victorian Infant
Collaborative Study Group (Burnett 2014; Davis 2007; Victorian Infant Collaborative Study
Group 2000). The rest of the included publications were the only publications from their
respective cohort studies.

Gestational age as a risk for developmental disorders

Nineteen studies studied the association between gestational age (preterm versus term) and
different developmental disorders (Burnett 2014; Helderman 2012; Hillemeier 2011; Hirvonen
2014; Johnson 2010; Johnson 2011; Kent 2012; Kuzniewicz 2014; Larroque 2008; Odd
2013; Petrini 2009; Rabie 2015; Rogers 2013; Serenius 2013; Singh 2013; Sukhov 2012;
Toome 2013; Wolke 2008; Woythaler 2011). Five of these studies looked at the association
between gestational age and CP (Hirvonen 2014; Odd 2013; Petrini 2009; Sukhov 2012;
Toome 2013). Eight studies looked at the association between gestational age and
intellectual disability (Burnett 2014Helderman 2012; Hillemeier 2011; Larroque 2008; Petrini

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
135



—
QUOWOoOONOOAWN-

G G G
AP WN -

16

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

37
38
39

40

41
42
43
44
45
46
47
48
49
50
51

Developmental follow-up of children and young people born preterm
Risk and prevalence of developmental problems and disorders

2009; Serenius 2013; Singh 2013; Toome 2013; Woythaler 2011). Four studies looked at the
association between gestational age and speech, language and communication delay (Rabie
2015; Serenius 2013; Toome 2013; Wolke 2008). Four studies looked at the association
between gestational age and mental and behavioural disorders Burnett 2014; Johnson 2010;
Rogers 2013; Singh 2013). Two studies looked at the association between gestational age
and autism spectrum disorder (Kuzniewicz 2014; Singh 2013) and attention deficit
hyperactivity disorder (Rabie 2015; Singh 2013). Two studies looked at the association
between gestystional age and neurosensory or neurodevelopmental composite outcome
(Kent 2012; Toome 2013). One study looked at the association between gestational age and
specific learning difficulties (Johnson 2010).

No evidence was found on the association between gestational age and developmental co-
ordination disorder among children born preterm. No evidence was identified on the
association between gestational age and hearing or visual impairment, although these
outcomes were included in a composite outcome measure in 2 studies (Kent 2012; Toome
2013).

Biological factors as risk for developmental disorders

Twenty-four publications studied the association between biological factors (sex of the child,
being born small for gestational age, and ethnicity or race) and developmental disorders
among children born preterm (Ambalavanan 2012; Andrews 2008; Beaino 2011; Bolisetty
2014; Davis 2007; De Jesus 2013; Guellec 2011; Hansen 2004; Helderman 2012; Hirvonen
2014; Hoffman 2015; Hwang 2013; Kent 2012; Kuzniewicz 2014;Leversen 2010; Marret
2007; Moore 2012; Natarajan 2012; Shankaran 2004; Singh 2013; Tommiska 2003; Toome
2013; Vohr 2000; Walsh 2005). Ten of these studies reported on the association between
biological factors and CP (Andrews 2008; Beaino 2011; Guellec 2011; Hansen 2004;
Hirvonen 2014; Marret 2007; Shankaran 2004; Tommiska 2003; Toome 2013; Vohr 2000).
Twelve studies reported on the association between biological factors and intellectual
disability (Ambalavanan 2012; Andrews 2008; Beaino 2011; Hansen 2004; Helderman 2012;
Hoffman 2015; Marret 2007; Natarajan 2012; Shankaran 2004; Singh 2013; Toome 2013;
Vohr 2000) and two studies on speech, language or communication impairment (Hoffman
2015; Toome 2013). One study reported on the association between biological factors and
mental or behavioural disorders (Singh 2013) and four studies on ASD (Hwang 2013;
Kuzniewicz 2014; Moore 2012; Singh 2013), and one study on ADHD (Singh 2013). One
study reported on the association between biological factors and vision impairment and
hearing impairment (DeJesus 2013). Six studies looked at the association between different
biological factors and composite neurodevelopmental or neurosensory outcome (Bolisetty
2014; Kent 2012; Leversen 2010; Shankaran 2004; Toome 2013; Walsh 2005).

No evidence was found on the association between different biological factors and
developmental co-ordination disorder or specific learning impairment among children born
preterm.

Neonatal factors as risk for developmental disorders

Forty publications reported on the association between different neonatal factors (brain
abnormalities, sepsis, retinopathy of prematurity, necrotising enterocolitis, exposure to
antenatal steroids, exposure to postnatal steroids, bronchopulmory dysplasia) and
developmental disorders amonf children born preterm (Adams-Chapman 2008; Allred 2014;
Andrews 2008; Beaino 2010; Beaino 2011; Bolisetty 2014; Carlo 2011; Foix-L'Helias 2008;
Goldstein 2013; Hansen 2004; Herber-Jonat 2014; Hintz 2005; Hirvonen 2014; Hoffman
2015; Hwang 2013; Johnson 2010; Kallen 2015; Kiechl-Kohlendorfer 2013; Kuzniewicz
2014; Laughon 2009; Leversen 2010; Merhar 2012; O'Shea 2008; Mikkola 2005; Natarajan
2012; Payne 2013; Perrott 2003; Shah 2012; Shankaran 2004; Stoll 2004; Tommiska 2003;
Toome 2013; VanMarter 2011; Victorian Infant Collaborative Study Group 2000; Vincer
2006; Vohr 2000; Vohr 2005; Walsh 2005; Wong 2014; Wood 2005). Of these studies, 22
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reported on the association between different neonatal factors and CP (Adams-Chapman
2008; Allred 2014; Andrews 2008; Beaino 2010; Beaino 2011; Carlo 2011; Foix-L'Helias
2008; Hansen 2004; Hintz 2005; Hirvonen 2014; Mikkola 2005; Payne 2013; Shankaran
2004; Stoll 2004; Tommiska 2003; Toome 2013; VanMarter 2011; Victorian Infant
Collaborative Study Group 2000; Vincer 2006; Vohr 2000; Vohr 2005; Wood 2005), and 22
reported on intellectual disability (Adams-Chapman 2008; Allred 2014; Andrews 2008;
Beaino 2010; Beaino 2011; Carlo 2011; Foix-L'Helias 2008; Hansen 2004; Hintz 2005;
Hoffman 2015; Kallen 2015; Laughon 2009; O'Shea 2008; Mikkola 2005; Natarajan 2012;
Payne 2013; Shah 2012; Shankaran 2004; Stoll 2004; Toome 2013; Vohr 2000; Vohr 2005).
One study reported on the association between neonatal factors and specific learning
impairment (Kiechl-Kohlendorfer 2013), and three studies reported on speech, language or
communication impairment (Hoffman 2015; Payne 2013; Toome 2013). One study reported
on the association between neonatal factors and mental dirorders (Johnson 2010), and 2
studies on ASD (Hwang 2013; Kuzniewicz 2014). Four studies reported on the association
between neonatal factors and vision impairment (Adams-Chapman 2008; Carlo 2011;
Mikkola 2005; Stoll 2004 ), and three studies on hearing impairment (Adams-Chapman 2008;
Carlo 2011; Stoll 2004). Nineteen studies reported on the association between neonatal
factors and composite neurodevelopmental or neurosensory outcome (Adams-Chapman
2008; Bolisetty 2014; Carlo 2011; Goldstein 2013; Herber-Jonat 2014; Hintz 2005; Kallen
2015; Leversen 2010; Merhar 2012; Payne 2013; Perrott 2003; Shah 2012; Shankaran 2004;
Stoll 2004; Toome 2013; Victorian Infant Collaborative Study Group 2000; Vohr 2005; Walsh
2005; Wong 2014).

No evidence was found on the association between neonatal factors and developmental co-
ordination disorder and ADHD among children born preterm.

Social, environmental and maternal factors as risk for developmental disorders

Fourteen publications studied the association between different social, environmental and
maternal factors (socioeconomic status, maternal substance abuse, maternal alcohol abuse,
multiple pregnancy, chorioamnionitis, neglect, maternal age and maternal mental health
problems) and developmental disorders among children born preterm (Beaino 2010; Beaino
2011; Hirvonen 2014; Hoffman 2015; Kallen 2015; Leversen 2010; Marret 2007; Miyazaki
2016; Pappas 2014; Shankaran 2004; Singer 2001; Tommiska 2003; Toome 2013; Wood
2005). Ten of these studies reported on the risk of CP (Beaino 2010; Beaino 2011; Hirvonen
2014; Marret 2007; Miyazaki 2016; Pappas 2014; Shankaran 2004; Tommiska 2003; Toome
2013; Wood 2005), and ten on intellectual disability (Beaino 2010; Beaino 2011; Hoffman
2015; Kallen 2015; Marret 2007; Miyazaki 2016; Pappas 2014; Shankaran 2004; Singer
2001; Toome 2013). Two studies reported on speech, language or communication
impairment (Hoffman 2015; Toome 2013) and one on vision impairment and hearing
impairment (Miyazaki 2016). Six studies reported on the association between different social,
environmental or maternal factors on composite neurodevelopmental or neurosensory
outcome (Kallen 2015; Leversen 2010; Pappas 2014; Shankaran 2004; Singer 2001; Toome
2013).

No evidence was found on the association between social, environmental and maternal
factors and developmental co-ordination disorder, specific learning impairment, mental
disorders, ASD, or ADHD among children born preterm.

No evidence was found on the association between postnatal factors and developmental
disorders among children born preterm.

The feasibility of combining study data using meta-analysis was assessed. Due to the
following differences between studies, it was not considered appropriate to pool the results:
¢ the inclusion/exclusion criteria for participants

e ages of participants at the time of assessment

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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1 e confounders adjusted for in multivariate analysis models
2 o outcome definitions and measurement tools
3 e consistency of results.
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4.1.2.21 Summary of included studies

2 Table 15:Summary of studies on the association between gestational age and developmental disorders

Cerebral palsy

Odd 2013 Prospective N=13,843 Infants with cerebral Ethnicity, Cerebral palsy at 7 years Moderate
regional cohort Analysis palsy were identified housing, age:
compares from hospital and crowding, Term: reference
moderate to late community health maternal 32-36 weeks: OR 6.38 (2.28-
preterm infants service records, and education, 17.76)
(32-36 weeks) to  the diagnosis Socio-economic
full term (37-42 confirmed at age 4 group, car
weeks) using the Standard ownership, age,
Recording of Motor gender, parity,
Deficit weight, length,
head
circumference at
birth, mode of
delivery,
maternal
hypertension,
pyrexia, need for
resuscitation at
birth
Hirvonen 2014 Population based Overall sample: All inpatient and Maternal age, By the age of 7 years Low
retrospective n=1039263 outpatient visits due to maternal Cerebral palsy
cohort using Sample size after @ CI‘D diagngsis in srpo!<ing status,  gestational age
national registry oy ciusions: f:gtzléfe?gspl;fﬂl: were S:;T'Igirsog Term: Reference
z;gﬂ Lz?:lofir diagnosis of CP in section, <32 weeks: OR 9.37 (7.34-
comparisons of Finland is based on maternal 11.96)
Sersirl pely Ck medical history, dlab_etes, 32+0 to 33+6 weeks: OR
ot different ultrasound and MRI multiple 5.12 (4.13-6.34)
data, and pregnancy, 34+0 to 36+6 weeks: OR

gestational ages)

multidisciplinary

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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n=53078 evaluations in the assisted
paediatric neurology reproductive
units of 20 secondary  technology,
level central hospitals  cervical

and 5 tertiary level cerclage,
university hospitals. chorionic villus
The diagnosis is sampling,
included in the PROM,

database as soon as it preeclampsia,

has been established  time of birth,
antenatal steroid
use, place of
birth, mode of
delivery, gender,
gestational
weight, birth
weight <1500g,
Apgar score,
umbilical artery
pH, admission to
neonatal unit,
ventilator,
resuscitation at
birth,
phototherapy,
antibiotic
therapy, RDS,
sepsis,
intracranial
haemorrhage,
convulsions and
hyperbilirubinae

mia.
Petrini 2009 Regional n=141321 ICD 9 codes of patient Maternal During follow-up time of up to Moderate
retrospective Analysis diagnoses in ethnicity, sex, 5.5 years
cohort study compares electronic medical multiple Cerebral palsy

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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preterm infants to

full term (37-41
weeks)

records were used to
identify cases of
cerebral palsy and

pregnancy and
size for
gestational age.

Term: Reference

34-36 weeks: HR 3.39 (2.54-
4.52)

developmental 30-33 weeks: HR 7.87 (5.38-
delay/mental 11.51)
retardation. '
Sukhov 2012 Retrospective n=6,145,357 Cerebral palsy was Maternal age, At between 5 and 15 years Moderate
cohort study Analysis identified through an parity, maternal  Cerebral palsy
using population compares administra:ctive o1 education, Term: Reference
registry data different aroups database from 21 non- payer-source, i
of preter,?, infgnts profit regional centres  ethnicity, timing g%g? weeks: OR 2.20 (2.05-
to term (=37 which provide therapy of initiation of ) .
weeks) services to people prenatal care, 28-31 weeks: OR 8.83 (8.04-
with developmental number of 9.70)
disabilities including prenatal visits, < 28 weeks: OR 18.21
CP. gestational age, (16.70-19.86)
birthweight,
multiple
pregnancy,
gender,
placental
abruption, fetal
distress, mild to
severe birth
asphyxia, birth
defects, birth
trauma,
meningitis and
cord prolapse.
Intellectual disability
Woythaler 2011 Population based n=1200 preterm The mental Gestational age, At 2 years chronological age = Moderate
prospective infants (34-36+6  development index plurality, Severe developmental delay
cohort study weeks) (MDI)) of the Bayley maternal race, Taire [Paltaiees
Short Form Research  education,

edition (BSF-R) were

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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n=6300 term used to identify depression, Mild developmental delay
infants (=37 developmental delay prenatal care, Term: Reference
weeks) and psychomotor primary 34-36+6 weeks: OR 1.43

developmental delay. language, infant (1.22-1 67)
Abnormal scores were gender, poverty ’ '
identified as mild level, delivery

abnormality (between  type, fetal

1SD and 2SD below growth and any

the mean score)and  breast milk

severe abnormality feeding.

(<2SD below the

mean score).

Serenius 2013 Population based n=456 preterm Cognitive, language Maternal country At 2.5 years corrected age Moderate
prospective infants (<27 and motor of birth Mild cognitive impairment
cohort study weeks) development were all  (Nordic/non- T S
(EXPRESS) n=701 full term assessed with the Nordic), <Zr7m. ie.reoani 32379

controls (37-41 Bayley- Scales of maternal and i WeeKs. Sz
weeks) Infant and Toddler paternal Mild mental developmental
Development (Bayley- educational level ~delay
). Term: Reference
Cognitive, language <27 weeks: OR 3.0 (1.8-5.0)
and motor
development was Moderate mental

the composite score
on the respective
Bayley-lll scale was
within 1 SD of the
norm, mildly impaired
if the score was
between 1 and 2SD
below the norm,
moderately impaired if
the score was
between 2 and 3 SD
below the norm, and

Term: Reference
<27 weeks: OR6.4 (2.4-17.1)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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severely impaired if
the score was < 3SD
below the norm.

Larroque 2008 Population based n=1534 preterm Mental Processing Maternal age, At age 5 years High
prospective children born at Composite (MPC) of parity, maternal  |ntellectual disability (MPC
cohort study 22 t0 32 the Kaufmann education, score 55-69)
(EPIPAGE) completed weeks  Assessment Battery maternal .
gestation for Children (K-ABC)  birthplace and Zgrg'z neferonce o
n=320 term was used to assess socioeconomic 6.4) : B
controls born at intellectual disability. status. ’
39-40 weeks Scores of <2SD below
the mean were taken
as abnormal.
Petrini 2009 Regional n=141321 ICD 9 codes of patient Maternal During follow-up time of up to Moderate
retrospective Analysis diagnoses in ethnicity, sex, 5.5 years
cohort study compares electronic medical multiple For the outcome of
preterminfants to records were usedto  pregnancy and  Developmental delay/mental
full term (37-41 identify cases of size for retardation
weeks) cerebral palsy and gestationalage.  Torm: Reference
developmental .
delay/mental ?452? weeks: HR 1.25 (1.01-
retardation. )
30-33 weeks: HR 1.90 (1.34-
2.71)
Singh 2013 Cross sectional n=85,535 Parents were askedto Household During follow-up period of Low
survey Separated into self- report whether composition, between 2 and 17 years
premature their child had been place of Intellectual disability/mental
children (born at diagnosed with one of residence and retardation
<37 weeks) and the disorders by a highest Term: Reference
term children (=37  doctor or health care household/paren

weeks)

provider.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Helderman 2012  Multicentre Sample recruited: The assessment of Single mother,
Prospective n=1506 developmental delays  BMI>30,
cohort study Sample eligible (determined by vaginal/cervical
for assessment: cognitive impairment infection,
n=1200 Mental Development caesarean
Index [MDI]) at 24- delivery, BWZ <-
an?gple analysed months adjusted age 2, mother's
o eene at 24-months included education <12
exclusions:n=921 the Bayley Scales of years or >16
Infant Development- years,
2nd Edition (BS'D-”) Hospita| cluster
Cognitive impairment
was defined as an
MDI <70. An MDI <55
was considered
severe cognitive
impairment.
Hillemeier 2011 National n=7,200 Cognitive delay was Adjustment for
longitudinal assessed at 24 and 48 sex, age,
cohort study months age using the  race/ethnicity,

socioeconomic
variables,
characteristics
of gestation and
infant status at
birth

Bayley Short Form-
Research Edition
(BSF-R). Children
scoring the lowest
10% of the scale were
considered to have
cognitive delay. At 48
months, Bayley
assessment was not
possible due to age,
therefore a
standardised
assessment
developed for other
large studies of child
development. Children

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Intellectual disability
(developmental delay -
Mental Developmental Index
[MDI])

Gestational age 23—24 week
- (RR [95% Cls]) Referent
group is infants with MDI <70

MDI < 55: 1.9 (0.97, 3.6)
MDI = 55-69: 1.0 (0.5, 1.9)
Gestational age 25—26 week
- (RR [95% Cls]) Referent
group is infants with MDI <70
MDI < 55:1.2 (0.7, 2.1)

MDI = 55-69: 0.8 (0.5, 1.3)

At 24 months:
Cognitive delay
Gestational age
Term Ref

Moderately preterm (33-36
weeks) OR 1.07 (NS, 95% CI
not presented)

Very preterm (<=32 weeks)
1.52 (NS)

The model adjusted for sex,
age, race/ethnicity,
socioeconomic variables,
characteristics of gestation
and infant status at birth.

At 48 months:

Cognitive delay

Gestational age

Moderate (the
study was
downgraded for
risk of bias
because the
confounders for
adjustment were
not reported
clearly)

Low
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scoring lowest 10% Term Ref
were considered to Moderately preterm (33-36
have cognitive delay weeks) 1.10 (NS)
Very preterm (<=32 weeks)
1.86 (NS)

The model adjusted for sex,
age, race/ethnicity,
socioeconomic variables,
characteristics of gestation
and infant status at birth.

Speech and/or language disorder

Serenius 2013 Population based n=456 preterm Cognitive, language Maternal country Mild language impairment at  Moderate
prospective infants (<27 and motor of birth 2.5 years corrected age
cohort study weeks) development were all  (Nordic/non- Term: Reference
(EXPRESS) n=701 full term assessed with the Nordic), <27 weeks: OR 3.5 (1.9-6.4)
controls (3741 Bayley- Scales of maternal and
weeks) Infant and Toddler paternal
Development (Bayley- educational level Moderate language
). impairment
Cognitive, language Term: Reference
and motor <27 weeks: OR 5.1 (1.9-13.8)

development was
considered normal if
the composite score
on the respective
Bayley-lll scale was
within 1 SD of the
norm, mildly impaired
if the score was
between 1 and 2SD
below the norm,
moderately impaired if
the score was
between 2 and 3 SD
below the norm, and

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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severely impaired if
the score was < 3SD
below the norm.

Rabie 2015 Retrospective n=38802 ICD-9 codes from Birth weight, At age 3-5 years. Low

cohort Study Ana|ysis Medicaid files were SGA and LGA, Developmenta| Speech

using population  compares late used to identify gender, and/or language delay

registry data preterminfants to ~ children with ADHD ethnicity, i Peeres

full term (39-41+6 and developmental hospital ]
weeks) ( speech and/or characteristics SRR LS (28l
language delay. and maternal

medical
comorbidities
(diabetes,
hypertension,
anaemia,
chronic lung
disease, herpes,
neurologic
disorder,
coagulation
disorder,
obesity,
depression).

Wolke 2008 National cohort n=308 children Serious impairment in  Adjusting for Outcomes assessed at Low
study born <=25 receptive and MPC score median age of 6 years and 4
gestational weeks expressive language (cognitive ability) months:
n=241 children ability, evaluated Serious impairment in

survived to follow- using the Preschool language abilities
up Language Scale-3 Total score:

(UK) (PLS-3) which

n=160 full-term comprises Auditory

Full-term Extremely preterm
born children as

P Comprehension and Ref 1.3(03-5.3)

group. matched Expressi\_/e . Auditory comprehension:

by age and sex Communication Full-term Extremely preterm
scales. Total score Ref 1.6(0.3-9.8)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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cAuditory
comprehension
-Expressive
communication
Articulation screener
Outcome were
dichotomized a priori
using a cut-off of 2 SD
or the 10th/90th
percentiles as
appropriate (not
specified which one
was used for this

Expressive communication:
Full-term Extremely preterm
Ref 1.2 (0.2-6.5)
Articulation screener:
Full-term Extremely preterm
Ref 1.1(0.3-4)

Model adjusted for cognitive
impairment score (MPC
score).

outcome).
Attention deficit hyperactivity disorder
Burnett 2014 Prospective n=215 early Standardized face-to-  Adjusting for At age 18 years: Low
geographical preterm/extremely face clinical interview  sex, parental ADHD t
low birth weight d tionnai ducati d it
cohort study low birth weig and questionnaires education an Normal BW EP/ELBW
infants were used to assess childhood SES.
Reference 2.67 (1.08-6.58)
n=157 normal the mental health )
birth weight status in late ADHD, combined type
(>2499 g) adolescence Normal BW EP/ELBW
controls ADHD, any type (All Reference 4.9 (0.56-43.24)
n=372 in total ADHD types assessed ADHD, hyperactive/impulsive

with the ADHD
module of the
Children's Interview
for Psychiatric
Syndromes (ChIPS))
ADHD, combined type
ADHD, inattentive
type

ADHD,
hyperactive/impulsive
type

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Rogers 2013 Cross sectional n=39 preterm (34- The Preschool Age Sex, family At age 3-6 years Low
survey 36 weeks) Psychiatric income, IQand  Rjsk of ADHD
n=154 full term Assessrréept (Pgl;ﬁ)h ethnicity. Term: Reference
40-41 weeks was used to establis i
( ) T s - 242-;3? weeks: OR 0.81 (0.29-
diagnoses. It was ’
administered by
bachelor's or master's ADHD-inattentive
level clinicians and Term: Reference
final diagnoses were 34-36 weeks: OR 1.21 (0.11-
derived using 13.22)
computerised
algorithms.
Rabie 2015 Retrospective n=38802 ICD-9 codes from Birth weight, At age 3-5 years. Low
cohort study Analysis Medicaid files were SGA and LGA, ADHD
using population compares late used to identify gender, Term: Reference
registry data preterminfants to ~ children with ADHD ethnicity, 34-36+6 weeks: HR 1.21
full term (39-41+6 and developmental hospital (0.98-1.49) : '
weeks) speech and/or characteristics : :
language delay. and maternal
medical
comorbidities
(diabetes,
hypertension,
anaemia,
chronic lung
disease, herpes,
neurologic
disorder,
coagulation
disorder,
obesity,
depression).
OR are

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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adjustment for
sex and
socioeconomic
status did not
affect the results

significantly.
Johnson 2010 Population based n=219 preterm The Development and OR are At age 11 years Moderate
g y
prospective children born at Wellbeing unadjusted, as ADHD
cohort study <26 weeks Assessment was adjustment for TerrE Betaaras
(EPICure) n=152 term administered via a sex and ' i
controls telephone interview socioeconomic 2 wgeks. OF_{ 3 (Ll
(exact gestation with parents. Potential ~ status did not ADHD inattentive subtype
not described) cases were identified  affect the results Term: Reference
using computer based  significantly. <26 weeks: OR 10.5 (1.4-
scoring algorithms, 81.1)
and final DSM-1V ADHD combined type
dlagnos(eisé)were hild Term: Reference
assigned by two chi i
e <26 weeks: OR 2.1 (0.5-7.9)
psychiatrists on review
of summary sheets
and clinical transcripts
Singh 2013 Cross sectional n=85,535 Parents were askedto Household During follow-up period of Low
survey Separated into self- report whether composition, between 2 and 17 years
premature their child had been place of ADHD
children (born at diagnosed with one of  residence and e [BeEETee
<37 weeks) and the disorders by a highest <37 weeks: OR 1.49 (1.29-
term children (=37  doctor or health care household/paren 173 : . :
weeks) provider. tal education. )
Autism spectrum disorder
Kuzniewicz2014  Regional n=195021 Cases of autistic Gestational age, During follow-up period of High
prospective Analysis spectrum disorder sex, maternal age 2-11
cohort study compares identified through a age, maternal Austism spectrum disorder

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

preterm infants to
term (=37 weeks)

regional autism
registry.
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Singh 2013 Cross sectional

survey

Specific learning difficulty

Johnson 2011 Population based
prospective
cohort study

(EPICure)

Mental and behavioural disorders

Burnett 2014 Prospective
geographical
cohort study

n=85,535
Separated into
premature
children (born at
<37 weeks) and
term children (237
weeks)

n=219 preterm
children born at <
26 weeks

n=153 term
controls

(exact gestation
not described)

n=215 early
preterm/extremely
low birth weight
infants

n=157 normal
birth weight
(>2499 g)
controls

Cases were defined
as children with at
least one diagnosis of
ASD made at an ASD
evaluation centre, or
by a clinical specialist,
or by a general
paediatrician.

Parents were asked to
self- report whether
their child had been
diagnosed with one of
the disorders by a
doctor or health care
provider.

Wechsler Individual
Achievement Test to
measure mathematics
and reading ability.
Scores of <2SD below
the mean were taken
as abnormal.

*Any anxiety or mood
disorder (All DSM-1V
Axis | disorders
(mood, anxiety,
substance use,
psychotic, eating and
adjustment disorders)
assessed with the

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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small for
gestational age.

Household
composition,
place of
residence and
highest
household/paren
tal education.

OR are
unadjusted, as
adjustment for
maternal
education and
socioeconomic
status did not
affect the results
significantly.

Adjusting for
sex, parental
education and
childhood SES.

34-36 weeks: HR 1.3 (1.1-

1.4)

27-33 weeks: HR 1.4 (1.1-

1.8)

24-26 weeks: HR 2.7 (1.5-

5.0)

During follow-up period of Low
between 2 and 17 years

Autism spectrum disorder

Term: Reference

<37 weeks: OR 2.26 (1.69-

3.03)

At age 11 years Moderate
Reading impairment

Term: Reference

< 26 weeks: OR 21.6 (6.6-

70.4)

Mathematics impairment

Term: Reference

< 26 weeks: OR 58.7 (14.2-

242.9)

At age 18 years: Low

Any anxiety or mood disorder
Normal BW EP/ELBW
Reference 1.08 (0.61-1.91)
Any mood disorder

Normal BW EP/ELBW
Reference 0.96 (0.51-1.84)
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Rogers 2013

Cross sectional
survey

n=372 in total

n=39 preterm (34-
36 weeks)

n=154 full term
(40-41 weeks)

Structured Clinical
Interview dor DSM-IV
Disorders, Axis 1 Non-
Patient version (SCIP-
I/NP), Assessments
supplemented by
questionnaires
examining recent
anxiety and
depression symptoms:
the Beck Anxiety
Inventory (BAI) and
the Center for
Epidemiologic Studies
Depression Scale -
Revised (CESD-R).)
*Any mood disorder
*Any anxiety disorder

*Co-morbid anxiety
and mood disorder

The Preschool Age
Psychiatric
Assessment (PAPA)
was used to establish
DSM-1V Axis 1
diagnoses. It was
administered by
bachelor's or master's
level clinicians and
final diagnoses were
derived using
computerised
algorithms.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Sex, family
income, 1Q and
ethnicity.

Any anxiety disorder
Normal BW EP/ELBW
Reference 1.11 (0.53-2.33)

Co-morbid anxiety and mood
disorder

Normal BW EP/ELBW
Reference 0.90 (0.34-2.41)
Any SCID-I/NP diagnosis
Normal BW EP/ELBW
Reference 1.16 (0.67-2.04)

At age 3-6 years
Oppositional Defiant Disorder
Term: Reference

34-36 weeks: OR 2.30 (0.98-
5.40)

Conduct Disorder
Term: Reference

34-36 weeks: OR 1.60 (0.55-
4.66)

Any anxiety diagnosis
Term: Reference

Low
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34-36 weeks: OR 3.74 (1.59-
8.78)

weeks)

provider.

tal education.

Johnson 2010 Population based n=219 preterm The Development and OR are At age 11 years Moderate
prospective children born at Wellbeing unadjusted, as Maijor depression
EPCwe) | neass om e || TR

u n=152 term .

controls telephone interview socioeconomic 2 weeks_. ORZ2 (022140

(exact gestation with parents. Potential  status did not Conduct disorder

not described) cases were identified  affect the results Term: Reference
using computer based  significantly. <26 weeks: OR 0.9 (0.4-2.2)
scoring algorithms, Oppositional defiant disorder
gig%zg:;g?v'\élr'év Term: Reference
assigned by two child <26 weeks: OR 1.0 (0.4-24)
and adolescent
psychiatrists on review
of summary sheets
and clinical
transcripts.

Singh 2013 Cross sectional n=85,535 Parents were asked to Household During follow-up period of Low

survey Separated into self- report whether composition, between 2 and 17 years
premature their child had been place of Conduct disorder (including
children (bornat ~ diagnosed with one of  residence and  gppositional defiant disorder)
<37 weeks) and the disorders by a highest e [BeEE e
term children (=37  doctor or health care household/paren

<37 weeks: OR 1.50 (1.21-

1.86)

Anxiety

Term: Reference

<37 weeks: 1.58 (1.31-1.91)
Depression

Term: Reference

<37 weeks: 1.33 (1.01-1.74)

Composite outcomes

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Kent 2012 Population based Sample size
longitudinal N=2701
cohort study Followed up at 2-

3 years: n=1473

Assessment of
outcome involved
examination of 4
domains:
developmental,
neurologic, vision, and
hearing
Developmental
assessment used the
Griffiths Mental
Developmental Scales
or Bayley Scales of
Infant Development Il
Neurologic
assessment included
evaluation of muscle
tone, primitive
reflexes, automatic
reactions, and
volitional movement
Cerebral palsy was
diagnosed if the child
had non-progressive
motor impairment
characterised by
abnormal muscle tone
and a decreased
range or decreased
control of movements,
accompanied by
neurologic signs
Moderate to severe
functional disability
was defined as one or
more of the following:
developmental delay

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Multiple
regression
analysis
adjusted for
male versus
female,
gestational age,
birth weight
percentiles,
antepartum
haemorrhage,
pregnancy-
induced
hypertension,
foetal stress,
emergency
caesarean
delivery, Apgar
score <7 at5
min, outborn
versus inborn

At 2-3 years corrected age
Gestational age:
27-28 weeks GA: reference

22-26 weeks GA: OR 2.444
(1.831-3.263)

High
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(<2SD below the
mean for adjusted age
determined by the
Griffiths Mental
Developmental Scales
or BSID-II, cerebral
palsy (unable to walk
without aids), bilateral
blindness (visual
acuity <6/60 in better
eye), or bilateral
deafness (requiring
bilateral hearing aids
or cochlear implants)

Toome 2013 Population based n=155 preterm Cerebral palsy was Antenatal At corrected age of 2 years High
prospective infants (<32 defined according to steroids, Moderate/Severe
cohort study weeks) the guidelines of the multiple births, neurodevelopmental disability
n=153 full term Surveillance of gestational age,  (CP with GMFCS level 2,3,4
controls (=37 Cerebral Palsy in birthweight, or 5; cognitive and/or
weeks) Europe collaborative ~ small for language composite scores
group. The Bayley gestational age,  of <-2SD below the norm;
Scales of Infant and male gender, hearing loss corrected with
Toddler Development  surfactant, hearing aids or deafness;
were used to generate  postnatal vision moderately reduced or
composite scores for  steroids, IVH blindness.)

cognitive, language
and motor skills.

grade 3-4 and/or
PVL grade 2-4,

OR 0.7 (0.6-0.9) per
additional week of gestational

A composite outcome  BPD, ROP age
measure of stage 3-5 with
neurodevelopmental  laser therapy,

impairment was used.
This includes any one
(or more) of the

positive blood
culture sepsis,
NEC stage 2-3,

following criteria: CP weight<10th
with GMFCS level p_ercent"e at
2,3,4 or 5; cognitive discharge,

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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and/or language maternal age,
composite scores of <- maternal higher
2SD below the norm; education,
hearing loss corrected single mother,

with hearing aids or paternal age,

deafness; vision paternal higher

moderately reduced or education and

blindness. low income of
the family

1 Table 16: Summary of studies on the association between different biological factors and developmental disorders

Cerebral palsy

De Jesus 2013 Retrospective  N=2971 SGA Moderate or severe cerebral CP assessed at 18-22  Moderate
cohort study - Infants born -adjusted for: palsy (CP) based on presence months corrected age
between 23 0/7 Random effects of bilateral hearing loss (withor  among children born
and 26 6/7 weeks variable, male, sex, without amplification) or between 23 and 26
GA multiple birth, GA, bilateral blindness (vision weeks’ GA:
antenatal corticosteroid ~ <20/200). moderate or severe
use, hypertension, and CP:
maternal education SGA: OR 2.55, 95%Cl
1.69-3.86
Shankaran Prospective N=246 Male gender CP was defined as none- CP assessed at 18-22 Low
2004 cohort study Black race progressive central nervous months corrected age

Risk factors adjusted for system disorder characterised among children born
each other plus by abnormal muscle tone in at at 23.6 weeks GA;
surfactant least one extremity and Male: 1.2 (0.6-2.4)
administration. steroids  @onormal control of movement

for BPD, Medicaid, no ~ and posture Black: 1.0 (05-2.2)
high school degree, 2-

parent household

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Tommiska
2003

Toome 2013

Population
based
prospective
cohort study

Prospective
population
based cohort.

N= 208

Infants with a birth
weight below
1000g and
gestational age of
at least 22 full
weeks.

N=187

Male gender:
-Adjusted for:
multiparity, pre-
eclampsia, premature
rupture of membranes,
maternal infection,
antenatal steroid
treatment,
hyperstimulation or in
vitro fertilisation,
maternal age below 20
or above 40, smoking,
marital status, social
class 1-4, birth in
secondary level
hospital, catchment
area for the different
hospitals, vaginal
delivery, birth weight
(100g groups),
intrauterine growth
restriction, gestational
age, male gender,
multiple birth,
anomalies, respiratory
distress syndrome,
septicaemia, necrotising
enterocolitis with
perforation and

intraventricular

haemorrhage grades 2-

4.

Male gender Cerebral palsy was defined
SGA according to the guidelines of

the Surveillance of Cerebral

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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CP assessed at age High
18 months corrected

age among children

born = 22 weeks’ GA:

Male gender

Not a significant
independent predictor
on multivariate
analysis

Assessed at corrected  High
age 2 years.
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Hansen 2004 Prospective

cohort

Marret 2007 Population
based
prospective

cohort

Born at mean 28.8
(28.4-29.1) weeks
gestation

N=252
Children born at <
28 weeks’ GA

n=2457
children born at 30-
34 weeks gestation

-Adjusted for:
Gestational age
SGA

Maternal age

Low income of the
family

Multiple births
Antenatal steroids
Postnatal steroids
BPD (defined as oxygen
dependency at 36
weeks)

ROP stage 3-5 with
laser therapy
Positive blood culture
sepsis

NEC stage 2-3

Male gender:
-Adjusted for:

IVH, NEC, CRIB-score
(high), chronic lung
disease, and mechanic
ventilation during
neonatal course

Male gender

-Adjusted for:

Cerebral palsy was
defined as at least two
of: abnormal posture or
movement, increased
tone and hyperreflexia.
When the diagnosis of

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Palsy in Europe collaborative
group, and the Gross Motor
Function Classification System
(GMFCS) was used to quantify
motor function in infants with
CP.

Cerebral palsy was diagnosed
in accordance with the criteria
as defined in the Surveillance of
cerebral palsy in Europe

Cerebral palsy was defined as
at least two of: abnormal
posture or movement,
increased tone and
hyperreflexia. When the
diagnosis of cerebral palsy was
in doubt, a panel of trained
paediatricians met to discuss
the case.

Risk of cerebral palsy
Male gender
SGA

Not found to be
significant predictors

CP assessed at age 5
years among children
born < 28 weeks’ GA:

Sex/boy: 0.5 (0.2-1.6)

CP assessed at age 5
years age among
children born at

30-34 weeks
gestation:

Female: Reference
Male: OR 1.5 (0.9-2.5)

Moderate

Moderate
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Andrews 2008 Prospective

cohort study

Hirvonen 2014  Population
based
retrospective
cohort using
national

registry data.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

N=375

Children born
between 23 and 32
weeks’ GA

N= 53,078
Children born at
between 32 and
34-36+6
Weeks GA

cerebral palsy was in

doubt, a panel of trained

paediatricians met to
discuss the case.

African American
ethnicity;

-Adjusted for:
gestational age and
ethnicity. The study did
not clearly report on
how many multiple

regression models were

run for the results
reported.

Male

SGA

-Adjusted for:

period of study (1991-
1995, 1996-2001 or
2002-2008), maternal
age, maternal smoking
status, primiparous,
previous C-section,
maternal diabetes,
multiple pregnancy,
order of fetuses,
assisted reproductive
technology, cervical
cerclage, chorionic
villus sampling, PROM,
preeclampsia, time of
birth, antenatal steroid
use, place of birth,
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Cerebral palsy was defined as
an abnormal muscle tone in at
least one extremity and
abnormal control of movement
and posture

The diagnosis of CP in Finland
is based on medical history,
ultrasound and MRI data, and
multidisciplinary evaluations in
the paediatric neurology units of
20 secondary level central
hospitals and 5 tertiary level
university hospitals

CP assessed at age 6
years among children
born between 23 and
< 32 weeks' GA:
African American
ethnicity:

OR 0.1, 95% C.I. 0.01
- 0.6

CP assessed at age 7:

Within very preterm
infants, <32 weeks
gestation

Sex

Female: Reference
Male: OR 1.34 (1.11-
1.61)

SGA

Appropriate for
gestational age™:
Reference

Small for gestational
age: OR 0.75 (0.57-
0.99)

Within moderately
preterm infants, 32+0

High

Low
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Guellec 2011

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

Prospective
cohort study

N=2846

n=1822 children
with follow-up at 5
years on CP and

mode of delivery,
gender, gestational
weight, birth weight
<1500g, Apgar score,
umbilical artery pH,
admission to neonatal
unit, ventilator,
resuscitation at birth,
phototherapy, antibiotic
therapy, RDS, sepsis,
intracranial
haemorrhage,
convulsions and
hyperbilirubinaemia.

Small for gestational
age (SGA) (vs
appropriate for
gestational age AGA)
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Cerebral palsy (CP), defined
according to the European CP
Network definition, children
were classified as having CP if
they had abnormal posture or

to 33+6 weeks
gestation:

Sex

Female: Reference

Male: OR 1.11 (0.80-
1.55)

SGA

Appropriate for
gestational age™:
Reference

Small for gestational
age: OR 1.10 (0.57-
2.13)

Within late preterm
infants, 34+0 to 36+6
weeks gestation

Sex

Female: Reference
Male: OR 0.98 (0.75-
1.28)

SGA

Appropriate for
gestational age™:
Reference

Small for gestational
age: OR 1.85 (1.25-
2.75)

Outcome(s) at age
Outcomes assessed
at 5 years of age:
Cerebral palsy (CP)

Moderate
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cognitive outcome  Adjusted for gestational movement, increased tone or 1) Infants born at 24-
(disorders) age, gender, special hyperreflexia (spastic CP), 28 weeks of gestation:
class of the family, type  involuntary movements AGA (>=20th
of pregnancy (single vs  (dyskinetic CP), or loss of centile):reference;
multiple). coordination (ataxic CP). SGA (<10th centile):

Detailed medical and neurologic 4 -4 (0.54-5.60)
examintion in which tone,

reflexes, postures and 2) Infants born at 29-
movements were assessed. 32 weeks of gestation:
Trained paediatricians reviewed AGA (>=20th centile):
data for children with abnormal ~ reference;

results on neurologic SGA (<10th centile):
examination to validate the 0.39(0.14-1.08)
diagnosis of CP and assess the
severity.
Intellectual disability
Natarajan Prospective N=963 Male gender Results of a structured Assessed at 18 to 22 Moderate
2012 cohort study Born at < 27 weeks SGA neurologic examination by months corrected age
gestation _Adjusted for: trained examiners and among children born
gestational age status language and cognitive scores at < 27 weeks’ GA:
surgical NEC, severe ’ gn Bayley Scales of Infant Cognitiv<_a impairment
IVH or CyStiC PVL, evelopment Il at 18-22 (Compos|te score)
bloodstream infection, TETIE CEmEIEr 26E (<70): OR (95%Cl):
and antenatal steroids Cogpnitive composite score <70 Male: 1.39 (0.86-2.24)
was defined as cognitive SGA: 2.60 (1.23-5.50)
impairment
Amabalavanan Multicentre Sample recruited -  Male; Intellectual disability was At 18-22 months Moderate
2012 prospective n=14147 assessed by the Mental corrected age
cohort study Developmental Index <70 on Intellectual disability
Bayley Scales of Infant (developmental delay:
Development-lI, Mental Developmental

Index [MDI <70]]

Sex, Male gender -
(OR [95% Cils])

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Guellec 2011 N=2846

n=1822 children
with follow-up at 5
years on CP and
cognitive outcome

(disorders)

Prospective
cohort study

Sample recruited:
n=1506

Sample eligible for
assessment:
n=1200

Sample analysed
after
exclusions:n=921

Multicentre
prospective
cohort study

Helderman
2012

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

Small for gestational
age (SGA) (vs
appropriate for
gestational age AGA)
Adjusted for gestational
age, gender, special
class of the family, type
of pregnancy (single vs
multiple).

Gender

Ethnicity;

Neonatal data were
collected from the
newborn’s medical
record.

161

Cognitive deficiency, defined by
a Mental processing Composite
(MPC) <85 (-1SD) assessed by
the French version of the
Kaufman Assessment Battery
for Children, administered by
trained psychologist.

The assessment of
developmental delays
(determined by cognitive
impairment Mental
Development Index [MDI]) at
24-months adjusted age at 24-
months included the Bayley
Scales of Infant Development-
2nd Edition (BSID-Il). Cognitive
impairment was defined as an
MDI <70. An MDI <55 was
considered severe cognitive
impairment.

Referent group is not
reported ( assume is
MDI>70) 1.62 (1.42—
1.86)

At age 5 years:
Cognitive deficiency
SGA

Infants born at 24-28
weeks GA:

AGA (>=20th centile):
reference

SGA (<10th centile):
1.05 (0.34-3.19)
Infants born at 29-32
weeks GA:

AGA (>=20th centile):
reference

SGA (<10th centile):
1.73 (1.12-2.69)

At 24 months
corrected age

Intellectual disability
(developmental delay
MDI

Male gender:

(RR [95% Cls])
Referent group is
infants with MDI <70

Moderate

MDI
MDI < 55: 2.5 (1.6,
4.1)

MDI = 55-69: 2.0 (1.3,
3.2)
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Hoffman 2015  Retrospective
cohort study
Vohr 2000 Multicentre
cohort study
Shankaran Multicentre
2004 prospective
cohort study

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

Sample recruited -
n=3790

N=1151

n=246 preterm
infants <24 weeks’
gestation and
<750g

Ethnicity;

Male;
Ethnicity;
SGA

Male;
Ethnicity;
Adjusted for:

-risk factors were
adjusted for each other,
plus surfactant
administration, steriods
for BPD, Medicaid, No
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The primary study outcomes
were BSID-IIl composite
cognitive and language scores.

Mental development index
(MDI) <70, assessed by Bayley
Scales of Infant Development-I|
(BSID-I1)

The Bayley Scales of Infant
Development (BSID-II),
including the Mental
Developmental Index (MDI)

Ethnicity (non- white
race):

(RR [95% Cls])
Referent group is
infants with MDI <70
MDI

MDI < 55:2.3 (14,
3.8)

MDI = 55-69: 2.1 (1.3,
3.5)

At 18-22 months
corrected age
(intellectual disability)
Cognitive Composite
<70 - (RR[95% Cls])
Referent group is not
reported 0.79 (0.56—
1.12)

At 18-22 months
corrected age:

MDI <70: Not
significant (only
reported graphically)

Moderate

Low

At 18-22 months'
corrected age among
those born <24 weeks

Low

GA;

Cognitive impairment
(MDI < 70): OR
(95%Cl)

Male: 2.1 (1.1-4.0)



Developmental follow-up of children and young people born preterm
Risk and prevalence of developmental problems and disorders

Singh 2013

Toome 2013

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

Cohort study

Prospective
population
based cohort.

N=85,535

N=187

Born at mean 28.8
(28.4-29.1) weeks
gestation

high school degree, 2-
parent household
Male gender

Adjusted for: age, sex,
race/ethnicity,
household composition,
place of residence, and
household education
and income levels

Male gender
SGA

-Adjusted for:
Gestational age

SGA

Maternal age

Low income of the
family

Multiple births
Antenatal steroids
Postnatal steroids
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Self-reported development
problems;

For the outcome of
behavioural/emotional
problems, it was measured as a
composite, global mental health
indicator which include
depression, anxiety, or
behavioural or conduct
problems in the child.

For disorders, parents were
asked whether they were told
by a doctor that their child had a
disorder between age 2 to 17
years;

The Bayley Scales of Infant and
Toddler Development were
used to generate composite
scores for cognitive, language
and motor skills, with a mean
(SD) score of 100 (£15).
Results are presented
according to the number of
participants with scores <2SD
below the mean for cognitive
and language composite
scores.

Black: 1.9 (0.9- 3.8)

Intellectual
disability/mental
retardation, AOR
(95%Cl) at2 to 17
years:

Gender:

Female: Reference
Male: 1.70 (1.25-2.31)
Race/ethnicity:
Non-Hispanic white:
reference

Hispanic: 0.65 (0.36-
1.19)

Non-Hispanic black:
0.87 (0.60)
Non-Hispanic mixed
race: 1.00 (0.61-1.64)
Other: 0.41 (0.23-
0.76)

Assessed at corrected
age 2 years among
children born mean
28.8 weeks’ GA.

Risk of cognitive
composite score <-
2SD

Male gender

SGA

not found to be
significant predictors

Low

High
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Beaino 2011 Population
based
prospective

cohort

Hansen 2004 Prospective

cohort

N= 1503

Children born
between 24-32wk’s
GA

N=252
Children born at <
28 weeks’ GA

BPD (defined as oxygen
dependency at 36
weeks)

ROP stage 3-5 with
laser therapy
Positive blood culture
sepsis

NEC stage 2-3

Gender

SGA

-Adjusted for:

neonatal cerebral
lesions, gestational age
of 28 weeks or less,
gender, small for
gestational age, Apgar
score below 7 at one
minute, NEC, BPD at 36
weeks, acute anaemia,
late-onset anaemia and
postnatal
corticosteroid), social
factors (parental
socioeconomic status,
number of siblings) and
breast feeding.

Male
-Adjusted for:

IVH, NEC, CRIB-score
(high), chronic lung
disease, and mechanic
ventilation during
neonatal course

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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The assessment used the
Kaufman Assessment Battery
for Children (K-ABC) test.
Overall cognitive ability was
evaluated by the Mental
Processing Composite score,
which was available for 1503
infants. Cognitive deficiency
was classified as severe when
the MPC score was below 70 (-
2SD below the norm).

Intelligence test: Wechsler's
Preschool and Primary Scale of
Intelligence-Revised, WPPSI-R,
was used as an intelligence
test.

Intellectual disability: An 1Q
score below -2 SD from the
mean of a reference group

Severe cognitive
deficiency assessed at
age 5 years, among
children born between
24 and 32 weeks’ GA:
Male: OR 1.08 (0.74-
1.57)

SGA: OR 2.49 (1.41-
4.40)

Assessed at age 5
years among children
born < 28 weeks’ GA:
For the outcome of IQ
score below 2 -SD of
the mean:

Sex/boy: 1.0 (0.5-2.0)

Moderate

Moderate
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Speech and/or language disorder

Hoffman 2015  Retrospective
cohort study

Toome 2013 Prospective
population

based cohort.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

N=3790 Sample
recruited - n=3790
infants (456 born to
adolescent
mothers + 3364
born to adult
mothers)

N=187

Born at mean 28.8
(28.4-29.1) weeks
gestation

Ethnicity
Regression models

were used to compare
relative risk (RR) of

adverse outcomes at 18

to 22 months,

controlling for infant and

maternal characteristics
that varied significantly
between groups

When control variables
were highly related or
overlapped, only 1
control variable was
included to avoid
overestimation
problems due to
multicollinearity

Male gender
SGA

-Adjusted for:
Gestational age

SGA

Maternal age

Low income of the
family

Multiple births
Antenatal steroids
Postnatal steroids
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classified children with
intellectual disability.

The Bayley Scales of Infant and
Toddler Development were
used to generate composite
scores for cognitive, language
and motor skills, with a mean
(SD) score of 100 (£15).
Results are presented
according to the number of
participants with scores <2SD
below the mean for cognitive
and language composite
scores.

At 18-22 months
corrected age
Intellectual disability
(Language Composite
<70 and <85)
Language Composite
<70 - (RR[95% Cls])
Referent group is not
reported1.10 (0.83—
1.46)

Assessed at corrected
age 2 years among
children born mean
28.8 weeks’ GA.

Risk of language
composite score <-
2SD
Male gender
No: Reference

Yes: OR 4.9 (1.1-21.8)

SGA not found to be a
significant predictor

Moderate

High
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Autism spectrum disorder (ASD)

Kuzniewicz Retrospective = N=235,198preterm

2014 cohort study children born at 24-
using 34 weeks’ GA
population
registry data

Hwang 2013 National N= 1078 preterm
prospective children born at
study early preterm

(GA<28 weeks),
later preterm (GA
28-36 weeks), full
term (=37 weeks
GA) weeks’ GA

BPD (defined as oxygen
dependency at 36
weeks)

ROP stage 3-5 with
laser therapy
Positive blood culture
sepsis

NEC stage 2-3

SGA
-Adjusted for:

gestational age, gender,
maternal age, maternal
education and SGA.

Male
-Adjusted for:

BPD, birth weight, and
cerebral dysfunction

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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ASD: Children with a diagnosis
of austism, Asperger syndrome
or pervasive developmental
disorder not otherwise specified
were identified. The minimum
age of children in the cohort
was 3 years of age at the time
the registry was assessed.
ASD cases were defined as
children with at least 1
diagnosis of ASD made at an
ASD evaluation centre, or by a
clinical specialist (psychiatrist,
psychologist or developmental
paediatrician) outside of the
evaluation centre, or by a
general paediatrician.

Infantile autism: children with
autism were diagnosed and
coded by their doctors based on
ICD-9-CM definitions.

Diagnosis of ASD at
age 2 to 11 years
among children born
at 24-34 weeks’ GA:
SGA:

No: Reference

Yes: HR 3.0 (1.4-6.3)

High

Infantile Autism Low
assessed at age 8 to

11 years among

children born
preterm/extremely low

birth weight (750g-
1499g)weeks’ GA: OR

(95% ClI)
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Moore 2012 Retrospective
cohort

Singh 2013 Cross
sectional
survey

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

n=21717 children
with autism, of
which a proportion
were children born
preterm

N=85, 535
Separated into
premature children
(born at <37
weeks) and term
children (=37
weeks)

SGA
-Adjusted for: maternal

age, race, hypertension,

preeclampsia, diabetes,
birth order, twin
gestation, and months
since last live birth.

Gender
Ethnicity

Household composition,

place of residence and
highest
household/parental
education
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Cases of autism were identified

by: 1. An autistic level of one on

any Client Development
Evaluation Report or 2. An
International Classification of
Diseases 9th edition (ICD-9)
code of 299.0 (autistic
disorder), 299.8 or 299.9

Parents were asked to self-
report whether their child had
been diagnosed with one of the
disorders by a doctor or health
care provider.

Male: 4.1 (3.1-5.3)
Autism assessed at High
age 11 years:

SGA 5-10 % (stratified
by gestational age
groups):

Reference: AGA>10 to
<90%=1.00

Among those 23-31
weeks GA:

SGA: OR 1.36 95%CI
0.91-2.02

32-33 weeks GA:
SGA: OR 1.00 95%CI
0.57-1.78

34-36 weeks GA:
SGA: OR 1.12 95%CI
0.91-1.38

At age 2 to 17 years Low
Autism spectrum
disorder, AOR
(95%Cl):

Gender:

Female: Reference
Male:4.49 (3.48-5.80)
Racef/ethnicity:
Non-Hispanic white:
reference

Hispanic: 0.85 (0.53-
1.36)

Non-Hispanic black:
0.61 (0.41-0.92)
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Non-Hispanic mixed
race: 1.07 (0.75-1.55)

Other: 0.60 (0.40-
0.89)

ADD/ADHD, AOR
(95%Cl):

Gender:

Female: Reference
Male:2.43 (2.15-2.75)
Race/ethnicity:
Non-Hispanic white:
reference

Hispanic: 0.42 (0.33-
0.54)

Non-Hispanic black:
0.64 (0.53-0.77)
Non-Hispanic mixed
race: 0.91 (0.74-1.11)
Other: 0.33 (0.25-

0.43)
Hearing impairment
De Jesus 2013 Retrospective = N=2971 SGA Neurodevelopmental Assessment at 18-22  Moderate
cohort study - Infants born -adjusted for: impairment was defined as months corrected age
between 23 0/7 Random effects presence of at least one of the among children born
and 26 6/7 weeks  variable. male. sex following: 1. A composite score  between 23 and 26
GA multiple ’birth G A ’ <70 on the cognitive component weeks’ GA:
antenatal corticosteroid ~ ©f the Bayley Scales of Infant For the outcome of
use, hypertension, and and Toddler Development hearing loss with or
maternal education (BSID-IIT); 2. Moderate or without amplification:
severe cerebral palsy (CP) SGA: OR 1.38. 95%Cl

based on presence of bilateral »
hearing loss (with or without 0.44-4.36 (P=0.58)
amplification) or bilateral

blindness (vision <20/200).

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Vision impairment

De Jesus 2013 Retrospective = N=2971 SGA Neurodevelopmental Assessment at 18-22  Moderate
cohort study - Infants born -adjusted for: impairment was defined as months corrected age
between 23 0/7 Random effects presence of at least one of the ~ among children born
and 26 6/7 weeks  variable, male, sex, following: 1. A composite score  between 23 and 26
GA multiple birth, GA, <70 on the cognitive component weeks’ GA:
antenatal corticosteroid  ©f the Bayley Scales of Infant For the outcome of
use, hypertension, and and Toddler Development blindness (<20/200
maternal education (BSID-IIl); 2. Moderate or vision bilaterally):
severe cerebral palsy (CP) SGA: OR 10.9, 95%ClI

based on presence of bilateral )
hearing loss (with or without 215855
amplification) or bilateral

blindness (vision <20/200).

Developmental coordination disorder (DCD)

Davis 2007 Prospective N=298 consecutive Fine and gross motor abilities Outcome at age: Low
cohort study were assessed using the Developmental
N=262 randomly Movement Assessment Battery  Coordination Disorder
selected infants for Children (MABC), age band 4t 8 and 9 years age
2 for 7 to 8 year olds After adjustment for all
Cut off of the 5th centile was other perinatal
used to denote children with Variab|es, 0n|y male
DCD sex increased the risk
Full scale |IQ was sued as a of a child having
measure of general cognitive developmental
ability coordination disorder,
Parents and teachers with P value 0.017
completed the Behaviour
Assessment System for
Children
Composite outcomes
Shankaran Multicentre n=246 preterm Neurodevelopmental At 18-22 months' High
2004 prospective infants <24 weeks’ impairment (NDI) was defined corrected age among
cohort study Adjusted for: as CP, MDI or PDI < 70,

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Walsh 2005 Prospective
cohort study

Bolisetty 2014  Retrospective
multicentre
cohort study

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

gestation and
<750g

n=3041 children
born at 25.8 £2.23
weeks
postmenstrual
age.

N= 1472
Born between 23
and 28+6 weeks'

-risk factors were
adjusted for each other,
plus surfactant
administration, steroids
for BPD, Medicaid, No
high school degree, 2-
parent household.

Male

SGA

Ethnicity

Adjusted for: male,
SGA, ethnicity, PLV,
Grade llI-IV IVH,
Postnatal steroids,
Antental steriods

Male gender;

SGA (<10th percentile
and <3rd percentile)
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bilateral blindness, or hearing
impaired with amplification.

The Bayley Scales of Infant
Development - Il, including the
mental scale, psychomotor
scale, and the behavior rating
scale, were administered by
developmental specailists
trained.

BSID-Il scores of 100 + 15
represent the mean + 1
standard deviation

The neurologic examination is
based on the Amiel-Tison
neurologic assessment. Infants
were scored as normal if no
abnormalities were observed in
the examination.

Moderate neurosensory
impairment was defined as the
presence of developmental
delay (Griffiths Mental
Developmental Scale General
Quotient or Bayley Scales of
Infant Development MDI
between 2 and 3 SD below the
mean), moderate cerebral palsy
(able to walk with the
assistance of aids) or deafness
(requiring amplification with
bilateral hearing aids or

those born <24 weeks’

NDI: OR (95%Cl)
Male: 1.4 (0.7-2.6)
Black: 1.1 (0.6-2.2)

Outcomes assessed
at 18-22

months Postmenstrual
age, among children
born at 25.8 £2.23
weeks postmenstrual
age.

NDI:

Male gender: 1.62
(1.32-1.93)

SGA was not found to
be a significant
predictor

At 2-3 years' corrected
age among children
born between 23 and
28 weeks’ GA:
Moderate to severe
neurosensory
impairment

Male gender

No: Reference

Yes: OR 1.81 (1.32-
2.47)

Moderate

Moderate



Developmental follow-up of children and young people born preterm
Risk and prevalence of developmental problems and disorders

unilateral/bilateral cochlear SGA <10th percentile
implant). Severe neurosensory  No- Reference
impairment was defined as .

developmental delay (GMDS- gisé)OR 1.94 (1.09-
GQ or MDI less than 3 SD ’
below the mean), severe
cerebral palsy (unable to walk
with the assistance of aids) or
bilateral blindness (visual acuity
<6/60 in the better eye).

Toome 2013 Prospective N=187 Male gender A composite outcome measure  Assessed at corrected High
population Born at mean 28.8 SGA of neurodevelopmental age 2 years among
based cohort.  (28.4-29.1) weeks -Adjusted for: !mpairment was also used. This  children born mean

gestation Gestational age includes any one (or more) of 28.8 weeks’ GA.
the following criteria: CP with
SGA GMFCS level 2,3,4 or 5; ikl
Maternal age cognitive and/or language neurodevelopmental
Low income of the composite scores of <-2SD impairment
family below the norm; hearing loss Mal q
Multiple births corrected with hearing aids or ale gender
Antenatal steroids deafness; vision moderately SGA
Postnatal steroids reduced or blindness. oty it ieunel o b
) significant predictors
BPD (defined as oxygen
dependency at 36 ) .
weeks) Risk of qogn|t|ve
ROP stage 3-5 with composite score <-
laser therapy 3D
Positive blood culture MEID @2 21
sepsis SGA
NEC stage 2-3 not found to be
significant predictors

Kent 2012 Population N=2701 Male gender Moderate to severe functional Moderate to severe High
based N=1473 followed SGA disability was defined as one or  disability among male
longitudinal up at 2-3 years more of the following: and female infants at
cohort study developmental delay (<2SD

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Leversen 2010 Prospective
population
based cohort
study

n=376 preterm
babies discharged
home alive

Gender

Small for gestational
age

Adjusted for gestational
age, gender, multiple
pregnancy,
chorioamnionitis,
preeclampsia, antenatal
steroids, PROM,
Caesarean section,
SGA, illness severity
score (a score of the
lowest and highest FiO2
requirements and the
largest base deficit
during the first 12 hours
of life), septicaemia,
BPD, patent ductus
arteriosus, NEC,
postnatal steroids,
cranial ultrasound
findings and retinopathy
of prematurity

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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below the mean for adjusted
age determined by the Griffiths
Mental Developmental Scales
or BSID-II, cerebral palsy
(unable to walk without aids),
bilateral blindness (visual acuity
<6/60 in better eye), or bilateral
deafness (requiring bilateral
hearing aids or cochlear
implants)

The outcome reported was a
composite finding of "major
neurosensory disabilities". This
includes cerebral palsy,
blindness (classified as legally
blind) or complete deafness.

2 to 3 years corrected
age

Gender:

Female: reference

Male: OR 1.877
(1.398-2.521)

SGA:

AGA: reference

SGA: OR 2.077
(1.376-3.136)

Major neurosensory
disability at 2 years
Gender

Female: Reference
Male: OR 1.3 (0.5-3.8)
Small for gestational
age

No: Reference

Yes: OR 3.0 (0.5-19.9)

Moderate
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1 Table 17: Summary of studies on the association between different neonatal factors and developmental disorders

Cerebral palsy

Hintz 2005 Retrospective N=2948 NEC Cerebral palsy (CP) was CP assessed at 18-22 months Moderate
(USA) cohortstudy  extremely low  -adjusted for: defined as a non- corrected age among children
birth weight network centre, progressive central born extremely low birth weight:
infants, mean  yse of antenatal ~ Nervous systemdisorder NEC surgical: OR 1.31 (0.8-2.14)
GA not glucocorticoids, ~ characterizedby ~ NEC medical: OR 0.68 (0.38-
reported; rupture of abnormal musclg tone in 1.29)
membranes at least 1 extremity and
>24h, outborn abnormal control of

status, estimated movement and posture

gestational age,
gender, race,
birth weight, small
for gestational
age, surfactant
therapy,
intraventricular
haemmorrhage
grade 3 or 4 or
cystic
periventricular
leukomalacia,
sepsis, postnatal
steroid treatment,
bronchopulmonar
y dysplasia, and
highest level of
education
attained by the
primary caregiver

Vincer 2006 Prospective N= 672 Antenatal CP was defined as a CP assessed at age 24 months: Moderate
(Canada) cohort study  children born corticosteroids disorder of control of Antenatal corticosteroids: OR
at < 31wks GA movement or posture 0.53 (0.27 = 1)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Postnatal secondary to a non- Postnatal dexamethasone use:
dexamethasone progressive brain lesion.  OR 2.245 (1.24 -4.06)

use IVH grade Ill and IV :OR7.78
IVH grade 11l and (3.43-18.34)

\Y)

-adjusted for:
gestational age
<28 weeks vs
>28 weeks to 30
weeks; postnatal
dexamethasone
use; patent
ductus artriosus;
severe hyaline
membrane
disease;
resuscitation in
the delivery room;
IVH grades 3 and
4; antenatal
corticosteroid
use. Other
variables that
were considered
and tested for in
the stepwise
backward manner
were: Maternal
age at delivery;
maternal
substance use;
pregnancy-
induced
hypertension;
chlorioamnionitis;
funisitis;

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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oligohydramnios;
polyhydramnios;
multiple birth;
major anomaly;
hydrops fetalis;
SGA; maternal
analgesic use;
maternal
anaesthetics;
premature rupture
of membranes;
birth depression,

5-min Apgar
score;
cardiopulmonary
resuscitation;
indomethacin
use;
hypernatremia,
hyponetremia;
unconjugated
bilirubin;
hypoglycemia;
gender of the
infant.
Payne 2013 Prospective N= 1472 Low grade PIVH  Any cerebral palsy (CP), CP assessed at 18-22 months Moderate
(USA) cohort study  children born Severe PIVH defined as abno.rmal corrected age:
at <27 weeks’  antenatal steroids  tone or reflexes in at Low grade PIVH versus no PIVH:
GA Sepsi least one extremity and OR 1 (0.61-1.64)
o T Severe PIVH no PIVH: OR 3.43
Postnatal steroids  moyement or posture to (2.24-5.27) ' '
-adjusted for. a degree that interferes Se.vere.PIVH versus low grade
PIVH severity (3 with age-appropriate )
levels), vl activity assessed with PR Ol _(1 265595
gestational age, the Amiel-Tison Antenatal steroids: OR 0.69 (0.42-
sex, neurologic assessment ~ 1-14)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Vohr 2005
(USA)

Prospective
cohort study

N= 3785
children born
at 22 to 32
weeks’ GA

race/ethnicity, and Palisano's Gross

maternal Motor Function

education, Classification System

chorioamnionitis,  (GMFCS).

sepsis, antenatal

steroid exposure,

postnatal steroid

exposure, high

frequency

ventilation and

patent ductus

arteriosus

PVL; CP, defined as a non-

IVH grade I11-IV: progressive central

BPD: nervous system disorder
. characterized by

Sepsis: abnormal muscle tone in

Antenatal at least 1 extremity and

steroids: abnormal control of

-adjusted for:

gestational age
group; birth
weight; gender;
small for
gestational age;
multiple births;
surfactant; grades
3 to 4 IVH; PVL;
sepsis; oxygen
requirement at 36
weeks; white vs.
non-white race;
outborn vs. inborn
status caesarean
section vs.
vaginal delivery;

movement or posture

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Sepsis: OR 1.48 (1.03-2.11)

Postnatal steroids: OR 1.44 (0.92-
2.26)

CP (moderate to severe) Moderate
assessed at age 18 to 22 months

corrected age:

PVL: OR 10.5 (7.2 — 15.2)

IVH grade I11-1V: Significantly
increased risk but risk estimate
not reported;

Postnatal steroids: OR 2.02 (1.4-
2.92)

BPD: Significantly increased risk
but risk estimate not reported;
Sepsis: Insignificant association
but risk estimate not reported
Antenatal steroids: 0.66 (0.47-
0.92)
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maternal
education <12
years vs. >=12
years; private
health insurance
vs. public;
conventional
ventiolation vs.
none; adjusted
age at the time of
assessment;
centre; and the 4
interventions of
interest: antenatal
steroids (yes, no),
high-frequency
ventilation vs.
none; days to

regain birth

weight, and

postnatal steroids

(yes, no).
Adams-Chapman  Prospective N=6161 IVH Ill/shunt CP CP assessed at 18 to 22 months Moderate
2008 cohort study  children born IVH IV/shunt corrected age:
(USA) atbetween < _,qisted for: IVH Ili/shunt versus IVH Ill/no

25wksand = g4y center, shunt: OR 2.08 (1.63-2.66)

33 weeks GA  gestational age, IVH lll/shunt versus no IVH/no
birth weight, shunt: OR 3.44 (2.76-4.29)
gender, race, IVH IV/shunt versus IVH IV/no
caesarean shunt: OR 1.83 (1.47-2.28)
section delivery, IVH IV/shunt versus no IVH no
multiple birth, shunt: OR 3.96 (3.19 — 4.92)
antenatal steroid
exposure,
postnatal steroid
exposure,

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Carlo 2011
(USA)

Prospective
cohort study

N= 4924
children born
at 22 to 25
weeks GA

surfactant use,
respiratory
distress
syndrome,
bronchopulmonar
y dysplacia
(BPD), patent
ductus arteriosus,
periventricular
leukomalacia
(PVL), infection
group, caregivers'

education.
Antenatal CP: exact definition not
steroids: reported

-adjusted for:
Gender and race
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Moderate to severe CP assessed
at age 18-22 months corrected
age:

Among children born at < 22-
25wks GA:

Antenatal steroids: OR 0.76 (0.59-
0.98)

Among children born at 22 weeks
GA:

Antenatal steroids: OR 0.88 (0.23-
3.34)

Among children born at 23 weeks
GA:

Antenatal steroids: OR 0.5 (0.3-
0.85)

Among children born at 24 weeks
GA:

Antenatal steroids: OR 0.71 (0.47-
1.08)

Among children born at 25 weeks
GA:

Moderate
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Antenatal steroids: OR 0.97 (0.62-
1.5)

Stoll 2004 Prospective N= 6314 pre- Sepsis CP: defined as non- CP assessed at age 18-22 Moderate
(USA) cohort study  term children -adjusted for: progressive disorder of months corrected age:

study centre, movement and posture  Sepsis alone: OR 1.4 (1.1-1.8)
gestational age, Sepsis plus NEC: OR 1.7 (1.2-
birth weight, sex, 2.5)

race/ethnicity, Meningitis with or without sepsis:

rupture of g
membranes >24 OR 1.6 (1-2.5)

h, CS, multiple
birth, antenatal
antibiotics,
antenatal
steroids,
postnatal
steroids,
surfactant use,
respiratory
distress
syndrome,
bronchopulmonar
y dysplasia,
patent ductus
arteriosus,
intraventricular
haemorrhage
grade 3-4,
periventricular
leukomalacia,
maternal age at
time of delivery,
caregiver's level
of education
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Vohr 2000 Prospective N= 1151 IVH/PVL grade CP: non progressive
(USA) study preterm 1-1V; central nervous system
children born NEC disorder characterized
at 22-32 by abnormal muscle tone
weeks GA in at least 1 extremity

and abnormal control of
movement or posture.
Moderate to severe CP
included children who
were non ambulatory or
required an assistance
device for ambulation

Shankaran 2004 Prospective N= 246 ICH grade IlI-IV; CP: Cerebral palsy was
(USA) study children born PVL: defined as a non-
at less or progressive central

Any antenatal :
equal to 24 s nervous system disorder

weeks GA BPD characterized by
abnormal muscle tone in
B at least 1 extremity and
Adjusted for: risk  abnormal control of

factors were movement and posture.
adjusted for each

other, plus
surfactant
administration,
steroids for BPD,
Medicaid, No high
school degree, 2-
parent household;

Tommiska 2003 Prospective N=208 children Antenatal steroids CP: defined as

(Finland) cohortstudy  born at 27.3 Sepsis progressive motor
months (mean) NEC impairment with spastic
GA Brain or dystonic muscle tone,

brisk tendon reflexes,

abnormalities positive Babinski's sign
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CP assessed at age 18-22
months corrected age:

IVH/PVL grade IlI-1V: 3.05 (2.03-
4.57)

NEC: OR 2.01 (1.05-3.73)

CP assessed at age 18-22
months corrected age:

ICH grade IlI-IVH: OR 1.9 (0.9-
4.1)

PVL; OR 4.4 (1.4-13.5)

Any antenatal steroids: 1.1 (0.6-
2.3)

BPD: nonsignificant association
was found

CP assessed at age 18 months:

Antenatal steroids: OR 3.6 (1.3-
10)

Sepsis: nonsignificant association

was found

Low

Moderate
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-adjusted for: and persistent primitive ~ NEC with perforation:
antenatal reflexes. nonsignificant association was

steroids, vaginal
delivery, sepsis,
NEC, brain
abnormalities

found

IVH grade II-IV: nonsignificant
association was found

Van Marter 2011 Prospective N= 1047 BPD Cerebral palsy (CP), CP assessed at age 24 months Moderate
(USA) cohort study  children born -adjusted for: assessed through a corrected age:
at <28wks’ GA |t was not clearly neurological examination  Cp quadriparesis:
reported and an assessmentfor  gpp only O2: OR 1.6 (0.8-3.2)
U (ETOES L oiel BPD, with mechanical ventilation:
Function Classification OR 5 7 (2.5-13) :
System (GMFCS) to A et
assess the severity of CP diparesis:
the motor disability BPD, only O2: 2.1 (0.8-5)
related to CP. BPD, with mechanical ventilation:
CP classifications: OR 4.2 (1.3-14)
quadriparesis CP hemiparesis:
diparesis BPD, only O2: OR 2.7 (0.7-11)
hemiparesis BPD, with mechanical ventilation:
OR 1.2 (0.1-13)
Allred 2014 Prospective n=1085 ROP CP: topographic CP assessed at age 24 months: Moderate
(USA) cohortstudy  Children born  -adjusted for: diagnosis of CP was CP quadriparesis :

at < 28wks’ GA

gestational age,
birth weight z-
score categories,
hyperoxemia (a
PaO2 in the
highest quartile
on 2 of the first 3
postnatal days),

based on an algorithm
using the data of
quadriparesis, diparesis,
hemiparesis

Score of Neonatal
Acute Physiology-
II (SNAP-II) in the
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ROP stage 3+: OR 1.2 (0.7 -2)

ROP plus disease: OR 1.2 (0.6 -
2.6)

ROP zone 1: OR 0.9 (0.4 - 2.3)
ROP threshold: OR 1.3 (0.3 4.8)

ROP pre-threshold: OR 0.9 (0.5 -
1.9)

CP diparesis:
ROP stage 3+: OR 1.2 (0.5 -2.7)
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Toome 2013 Prospective N= 187

(Estonia) cohort study  children born
at 22-31
weeks GA

highest quartile,
culture-proven
bacteremia in the
first 28 days,
mechanical or
high frequency on
14 or more days,
and growth
velocity in the
lowest quartile

CP: was defined
according to the

Severe cerebral
lesions, including

IVH grade IlI-1V guidelines of the

and/or PVL grade Surveillance of Cerebral
-1V Palsy in Europe
-adjusted for: collaborative group
antenatal

steroids, multiple
births, gestational
age, birthweight,
small for
gestational age,
male gender,
surfactant,
postnatal
steroids, IVH
grade 3-4 and/or
PVL grade 2-4,
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ROP plus disease: OR 2.4 (0.99 -
5.9)

ROP zone 1: OR 2.1 (0.8 -6)
ROP threshold: OR 1.5 (0.3 -7.6)

ROP pre-threshold: OR 2.2 (0.9 -
5.2)

CP hemiparesis:

ROP stage 3+: OR 1.1 (0.4 -3.1)
ROP plus disease: OR 1.3 (0.3 -
4.9)

ROP zone 1: OR 1 (0.2 -5.1)

ROP threshold: NR NR NR

ROP pre-threshold: OR 0.9 (0.2 -
3.3)

CP assessed at age 2 years:

Severe cerebral lesions, including
IVH grade llI-1V and/or PVL grade
[I-1V: OR 43.2 (8.2-226.5)

Moderate
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BPD, ROP stage
3-5 with laser
therapy, positive
blood culture
sepsis, NEC
stage 2-3,
weight<10th
percentile at
discharge,
maternal age,
maternal higher
education, single
mother, paternal
age, paternal
higher education
and low income

of the family
Wood 2005 Prospective N= 283 Antenatal steroids Cerebral palsy was CP assessed at age 30 months Moderate
(USA) study children born ROP classified retrospectively, corrected age:
between 20-25  pisinatal steroids  PeiNg defined as a non-  gjgnificantly abnormal ultrasound
weeks GA _Adjusted for: progressive disorder of scan (defined as parenchymal

movement and posture. pathology and/or

Risk factors were ventriculomegaly): OR 4.95 (2.25

adjusted for each

other although -10.85) ‘

this was not Antenatal ste.r0|q.s: o

clearly reported nonsignificant association
Treatment for ROP:

nonsignificant association
Postnatal steroids for 1-14 days
(vs none): OR 0.92 (0.3-2.82)
Postnatal steroids for 15-28 days
(vs none): OR1.06 (0.4 -2.84)

Postnatal steroids for 2942 days
(vs none): OR 1.09 (0.35-3.4)
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Mikkola 2005
(Finland)

Victorian Infant
Collaborative
Study Group
2000

(Australia)

Prospective
cohort study

Prospective
cohort study

N= 193
Children born
at27.3 (£ 2.1)
weeks’ GA

N= 280
children born
at < 28wks’ GA

Antenatal steroids Cerebral palsy (CP),
-adjusted for: defined as a non-
progressive motor

;nrﬁf)iriﬂzl, high disorder with abnormal
social class, muscle tone, persistent
preeclampsia, or exaggerated primitive
absence of reflexes, or a positive
antenatal Babinski sign associated

with delayed motor

steroids, multiple
development.

birth, gestational
age, birth weight,
gender, SGA,
vaginal delivery,
Apgar score <4 at
5 min, university
hospital area,
birth outside a
tertiary hospital,
IVH grade 3-4,
perforated NEC,
02 dependency
at 36 weeks,
ROP grades 3-4

Postnatal steroids
-adjusted for:

ruptured
membranes
>24h, cystic PVL,
and surgery
during the

CP was assessed by a
paediatrician
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Postnatal steroids for 43-56 days
(vs none): OR 0.68 (0.13 -3.4)

Postnatal steroids for >=57 days
(vs none): OR 4.77 (1.29 -17.56)
CP assessed at age 5 years:
Antenatal steroids: OR 3.4 (1.3-9)

CP assessed at age 5 years:

Postnatal steroids: OR 7.8 (2.9-
21)

Moderate

Moderate
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Foix-L'Helias
2008
(France)

Andrews 2008
(US)

Prospective
cohort study

Prospective

study

N= 2855
children born
at 24- 32
weeks’ GA

N= 375
children born
at 23-31
weeks GA

primary
hospitalization
Antenatal
steroids:
-adjusted for:
gestational age,
social class, sex
and pregnancy
complications. A
propensity score
adjusted for
general
characteristics
(maternal age,
parity, tobacco
consumption,
region and level
of neonatal
intensive care),
maternal

complications and

pregnancy etc.

IVH grade llI-1V;
NEC

-adjusted for:
gestational age
and ethnicity

CP: the definition of
cerebral palsy was that
established by the
European Cerebral Palsy
Network,

CP Cerebral palsy was
defined as an abnormal
muscle tone in at least
one extremity and
abnormal control of
movement and posture.
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CP assessed at age 5 years:

Among children born at 24-32wks
GA:

Antenatal steroids (any): OR 0.99
(0.65-1.52)

Among children born at 24-27wks
GA:

Antenatal steroids (any): OR 1.69
(0.67-4.62)

Among children born at 28-32wks
GA:

Antenatal steroids (any): OR 0.86
(0.54-1.38)

Among children born at 24-32wks
GA:

Antenatal steroids (complete
course): OR 0.83 (0.52-1.31)

Among children born at 24-27wks
GA:

Antenatal steroids (complete
course):: OR 1.22 (0.46-3.26)

Among children born at 28-32wks
GA:

Antenatal steroids (complete
course):: OR0.71 (0.42-1.19)
CP assessed at age 6 years:

IVH grade I1I-IV: OR 25.6 (3.8-
172.2)

NEC: OR 5.7 (0.9-34.1)

Moderate

High



Developmental follow-up of children and young people born preterm
Risk and prevalence of developmental problems and disorders

Hansen 2004 Prospective N= 252
(Denmark) study children born
at 24.1-34.3
weeks GA
Beaino 2010 Prospective N= 1812
(France) study children born
at 22-32wks
GA
Hirvonen 2014 Prospective N- 6347
(Finland) study children born

between < 32

IVH grade llI-1V;
NCE

-adjusted for: risk
factors were
adjusted for each
other in the
multivariate
analysis, as well
as CRIB-score
(high), chronic
lung disease, and
mechanic
ventilation

IVH grade |

IVH grade I

IVH grade Il or
echodensities or
ventricular
dilatation

Cystic PVL or
intraparenchymal
haemorrhage
NEC

BPD

Postnatal steroids
-adjusted for:
“obstetric and
neonatal factors"
but it is not stated
which factors
these were.

CP: Cerebral palsy was
diagnosed in accordance
with the criteria as
defined in the
Surveillance of cerebral
palsy in Europe

Visual disability:

CP: the definition of CP
was that proposed by the
Surveillance of Cerebral
Palsy in Europe

Antenatal steroids The definition of CP was
Sepsis that proposed by the
-adjusted for: Surveillance of Cerebral
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CP assessed at age 5 years: Moderate
IVH grade I1I-IV: OR 19.9 (6.1-
64.8)

NEC: OR 19.1 (3.3-111.3)

CP assessed at age 5 years: Moderate

IVH grade |: OR 1.76 (0.9 -3.45)

IVH grade II: OR 2.56 (1.27 -
5.18)

IVH grade Il or echodensities or

ventricular dilatation: OR 3.4 (2.07

-5.6)

Cystic PVL or intraparenchymal

haemorrhage: OR 28.41 (15.65 -

51.59)

NEC: OR 1.51 (0.64 -3.55)

BPD: 0.95 (0.53 -1.71)

Postnatal steroids: OR 1.41 (0.82

-2.43)

CP assessed at age 7 years: Moderate
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and 36 weeks

Intellectual disability

Hintz 2005 Retrospective N=2948

(USA) cohortstudy  extremely low
birth weight
infants, mean
GA not
reported;

maternal age, Palsy in Europe (SCPE)
maternal smoking collaborative group
status,
primiparous,
previous C-
section, maternal
diabetes, multiple
pregnancy, order
of foetuses,
assisted
reproductive
technology,
cervical cerclage,
chorionic villus
sampling, PROM,
preeclampsia,
time of birth,
antenatal steroid
use, place of
birth, mode of
delivery, gender,
gestational weight

NEC Intellectual disability:
-adjusted for: defined as MDI < 70
network centre assessed through the
use of antenatal  Bayley Scales of Infant
glucocorticoids, Development-II (BSID-II)

rupture of

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Antenatal steroids among children
born at < 32 weeks GA; OR: 0.8
(0.49-1.3)

Sepsis among children born at <
32 weeks GA: OR 0.94 (0.62-
1.43)

Intracranial haemorrhage among
children born at < 32 weeks GA:
3.05 (2.08-4.47)

Antenatal steroids among children
born at 32-33 weeks GA: OR 0.27
(0.09-0.8)

Sepsis among children born at
32-33 weeks GA: OR 1.35 (0.6-
3.05)

Intracranial haemorrhage among
children born at 32-33 weeks GA:
OR 7.18 (3.6-14.3)

Antenatal steroids among children
born at 34-36 weeks GA: OR 1.01
(0.35-2.91)

Sepsis among children born at
34-36 weeks GA: OR 1.5 (0.73-
3.1)

Intracranial haemorrhage among
children born at 34-36 weeks GA:
OR 12.8 (5.58-29.2)

MDI < 70 assessed at 18-22
months corrected age among
children born extremely low birth
weight:

NEC surgical: OR 1.61 (1.05-2.5)

Moderate
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membranes NEC medical: OR 1.16 (0.74-
>24h, outborn 1.81)
status, estimated
gestational age,
gender, race,
birth weight, small
for gestational
age, surfactant
therapy,
intraventricular
haemmorrhage
grade 3 or 4 or
cystic
periventricular
leukomalacia,
sepsis, postnatal
steroid treatment,
bronchopulmonar
y dysplasia, and
highest level of
education
attained by the
primary caregiver

O’ Shea 2008 Prospective n=1017 IVH MDI < 70 assessed MDI < 70 assessed at age 24 Moderate
(USA) cohort study  children born Early PVL through the Bayley months corrected age:
at < 28 weeks Cystic PVL Scales of Infant IVH: OR 1.7 (1.2 -2.5)
GA Peri . Development-II (BSID-II)
eriventricular
hemorrhagic Early PVL: OR 1.3 (0.8 -2.1)
infarction Cystic PVL: OR 1.9 (0.98 -3.5)
IVH Periventricular hemorrhagic
Early PVL infarction: OR 2.2 (1.2 —4)
Cystic PVL
Periventricular
hemorrhagic
infarction
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-adjusted for: risk
factors were
adjusted for each

other in the
multivariate
analysis
Payne 2013 Prospective N= 1472 Low grade PIVH Cognitive impairment Cognitive impairment assessed at Moderate
(USA) cohort study  children born Severe PIVH defined as a score of 18-22 months corrected age:
at <27 weeks’  pton-tal steroids <70 on the Bayley Low grade PIVH versus no PIVH:
GA - Scales of Infant OR 0.94 (0.54-1.61)

Development 3rd edition .
Postnatal steroids (Bayleyp|||). (Soe;gfgg;\)/H no PIVH: OR1.37

-adjusted for:
Severe PIVH versus low grade

PIVH severity (3 .
levels), PIVH: OR 1.46 (0.74-2.88)

gestational age, Antenatal steroids: OR 0.64 (0.39-
sex, 1.13)

race/ethnicity, Sepsis: OR 2.28 (1.49--3.48)
maternal Postnatal steroids: OR 2.28 (1.41-
education, 3.69)

chorioamnionitis,
sepsis, antenatal
steroid exposure,
postnatal steroid
exposure, high
frequency
ventilation and
patent ductus

arteriosus
Shah 2012 Prospective N= 865 NEC Impaired mental MDI assessed at age 18 to 22 Moderate
(USA) cohort study  children born development definedas  months corrected age:
at 25.7-26.2 a MDI score <70 NEC >=IIA: OR 2.04 (0.96 -4.34)
GA assessed through Bayley

. NEC >=IIA: OR 2.64 (1.18 -5.91)
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Vohr 2005
(USA)

Prospective
cohort study

N= 3785
children born
at 22 to 32
weeks’ GA

PVL;
IVH grade IlI-1V:

Postnatal
steroids:

BPD:

Sepsis:
Antenatal
steroids:
-adjusted for:
gestational age
group; birth
weight; gender;
small for
gestational age;
multiple births;
surfactant; grades
3to4 IVH; PVL;
sepsis; oxygen
requirement at 36
weeks; white vs.
non-white race;
outborn vs. inborn
status ceasarean
section vs.
vaginal delivery;
maternal
education <12
years vs. >=12
years; private
health insurance
vs. public;
conventional
ventiolation vs.

MDI score <70
assessed through Bayley
Il
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NEC >=||A surgically managed:

MDI <70 (moderate to severe)
assessed at age 18 to 22 months
corrected age:

PVL: only reported significant
association was found

IVH grade IlI-IV: only reported
significant association was found
Postnatal steroids: OR 1.29 (1.04-
1.61)

BPD: only reported significant
association was found

Sepsis: NS

Antenatal steroids: NS

Moderate
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Adams-Chapman  Prospective N= 6161

2008 cohort study  children born

(USA) at between <
25wks and 2
33 weeks GA

none; adjusted
age at the time of
assessment;
centre; and the 4
interventions of
interest: antenatal
steroids (yes, no),
high-frequency
ventilation vs.
none; days to
regain birth
weight, and
postnatal steroids
(yes, no).

IVH Ill/shunt

IVH IV/shunt
-adjusted for:
study center,
gestational age,
birth weight,
gender, race,
caesarean
section delivery,
multiple birth,
antenatal steroid
exposure,
postnatal steroid
exposure,
surfactant use,
respiratory
distress
syndrome,
bronchopulmonar
y dysplacia
(BPD), patent
ductus arteriosus,

Cognitive impairment
assessed through Bayley
IIR: MDI < 70
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MDI assessed at 18 to 22 months
corrected age:

IVH lll/shunt versus IVH Ill/no
shunt: OR 1.19 (0.97-1.44)

IVH lll/shunt versus no IVH/no
shunt: OR 1.41 (1.18-1.68)

IVH IV/shunt versus IVH IV/no
shunt: OR 1.48 (1.24-1.78)

IVH IV/shunt versus no IVH no
shunt: OR 1.72 (1.47-2.02)

Moderate
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periventricular
leukomalacia
(PVL), infection
group, caregivers'

education.
Allred 2014 Prospective n=1085 ROP Cognitive impairment MDI <55 assessed at age 24 Moderate
(USA) cohortstudy  Children born  -adjusted for: assessed through Bayley months:
at <28wks’ GA gestational age, " MDI <55, or 56-69 ROP stage 3+: OR 1.9 (1.2-2.9)
birth weight z- ROP plus disease: OR 1.9 (1.1-
score categories, 3.2)
hyperoxemia (a ROP zone 1: OR 1.5 (0.8-2.9)
rF:iZﬁezsltan: " ROP threshold: OR 2.2 (0.8-6.2)
on 2 of the first 3 ROP pretreshold: OR 1.7 (1-2.7)
postnatal days), MDI 56-69
Score of Neonatal ROP stage 3+: OR 11.3 (0.8-2.1)
Acute Physiology- ROP plus disease: OR 2.1 (1.1-4)
Il (SNAP-II) in the ROP zone 1: OR 2.4 (1.24.7)
23&‘2{;‘;?2‘:}9’ ROP threshold: OR 3.6 (1.3-10)
Bl ROP pretreshold: OR 2.1 (1.2-
first 28 days, 3.8)
mechanical or
high frequency on
14 or more days,
and growth
velocity in the
lowest quertile
Carlo 2011 Prospective N= 4924 Antenatal Cognitive impairment: MDI < 70 assessed at age 18-22  Moderate
(USA) cohort study  children born steroids: MDI < 70 by Bayley lII; months corrected age:
at22to 25 -adjusted for: and Among children born at < 22-
weeks GA Gender and race  Bayley Il cognitive 25wks GA:

composite score <70
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Antenatal steroids: OR 0.93 (0.78
-1.12)



Developmental follow-up of children and young people born preterm
Risk and prevalence of developmental problems and disorders

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

193

Among children born at 22 weeks

Antenatal steroids: OR 2.16 (
0.36 -13.1)

Among children born at 23 weeks

GA:

Antenatal steroids: OR 1.27 (0.79-

2.03)

Among children born at 24 weeks

GA:

Antenatal steroids: OR 0.85 (0.62-

1.16)

Among children born at 25 weeks

GA:

Antenatal steroids: OR 0.91 (0.69-

1.2)

Baley Ill cognitive impairment <

70 assessed at age 18-22 months

corrected age:

Among children born at < 22-

25wks GA:

Antenatal steroids: OR 0.63 (0.34

-1.17)

Among children born at 22 weeks

GA:

Antenatal steroids: OR 1.28
(0.06-27.5)

Among children born at 23 weeks
GA:

Antenatal steroids: OR 0.31 (0.09
-0.998)

Among children born at 24 weeks
GA:
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Stoll 2004
(USA)

Prospective
cohort study

N= 6314 pre-
term children

Sepsis
-adjusted for:
study center,
gestational age,
birth weight, sex,
race/ethnicity,
rupture of
membranes >24
h, CS, multiple
birth, antenatal
antibiotics,
antenatal
steroids,
postnatal
steroids,
surfactant use,
respiratory
distress
syndrome,

bronchopulmonar

y dysplasia,
patent ductus
arteriosus,
intraventricular
haemorrhage
grade 3-4,
periventricular
leukomalacia,
maternal age at
time of delivery,

Mental developmental
index (MDI) <70,
assessed with Bayley
Scales of Infant
Development Il (BSID-II)
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Antenatal steroids: OR 0.57 (0.17
-1.91)

Among children born at 25 weeks
GA:

Antenatal steroids: OR 0.88 (0.34
-2.24)

MDI<70 assessed at age 18-22
months corrected age:

Sepsis alone: OR 1.3 (1.1-1.6)
Sepsis plus NEC: OR 1.6 (1.2-
2.2)

Meningitis with or without sepsis:
OR 1.6 (1.1-2.3)

Moderate
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Toome 2013 Prospective N= 187

(Estonia) cohort study  children born
at 22-31
weeks GA

caregiver's level
of education

Severe cerebral
lesions, including
IVH grade llI-1V
and/or PVL grade
-1V

-adjusted for:
antenatal
steroids, multiple
births, gestational
age, birthweight,
small for
gestational age,
male gender,
surfactant,
postnatal
steroids, IVH
grade 3-4 and/or
PVL grade 2-4,
BPD, ROP stage
3-5 with laser
therapy, positive
blood culture
sepsis, NEC
stage 2-3,
weight<10th
percentile at
discharge,
maternal age,
maternal higher
education, single
mother, paternal
age, paternal
higher education

Cognitive composite
score assessed through
the Bayley Scales of

Infant and Toddler

Development (-2SD

below the mean)
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Cognitive composite score < -2SD  Moderate
assessed at age 2 years:

Severe cerebral lesions, including

IVH grade IlI-1V and/or PVL grade

[I-1V: OR 9.8 (1.9-49.5)

NEC grade II-lll: OR 7.4 (1.5-

37.2)
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Natarajan 2012
(USA)

N= 963
children born
at 25.2-26.2
weeks GA

Prospective
study

Shankaran 2004
(USA)

N= 246
children born
at less or
equal to 24
weeks GA

Prospective
study

and low income
of the family

NEC

Brain
abnormalities
BPD

Antenatal steroids
Sepsis

-adjusted for:
small for
gestational age
status, surgical
NEC, severe IVH
or cystic PVL,
bloodstream
infection, and
antenatal steroids

ICH grade IlI-IV;
PVL;

Any antenatal
steroids

BPD

Adjusted for: risk
factors were
adjusted for each
other, plus
surfactant
administration,
steroids for BPD,
Medicaid, No high
school degree, 2-
parent household;

Cognitive impairment:
measured by Bayley

Scales of Infant
Development I,

cognitive score <70 was
defined as cognitive

impairment

MDI < 70 assessed
through BSID Il
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Cognitive impairment assessed at
18 to 22 months corrected age:

Surgical NEC: OR 3.35 (1.42 -
7.91)

IVH or PVL: OR 3.97 (2.4 -6.55)
BPD: OR 2.41 (1.4- 4.13)
Antenatal steroids: NS

Blood stream infection: NS

MDI assessed at age 18-22 Low
months corrected age:

ICH grade IlI-IV: OR 1.8 (0.9-3.6)
PVL: OR 3.4 (1 -10.8-

Any antenatal steroids: OR 0.9
(0.5-1.7)

BPD: NS

Moderate
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Kallen 2015 Prospective N=456 children Antenatal steroids Intellectual disability: Mental developmental delay Moderate
(Sweden) study born at less -adjusted for Mental developmental assessed at 2.5 yrs corrected
than 27 weeks  gestational age delay was definedasa  age:
GA and for birth cognitive or language Antenatal steroids: OR 0.7 (0.3-
weight standard Bayley Ill scale <2SD 1.9)
deviation score below the mean,
Vohr 2000 Prospective N= 1185 PVL; MDI < 70, Bayley I MDI < 70 assessed at age 18 to Moderate
(USA) cohort study children born IVH grade I11-IV: 22 months corrected age:
at 22 to 32 BPD: IVH/PVL grade IlI-IV: Significantly
weeks’ GA Sepsis: increased odds
Antenatal Postnatal steroids: Significantly
steroids: increased odds,

-adjusted for:

BPD: Significantly increased odds

gestational age Antenatal steroids NS
group; birth Early-onset sepsis NS
weight; gender; Late-onset sepsis NS
small for NEC:NS

gestational age;

multiple births;

surfactant; grades

3to4 IVH; PVL;

sepsis; oxygen
requirement at 36
weeks; white vs.
non-white race;
outborn vs. inborn
status caesarean
section vs.
vaginal delivery;
maternal
education <12
years vs. >=12
years; private
health insurance
vs. public;
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Hoffman 2015
(USA)

Laughon 2009
(USA)

Retrospective
study

Retrospective
study

N= 1934
children born
at < 27wks GA

n=children
born at <
28wks GA

conventional
ventilation vs.
none; adjusted
age at the time of
assessment;
centre; and the 4
interventions of
interest: antenatal
steroids (yes, no),
high-frequency
ventilation vs.
none; days to
regain birth
weight, and
postnatal steroids
(yes, no).
Antenatal steroids
-adjusted for: not
clearly reported,
only reported “
infant and
maternal
characteristics
that varied
significantly
between groups”
Sepsis

NEC

BPD

-adjusted for: it
was reported that
risk factors were
adjusted for each
other in a
temporal pattern

Cognitive impairment
BSID — lll cognitive
composite score <70

MDI < 55 assessed
through Bayley Scales of
Infant Development-2nd
Edition (BSID-II),
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BSID cognitive composite score <
70 assessed at age 18-22 months
corrected age:

Antenatal steroids: OR 0.94 (0.57-
1.52)

Outcomes assessed at age 24

months

MDI < 55:

Late bacteraemia: OR 1.8 (1.3 -

2.5)

NEC >=stage II: OR 2.1 (1.2 -
3.7)

BPD without mechanical

ventilation: OR 1.1 (0.8 -1.4)

Moderate

Moderate
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BPD with mechanical ventilation:
OR 1.2 (0.7 -2.3)

Mikkola 2005 Prospective N= 193 Antenatal steroids Cognitive impairment: Cognitive impairment assessed at Moderate
(Finland) cohortstudy  Childrenborn ~ NEC defined as 1Q score <70, age 5 years:
at27.3(x2.1) BPD assessed by the Antenatal steroids: OR 3.93 (1.3-
weeks’ GA -adjusted for: Wc_achsler Preschooland 12.2)
maternal Primary Scale of NEC perforated: OR 12.47 (2.4-
smoking, high Intelligence-revised 64)
. ’ WPPSI-R) .
social class, ( BPD: 5.62 (1.8-17.8)
preeclampsia,
absence of
antenatal
steroids, multiple
birth, gestational
age, birth weight,
gender, SGA,
vaginal delivery,
Apgar score <4 at
5 min, university
hospital area,
birth outside a
tertiary hospital,
IVH grade 3-4,
perforated NEC,
02 dependency
at 36 weeks,
ROP grades 3-4
Beaino 2011 Prospective n=2901 NEC Cognitive deficiency: Severe cognitive deficiency Moderate
(France) population All preterm BPD Kaufman Assessment assessed at age 5 years:
based cohort. infants 22-32  Cerebral lesions  Battery for Children (K-  NEC
(EPIPAGE)  weeks Postnatal steroids ABC): No: Reference
gestation. adjusted for: Severe whenthe MPC  yes: OR 0.84 (0.33-2.15)
Follow-up at 5 score was below 70 (- BPD
years of age. 2SD below the norm).

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Neonatal cerebral
lesions,
gestational age of
28 weeks or less,
gender, small for
gestational age,

No: Reference

Yes: OR 1.09 (0.62-1.90)
Grade | IVH

No: Reference

Yes: OR 1.39 (0.74-2.60)

Apgar score Grade Il IVH
below 7 at one No: Reference
minute, NEC,

BPD at 36 weeks,
acute anaemia,

Yes: OR 1.88 (0.95-3.72)

Grade Il IVH or echodensities or
ventricular dilatation

late-onset

anaemia, No: Reference

postnatal Yes: OR 2.51 (1.53-4.11)
corticosteroid, Cystic PVL or IPH
parental No: Reference

socioeconomic
status, number of

Yes: OR 6.37 (2.46-16.54)
Postnatal steroids: OR 1.14 (0.66-

siblings and
breast feeding. 127)
Foix-L'Helias Prospective N= 2855 Antenatal Cognitive ability was MPC < 70 assessed at age 5 Moderate
2008 cohort study  children born steroids: assessed using the years:
(France) at 24- 32 -adjusted for: mental processing Among children born at 24-32wks
weeks GA gestational age, composite (MPC) of the GA:

social class, sex ~ Kaufman Assessment Antenatal steroids (any): OR 0.82

and pregnanc Battery for Children. )
p|' gt' yA MPC scores of less than (0.54-1)

complications. : )
propensity score 70 indicate cognitive ér:)ng children born at 24-27wks

i impairment. )
ggﬁ:rt;d for P Antenatal steroids (any): OR 1.61
characteristics (0.55-1 -24.)
(maternal age, Among children born at 28-32wks
parity, tobacco GA:

Antenatal steroids (any): OR 0.76
(0.48-1.18)

consumption,
region and level
of neonatal
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Hansen 2004 Prospective
(Denmark) study
Andrews 2008 Prospective
(US) study

Speech and Language disorders

Payne 2013 Prospective
(USA) cohort study

N= 252
children born
at 24.1-34.3
weeks GA

N= 375
children born
at 23-31
weeks GA

N= 1472
children born

at < 27 weeks’

GA

intensive care),
maternal
complications and
pregnancy etc.

IVH grade llI-1V;
NCE

-adjusted for: risk
factors were
adjusted for each
other in the
multivariate
analysis, as well
as CRIB-score
(high), chronic
lung disease, and
mechanic
ventilation

PVL

-adjusted for:
gestational age
and ethnicity

Low grade PIVH
Severe PIVH
Antenatal steroids

Intellectual disability:
Intellectual development
was defined as 1Q score
below -2 standard
deviations from the
mean of a reference
group, and classified
children with intellectual
disabilities.

IQ < 70 assessed with
WISC-IV

Speech and Language
disorders defined as a
score of <70 on the
Bayley lll.
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Among children born at 24-32wks

Antenatal steroids (complete
course): OR 0.91 (0.58-1.42)

Among children born at 24-27wks
GA:

Antenatal steroids (complete
course):: OR 1.78 (0.59-5.38)
Among children born at 28-32wks
GA:

Antenatal steroids (complete
course):: OR 0.85 (0.52-1.38)
Intellectual disability 1Q < -2SD
assessed at age 5 years:

IVH grade 1lI-IV: OR 6.2 (2.3-
16.5)

NEC: OR 4.1 (0.8-20.8)

IQ <70 on WISC assessed at age
6 years:
PVL: 4.9 (0.9-26)

Speech and language disorders
(<70 on Bayley < 70) assessed at
18-22 months corrected age:

Moderate

Moderate

Moderate
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Toome 2013
(Estonia)

Prospective
cohort study

N= 187
children born
at 22-31
weeks GA

Sepsis

Postnatal steroids

-adjusted for:
PIVH severity (3
levels),
gestational age,
sex,
race/ethnicity,
maternal
education,
chorioamnionitis,
sepsis, antenatal
steroid exposure,
postnatal steroid
exposure, high
frequency
ventilation and
patent ductus
arteriosus

Severe cerebral
lesions, including
IVH grade IlI-1V
and/or PVL grade
-1V

-adjusted for:
antenatal
steroids, multiple
births, gestational
age, birthweight,
small for
gestational age,
male gender,
surfactant,
postnatal
steroids, IVH
grade 3-4 and/or

Language composite
score <

-28D, the Bayley Scales
of Infant and Toddler
Development
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Low grade PIVH versus no PIVH:
OR 1 (0.61-1.64)

Severe PIVH no PIVH: OR 3.43
(2.24-5.27)

Severe PIVH versus low grade
PIVH: OR 3.44 (1.96-5.98)
Antenatal steroids: OR 0.69 (0.42-
1.14)

Sepsis: OR 1.48 (1.03-2.11)
Postnatal steroids: OR 1.44 (0.92-
2.26)

Language composite score -2SD
(Bayley) assessed at age 2 years:
Severe cerebral lesions, including
IVH grade llI-1V and/or PVL grade
lI-1V: OR 19 (4.8-75.1)

Moderate
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PVL grade 2-4,
BPD, ROP stage
3-5 with laser
therapy, positive
blood culture
sepsis, NEC
stage 2-3,
weight<10th
percentile at
discharge,
maternal age,
maternal higher
education, single
mother, paternal
age, paternal
higher education
and low income

of the family
Hoffman 2015 Retrospective N= 1934 Antenatal steroids BSID - lll language BSID Il language composite Moderate
(USA) study children born -adjusted for: not  composite <70 score; score <70 assessed at age 18-22

at <27wks GA  clearly reported, months corrected age:

only reported “ Antenatal steroids: OR 0.66 (0.46-

infant and 0.96)

maternal

characteristics

that varied

significantly

between groups”
Autism spectrum disorder (ASD)

Kuzniewicz2014  Retrospective n=3807 Sepsis Autism spectrum Autism spectrum disorder Moderate
(USA) study children born ICH grade I-II disorder: Kaiser assessed at age 2 to 11 years:
at<34 weeks oy grade Il — IV Perr_nanentel(KP) Agtlsm Sepsis: OR 1.6 (0.8 -3.4)
G Cystic PVL Registry. This contains oy grade I-II: OR 1.9 (1.1 -3.4)
the location, provider, ]
NEC provider speciality and ICH grade IlI-1V: OR 3.4 (1.4 -8.6)
date of any ASD Cystic PVL: OR 1.7 (0.2 -12.4)
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Hwang 2013
(Taiwan)

Prospective
cohort study

Specific learning difficulties

Kiechl- Prospective
Kohlendorfer cohort study
2013

(Austria)

N= 1078
children born
at < 37wks GA

N=161 children
born at <
32wks GA

diagnosis recorded in the
KP outpatient databases

-adjusted for
gestational age,
sex, maternal
age, maternal
education

BPD

-adjusted for : it
was reported that
“potential
confounding
factors of the
relationship
between
significant risk
factors on autism
prevalence in
preterm children”

Infantile autism based on
ICD-9-CM coded by their
doctors

ICH all grades Specific learning

BPD difficulties: delay in

~adjusted for : numerical skills was

Smoking in assessed individually
with the TEDI-MATH

pregnancy which is a multi-

SGA componential dyscalculia

Sex test based on cognitive

Neonatal neuropsychological

Intracerebral models of number

haemorrhage processing and

BDP- bronco calculation

pulmonary

dysplasia (chronic

lung disease

[CLD] at 36

weeks)
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Infantile autism assessed at age 8 Low
to 11 years:

BPD: OR 1.5 (0.8-2.9)

Delayed numerical skills Moderate

assessed at age 5 years:
ICH, all grades: OR 4.66
(1.56 -13.93)

BPD: OR 4.35 (1.11 -17.01)
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Necrotizing
enterocolitis —
NEC (stage Il or
worse)

Sepsis
(Pneumothorax;
Late bacteremia)

ROP -

Retinopathy of
prematurity
Mental and behavioural disorders
Johnson 2010 Prospective N=307 children NEC Mental and be havioural Any psychiatric disorder assessed Moderate
(UK & Ireland) cohort study  born at < 26 -adjusted for: disorder: the at age 11 years:
weeks GA Development and Well NEC: OR 7.15 (1-51)

fetal heart rate
>100 beats per

Being Assessment
(DAWBA), and summary

minute at 5 d
minutes. need for sheets and clinical
oxygen :at 36 transcripts were then
weeks reviewed by two child
gestational age, ~ @nd adolescent

male gender, psychiatrists who

prolonged rupture
of membranes,
maternal age,
externalizing
behaviour
problems at 2.5
years,
internalizing
behaviour
problems at 2.5
years, pervasive
attentional
problems (at 6
years), serious

assigned DSM-IV and
ICD-10 consensus
diagnoses.
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Visual impairment

Adams-Chapman  Prospective
2008 cohort study
(USA)

N=6161
children born
at between <
25wks and 2
33 weeks GA

functional
disability (at 6
years)and
pervasive
conduct problems
(at 6 years).

IVH I1l/shunt

IVH IV/shunt
-adjusted for:
study centre,
gestational age,
birth weight,
gender, race,
caesarean
section delivery,
multiple birth,
antenatal steroid
exposure,
postnatal steroid
exposure,
surfactant use,
respiratory
distress
syndrome,
bronchopulmonar
y dysplacia
(BPD), patent
ductus arteriosus,
periventricular
leukomalacia
(PVL), infection
group, caregivers'
education.

Visual impairment,
defined as the need for
corrective lenses or
blindness in 1 or both
eyes.
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Blindness assessed at 18 to 22
months corrected age:

IVH lll/shunt versus IVH Ill/no
shunt: OR 1.26 (0.87-1.8/2)
IVH lll/shunt versus no IVH/no
shunt: OR 1.65 (1.18 — 2.31)
IVH IV/shunt versus IVH [V/no
shunt: OR 1.72 (1.19-2.46)
IVH IV/shunt versus no I[VH no
shunt: OR 2.39 (1.71 — 3.35)
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Carlo 2011 Prospective N= 4924 Antenatal Visual impairment::

(USA) cohort study children born steroids: blindness (blind with no
at 22 to 25 -adjusted for: useful vision in either
weeks GA gender andrace  ©Ye)

. deafness
(functional hearing
impairment with aids on

both ears)
Stoll 2004 Prospective N= 6314 pre- Sepsis Vision impairment,
(USA) cohort study  term children -adjusted for: defined as blindness in
study centre, one or both eyes or need
gestational age, for corrective lenses.

birth weight, sex,
race/ethnicity,
rupture of
membranes >24
h, CS, multiple
birth, antenatal
antibiotics,
antenatal

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Blindness assessed at age 18-22
months corrected age:

Among children born at < 22-
25wks GA:

Antenatal steroids: OR 0.61(0.36 -
1.03)

Among children born at 22 weeks
GA:

Antenatal steroids: Not reported
Among children born at 23 weeks
GA:

Antenatal steroids: OR 0.31 (0.1-
0.93)

Among children born at 24 weeks
GA:

Antenatal steroids: OR 1.17 (0.48-
2.83)

Among children born at 25 weeks
GA:

Antenatal steroids: OR 0.46 (0.19-
1.1)

Blindness assessed at age 18-22
months corrected age:

Sepsis alone: OR 1.7 (1.3-2.2)
Sepsis plus NEC: OR 2 (1.3-3)
Meningitis with or without sepsis:
OR 2.2 (1.4-3.6)

Moderate

Moderate
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Mikkola 2005
(Finland)

Prospective
cohort study

N= 193
Children born
at27.3 (£ 2.1)
weeks’ GA

steroids,
postnatal
steroids,
surfactant use,
respiratory
distress
syndrome,

bronchopulmonar

y dysplasia,
patent ductus
arteriosus,
intraventricular
haemorrhage
grade 3-4,
periventricular
leukomalacia,
maternal age at
time of delivery,
caregiver's level
of education

ROP

-adjusted for:
maternal
smoking, high
social class,
preeclampsia,
absence of
antenatal
steroids, multiple
birth, gestational
age, birth weight,
gender, SGA,
vaginal delivery,

Apgar score <4 at

5 min, university
hospital area,

Severe visual
impairment, classified as
bilateral or unilateral
amaurosis (loss of sight
without apparent lesion
of the eye), or amblyopia
("lazy eye",
uncorrectable decrease
in vision in one or both
eyes with no apparent
structural abnormality
seen to explain), or a
combination.
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Visual impairment assessed at
age 5 years:

ROP grade llI-1V: OR 10.6 (3.2 —
31.5)

Moderate
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Hearing impairment
Adams-Chapman  Prospective
2008 cohort study
(USA)

N=6161
children born
at between <
25wks and 2
33 weeks GA

birth outside a
tertiary hospital,
IVH grade 3-4,
perforated NEC,
02 dependency
at 36 weeks,
ROP grades 3-4

IVH I1l/shunt

IVH IV/shunt
-adjusted for:
study centre,
gestational age,
birth weight,
gender, race,
caesarean
section delivery,
multiple birth,
antenatal steroid
exposure,
postnatal steroid
exposure,
surfactant use,
respiratory
distress
syndrome,
bronchopulmonar
y dysplacia
(BPD), patent
ductus arteriosus,
periventricular
leukomalacia
(PVL), infection
group, caregivers'
education.

Hearing impairment,
defined by hearing aid
use in 1 or both ears.
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Deafness assessed at 18 to 22
months corrected age:

IVH lll/shunt versus IVH Ill/no
shunt: OR 0.33 (0.09-1.3)

IVH lll/shunt versus no IVH/no
shunt: OR 0.88 (0.23-3.35)
IVH IV/shunt versus IVH [V/no
shunt: OR 1.41 (0.56-3.59)
IVH IV/shunt versus no I[VH no
shunt: OR 2.13 (0.96-4.76)

Moderate
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Carlo 2011 Prospective N= 4924 Antenatal Deafness (functional Deafness assessed at age 18-22  Moderate
(USA) cohort study children born steroids: hearing impairment with  months corrected age:

at22to25 -adjusted for: aids on both ears) Among children born at < 22-
weeks GA gender and race 25wks GA:

Antenatal steroids: OR 0.76 (0.5-
1.16)

Among children born at 22 weeks
GA:

Antenatal steroids: Not reported
Among children born at 23 weeks
GA:

Antenatal steroids: OR 0.39 (0.17-
0.93)

Among children born at 24 weeks
GA:

Antenatal steroids: OR 0.93 (0.45-
1.9)

Among children born at 25 weeks
GA:

Antenatal steroids: OR 0.91 (0.46-

1.81)

Hearing impairment assessed at
age 18-22 months corrected age:
Sepsis alone: OR 1.8 (1-3.1)
Sepsis plus NEC: OR 3.4 (1.6-

Stoll 2004
(USA)

Prospective Moderate

cohort study

N= 6314 pre-
term children

Sepsis
-adjusted for:
study center,
gestational age,

Deafness: hearing
impairment, defined as
hearing aids in one or
both ears.

birth weight, sex,
race/ethnicity,
rupture of
membranes >24
h, CS, multiple
birth, antenatal
antibiotics,
antenatal
steroids,

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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7.3)

Meningitis with or without sepsis:
OR 0.8 (0.2-2.8)
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Composite outcomes

Hintz 2005 Retrospective
(USA) cohort study

N= 2948
extremely low
birth weight
infants, mean
GA not
reported;

postnatal
steroids,
surfactant use,
respiratory
distress
syndrome,
bronchopulmonar
y dysplasia,
patent ductus
arteriosus,
intraventricular
haemorrhage
grade 3-4,
periventricular
leukomalacia,
maternal age at
time of delivery,
caregiver's level
of education

NEC

-adjusted for:
network centre,
use of antenatal
glucocorticoids,
rupture of
membranes
>24h, outborn
status, estimated
gestational age,
gender, race,
birth weight, small
for gestational
age, surfactant
therapy,
intraventricular

Composite outcome:
(neurodevelopmental
impairment):

Composite outcome was
defined as one of the
following: motor, MDI <
70 or PDI <70,
blindness, deafness.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Neurodevelopmental impairment
assessed at 18-22 months
corrected age among children
born extremely low birth weight:
NEC surgical: OR 1.78 (1.17-
2.73)

NEC medical: OR 1.06 (0.69-
1.63)

Moderate
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haemmorrhage
grade 3 or 4 or
cystic
periventricular
leukomalacia,
sepsis, postnatal
steroid treatment,
bronchopulmonar
y dysplasia, and
highest level of
education
attained by the
primary caregiver

Merhar 2012 N= 166 Prospective IVH grade Il Composite outcome:
(USA) children born  cohort study IVH grade IV _neurc_>developmenta_l
at 26wk GA Postnatal steroids IMmpairment was def_lned
(mean) Sepsis as one of the following:
) motor, MDI < 70 or PDI <
Bilateral IVH 70, blindness, deafness
-adjusted for:
gender, race,
birth weight,
presence of
bronchopulmonar
y dysplasia,
postnatal
steroids, early or
late culture
positive sepsis,
necrotising
enterocolotis
requiring surgery
Payne 2013 Prospective N= 1472 Low grade PIVH A composite measure is
(USA) cohort study  children born Severe PIVH having any one of the
at <27 weeks’ A tenatal steroids  following: moderate-_
GA severe CP, severe visual

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Neurodevelopmental impairment Moderate
assessed at 18-22 months

corrected age:

IVH grade Il (vs IVH grade 1): OR

0.4 (0.06 -2.6)

IVH grade 11l (vs IVH grade 1): OR

1.6 (0.52 -4.9)

IVH grade IV (vs IVH grade I): OR
3.5(1.2-10.4

)
Postnatal steroids: OR 2.8 (1.2 -
6.3)

Sepsis: OR 2.4 (1-5.3)
Bilateral IVH (vs unilateral IVH):
OR 2.1 (0.93 -4.6)

Composite outcome Moderate

(Neurodevelopmental impairment)
assessed at 18-22 months

corrected age:
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Perrot 2003 Prospective N= 253

(Canada) study children born
at 22-30
weeks GA

Shah 2012 Prospective N= 865

(USA) cohort study children born
at 25.7-26.2
GA

Sepsis

Postnatal steroids

-adjusted for:
PIVH severity (3
levels),
gestational age,
sex,
race/ethnicity,
maternal
education,
chorioamnionitis,
sepsis, antenatal
steroid exposure,
postnatal steroid
exposure, high
frequency
ventilation and
patent ductus
arteriosus

PVL
-adjusted for:

Hypernatremia;
and surgery.

NEC

-adjusted for:
birth weight, race,
gender, multiple
births, antenatal
steroids,
surfactant,
bronchopulmonar
y dysplasia,

impairment, deafness, or
cognitive score <70 (-
2SD) on the Bayley Il

A composite measure is
having any one of the
following: moderate-
severe CP, severe visual
impairment, deafness, or
cognitive score MDI <70
(-2SD) on the Bayley lll.
"Any disability" defined
as a composite variable
including any one of the
following conditions:

MDI score <70

PDI score <70

Cerebral palsy (CP),
Hearing impairment, and

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Low-grade PIVH (vs no PIVH):
OR 0.82 (0.51 -1.31)

Severe PIVH (vs no PIVH): OR
1.68 (1.06 -2.65)

Severe PIVH (vs low-grade
PIVH): OR 2.04 (1.15 -3.64)
Antenatal steroids: OR 0.84 (0.51
-1.4)

Sepsis: OR 1.99 (1.4 -2.83)

Postnatal steroids: OR 1.62 (1.06
-2.48)

Composite outcome Low
(Neurodevelopmental impairment

) assessed at age 22-30 months:

Cystic PVL: OR 31.1 (8.8-110.3)

Composite outcome Moderate

(Neurodevelopmental impairment
) assessed at age 18 to 22
months corrected age:

NEC >=IlA: OR 2.59 (1.44 4.66)
NEC >=lIA surgically managed:
NS

NEC >=IIA medically managed:
NS
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Vohr 2005 Prospective N= 3785

(USA) cohort study children born
at 22 to 32
weeks’ GA

sepsis, and any Visual impairment;

intraventricular

hemorrhage

PVL; Neurodevelopmental
IVH grade lll-Iv: ~ impairment (NDI),

BPD: defined as the presence
Seps.iS' of any of the following:
Antena.tal moderate to severe CP;
steroids: hearing loss requiring

bilateral amplification;

bilateral blindness (not
defined);

MDI <70;
PDI <70;

-adjusted for:
gestational age
group; birth
weight; gender;
small for
gestational age;
multiple births;
surfactant; grades
3 to 4 IVH; PVL;
sepsis; oxygen
requirement at 36
weeks; white vs.
non-white race;
outborn vs. inborn
status caesarean
section vs.
vaginal delivery;
maternal
education <12
years vs. >=12
years; private
health insurance
vs. public;
conventional
ventilation vs.
none; adjusted

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Neurodevelopmental impairment Moderate

assessed at age 18-22 months
corrected age:
PVL: Significant, NR
IVH grade IlI-1V: Significant, NR
Postnatal steroids:
Significant, NR
BPD: Significant, NR
Sepsis: NS
Antenatal steroids: NS
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age at the time of
assessment;
centre; and the 4
interventions of
interest: antenatal
steroids (yes, no),
high-frequency
ventilation vs.
none; days to

regain birth

weight, and

postnatal steroids

(yes, no).
Adams-Chapman  Prospective N= 6161 IVH lll/shunt Neurodevelopmental Neurodevelopmental impairment Moderate
2008 cohort study  children born IVH IV/shunt impairment (NDI), a assessed at 18 to 22 months
(USA) at between < _adjusted for: composite outcome corrected age:

25wks and 2 study center, defined as 1 or more of IVH 11l w/ shunt (vs IVH 11l no
33 weeks GA gestational age, the following: MDI <70, shunt): OR 1.29 (1.11 -1.48)

birth weight, PDI <70, CP, blind in IVH 11l w/ shunt (vs no IVH no

gender, race, both eyes, or hearing shunt): OR 1.57 (1.38-1.78)

caesarean Eleis T (oif G IVH IV w/ shunt (vs IVH IV no

section delivery, shunt): OR 1.44 (1.27 -1.64)

multiple birth, IVH IV w/ shunt (vs no IVH no

:;:)igitfe' steroid shunt): OR 1.81 (1.62 -2.03)

postnatal steroid

exposure,

surfactant use,

respiratory

distress

syndrome,

bronchopulmonar

y dysplacia

(BPD), patent
ductus arteriosus,
periventricular

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Carlo 2011 Prospective N= 4924

(USA) cohort study children born
at 22 to 25
weeks GA

Goldstein 2013 Multicentre n=5456

(USA) retrospective  Preterm

cohortstudy infants born at

23-28 weeks.
Follow-up at

18-22 months

leukomalacia
(PVL), infection
group, caregivers'
education.
Antenatal
steroids:
-adjusted for:
Gender and race

NEC

-adjusted for:
Gestational age,
Apgar score at 5
minutes,
antenatal
steroids, early

Neurodevelopmental
impairment at 18-22
months defined as 1 or
more of the following:

a Bayley Il Mental
Developmental index
(MDI) <70; a Bayley Il
Psychomotor
Development index (PDI)
<70;moderate-severe
cerebral palsy (CP);
deafness

Neurodevelopmental
impairment (NDI) was
defined as at least one
of: moderate/severe
cerebral palsy with
Gross Motor Function
score 3-5, Mental

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

216

Neurodevelopmental impairment Moderate
assessed at age 18-22 months
corrected age:

Among children born at < 22-
25wks GA:

Antenatal steroids: OR 0.83 (0.7 -
0.99)

Among children born at 22 weeks
GA:

Antenatal steroids: OR 1.14 (0.39
-3.28)

Among children born at 23 weeks
GA:

Antenatal steroids: OR 1.11 (0.72
-1.71)

Among children born at 24 weeks
GA:

Antenatal steroids: OR 0.8 (0.6 -
1.08)

Among children born at 25 weeks
GA:

Antenatal steroids: OR 0.81 (0.62
-1.04)

neurodevelopmental impairment
assessed at 18-22 months
corrected age:

NEC: OR 6.89 (1.44-32.88)

Moderate
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Leversen 2010
(Norway)

Prospective
population
based cohort.

n=376 preterm
infants
(22-27+6
weeks or
birthweight
500-999q)

infection,
postnatal
steroids, NEC,
late onset
infection, cystic
PVL,

ventriculoperitone
al shunt insertion,

maternal
education,
Medicaid status
and BPD at 36
weeks.

Sepsis

BPD

NEC

IVH

PVL

ROP
-adjusted for:

Gestational age,
gender, multiple
pregnancy,
chorioamnionitis,
preeclampsia,
antenatal
steroids, PROM,
Caesarean
section, SGA,
illness severity

score (a score of

the lowest and
highest FiO2

requirements and

the largest base

Development Index or
Psychomotor
Development Index < 70
on the BSID-Il at 18-22
months corrected age,
blindness (no functional
vision in both eyes) or

deafness
Neurosensory Neurosensory disability (CP/
disabilities". This blindness/ deafness) assessed at
includes cerebral palsy, age 2 years:
blindness (classified as  Antenatal steroids: OR 0.5 (0.2 -
legally blind) or complete 1 6)
deafness. Sepsis: OR0.7 (0.2  -2.3)
BPD: OR 0.9 (0.3 -2.9)
NEC: OR 2 (0.3-11.9)

Minor pathology in cranial
ultrasound (periventricular
haemorrhage grade I-Il,
eventually 1-2 small PVL): OR 2.5
(0.7 9.7)

Maijor pathology in cranial
ultrasound (periventricular
haemorrhage grade IlI-IV and/or
multicystic PVL): OR 110.2 (234 -
518.5)

ROP grade I-1l: OR 3.5 (1.1 -11.6)
ROP >11°: OR 5.8: (1 -32.5)
Postnatal steroids <21 days: OR
0.9 (0.2-3.7)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

217

Moderate
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Toome 2013
(Estonia)

Prospective
cohort study

N= 187
children born
at 22-31
weeks GA

deficit during the
first 12 hours of
life), septicaemia,
BPD, patent
ductus arteriosus,
NEC, postnatal
steroids, cranial
ultrasound
findings and
ROP.

Severe cerebral
lesions, including
IVH grade llI-1V
and/or PVL grade
-1V

-adjusted for:
antenatal
steroids, multiple
births, gestational
age, birthweight,
small for
gestational age,
male gender,
surfactant,
postnatal
steroids, IVH
grade 3-4 and/or
PVL grade 2-4,
BPD, ROP stage
3-5 with laser
therapy, positive
blood culture
sepsis, NEC
stage 2-3,
weight<10th
percentile at

neurodevelopmental
impairment includes any
one (or more) of the
following criteria: CP with
GMFCS level 2,3,4 or 5;
cognitive and/or
language composite
scores of <=-2SD below
the norm; hearing loss
corrected with hearing
aids or deafness; vision
moderately reduced or
blindness.
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Postnatal steroids >=21 days: OR
5 (0.9 -27.8)

Neurodevelopmental impairment
assessed at age 2 years:

Severe cerebral lesions, including
IVH grade 1lI-IV and/or PVL grade
[I-IV: OR 33.4 (8.6-129.9)

Moderate
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Stoll 2004
(USA)

Prospective
cohort study

N= 6314 pre-
term children

discharge,
maternal age,
maternal higher
education, single
mother, paternal
age, paternal
higher education
and low income
of the family
Sepsis
-adjusted for:
study center,
gestational age,
birth weight, sex,
race/ethnicity,
rupture of
membranes >24
h, CS, multiple
birth, antenatal
antibiotics,
antenatal
steroids,
postnatal
steroids,
surfactant use,
respiratory
distress
syndrome,

bronchopulmonar

y dysplasia,
patent ductus
arteriosus,
intraventricular
haemorrhage
grade 3-4,
periventricular

Neurodevelopmental
impairment (NDI, a
composite outcome,
defined as one or more
of the following: MDI
<70, PDI <70, CP,
bilateral blindness or
bilateral hearing
impairment.
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Neurodevelopmental impairment
assessed at age 18-22 months
corrected age:

Sepsis alone: OR 1.5 (1.2-1.7)
Sepsis plus NEC: OR 1.8 (1.4-
2.5)

Meningitis with or without sepsis:

OR 1.6 (1.12.3)

Moderate
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Shankaran 2004 Prospective N= 246
(USA) study children born
at less or
equal to 24
weeks GA
Walsh 2005 Prospective N= 3041
(UK) cohort study children born

at 25.8 (mean)
weeks GA

leukomalacia,
maternal age at
time of delivery,
caregiver's level
of education

ICH grade IlI-IV;
PVL;

Any antenatal
steroids

BPD

-Adjusted for: risk
factors were
adjusted for each
other, plus
surfactant
administration,
steriods for BPD,
Medicaid, No high
school degree, 2-
parent household;

PVL

IVH grade llI-1V
Postnatal steroids
Antenatal steroids
NEC

-adjusted for:

Risk factors were
adjusted for each
other in the
multiple
regression model

Composite outcome:
Neurodevelopmental
impairment: 1 or more of
the following: motor,
cognitive, visual,
hearing)

Composite outcome:
(Neurodevelopmental
impairment) the Bayley
Scales of Infant
Development - I,
including the mental
scale, psychomotor
scale, and the behaviour
rating scale, were
administered by

developmental specialist.

1 or more of the

following were assessed:

(motor, cognitive, visual,
hearing)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Neurodevelopmental impairment
assessed at age 18-22 months
corrected age:

ICH grade Ill-IV: OR 2.5 (1.2 -5.2)
PVL: OR 2.4 (0.6 - 9.5)

Any antenatal steroids: OR 1.4
(0.7 -2.6)

BPD: OR 1.7 (0.9 -3.3)

Neurodevelopmental impairment
assessed at age 18-22 months
corrected age:

PVL: OR 3.72 (2.52-5.5)

IVH grade 11I-1V: OR 1.3 (1.06 -
1.69)

Postnatal steroids: OR 1.13 (0.91
-1.4)

Antenatal steroids: OR 0.81 (0.65
-1)

NEC: NS

Low

Moderate
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Bolisetty 2014
(Australia)

Kallen 2015
(Sweden)

Wong 2014
(Australia)

Retrospective
cohort study

Prospective
study

Retrospective
study

N=1472
children born
at 23-28
weeks GA

N=456 children
born at less
than 27 weeks
GA

N=1473

IVH grade [-II
IVH grade llI-1V

Proven systemic
infection

NEC
ROP grade llI-IV

-adjusted for:
IVH, gestation
(23-25 weeks
versus 26-28
weeks), SGA,
male gender,
outborn, PVL,
chronic lung
disease,
pregnancy
induced
hypertension,
proven systemic
infection, NEC
and ROP grade
3-4

Antenatal steroids
-adjusted for
gestational age
and for birth
weight standard
deviation score

Antenatal steroids
-adjusted for:

Significant and
clinically
important
baseline

Neurosensory
impairment: moderate or
severe neurosensory
impairment was defined
as the presence of
developmental delay
(Griffiths Mental
Developmental Scale
General Quotient or
Bayley Scales of Infant
Development MDI
between 2 and 3 SD
below the mean),
cerebral palsy (able to
walk with the assistance
of aids), deafness or
bilateral blindness

Neurosensory
impairment: Bayley Il
scale (1 or more of the
following impairments:
motor, vision, hearing)

Moderate/severe
functional disability
(Neurodevelopmental
impairment), defined as
one or more of the
following:
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Neurosensory impairment
assessed at age 2-3 corrected
years:

IVH grade I-Il: OR 1.61 (1.14 -
2.28)

IVH grade 1lI-1V: OR 3.81 (2.3-
6.3)

Proven systemic infection: OR 1.2
(.88-1.65)

NEC: OR 1.09 (0.65-1.82)

ROP grade IlI-1V: OR 2.13 (1.44 -
3.14)

Neurosensory impairment
assessed at 2.5 yrs corrected
age:

Antenatal steroids: OR 1.1 (0.3-
4.8)

Functional disability (
Neurodevelopmental impairment)
assessed at age 2-3 years:
Antenatal steroids: 1.056 (0.785-
1.42)

Moderate

Moderate

Moderate
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Victorian Infant
Collaborative
Study Group
2000

(Australia)

Herbat — Jonat
2014

(Germany)

Prospective
cohort study

Prospective
cohort study

N= 280
children born
at < 28wks’ GA

n=79 children
born at 22-24
weeks GA

population
characteristics:
maternal age,
pregnancy-
induced
hypertension,
gestational age,
birth weight,
gender, outborn
status and
assisted
conception.

Postnatal steroids
-adjusted for:
ruptured
membranes
>24h, cystic PVL,
and surgery
during the
primary
hospitalization

Intracerebral
haemorrhage >II°

ROP >11°
NEC >1IB

developmental delay
(<2SD below the mean
for adjusted age
determined by the
GMDS or BSID-l);

cerebral palsy (unable to
walk without aids);
bilateral blindness (visual
acuity <6/60 in better
eye),

bilateral deafness
(requiring bilateral
hearing aids or cochreal
implants

Severe sensorineural
impairment, composite
outcome, defined as
having 1 or more of the
following: bilateral
blindness. CP with the
child unlikely ever to
walk, 1Q score <-3SD, 1Q
score assessed by
Wechsler Preschool and
Primary Scale of
Intelligence - Revised
(WPPSI-R) or other
psychological test when
WPPSI-R was
unavailable (not
specified).

Composite
neurodevelopmental
impairment including
components of motor,
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sensorineural impairment
assessed at age 5 years:

Postnatal steroids: OR 3.2 (1.6-

6.4)

Composite outcome

(Neurodevelopmental impairment

assessed at age 7-10 yrs:

Moderate

Low
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Chronic lung vision, cognitive, hearing  Intracerebral haemorrhage >II°:
disease/BPD assessed by Not reported
-adjusted for: all ROP >[I°: OR 3.18 (1.09 -
variables above 9.31)

NEC >IIB: NS

Chronic lung disease/BPD: NS

1 Table 18: Summary of studies on the associating between social, environmental and maternal factors and developmental disorders

Cerebral palsy

Beaino 2011 Population based n=1812 Children were Obstetric and At 5 years of age Moderate
prospective preterm babies classified as having neonatal factors  Cerebral palsy
cohort study born at 24-32 CP if they had (not specified

(EPIPAGE) weeks involuntary further). From “N":_"l'?':feg:fe"a"cy
movements the text itis )
(dyskinetic CP), loss ~ assumed that Yes: OR 0.67 (0.43-1.03)
of coordination (ataxic they are: cystic =~ Maternal age
CP), or at least two of  PVL, Not significant on univariate
the following: intraparenchym  analysis
abnormal posture or al haemorrhage,
movement, increased  gestational age,
tone or hyperreflexia gender, SGA,
(spastic CP). multiple
pregnancy,
PPROM or
preterm labour,
maternal
hypertension,
RDS, NEC,
maternal-foetal
infection, BPD
at 36 weeks,
acute anaemia

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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and postnatal

corticosteroid
use.
Hirvonen 2014 Ssggor?ziﬁl)\l/e :qnfggt(;?s preterm Al itz S o sty gzr:; ::Ie a?e of 7 years Low
. " palsy

using national outpatient visits due (1 991-1995, Within ve T

registry data to a CP diagnosis in  1996-2001 or <32 weekggestation ’
public hospitals 2002-2008), Maternal age
were registered. maternal age, < 40 vears: Reference
The diagnosis of CP maternal . y )
in Finland is based ~ smoking 1 gg s R Iees
on medical history, status, 32)
ultrasound and MRI  primiparous, .
data, and previous C- Multiple pregnancy
multidisciplinary section, Singleton: Reference
evaluations in the maternal Twins: OR 0.94 (0.70-1.26)
paediatric neurology diabetes, Higher order multiples: OR
units of 20 multiple 1.24 (0.63-2.45)
secondary level pregnancy, Within moderately preterm
central hospitals order of infants, 32+0 to 33+6 weeks
and 5 tertiary level  foetuses, gestation
university hospitals.  assisted Maternal age
The diagnosis is reproductive < 40 years: Reference
included in the technology, 2 40 years: OR 0.85 (0.33-
database as soon  cervical 2.17)
as it has been cerclage,
established. A case chorionic villus  Multiple pregnancy
of CP was recorded sampling, Singleton: Reference
if the individual was  PROM, Twins: OR 0.83 (0.48-1.44)
detected in the preeclampsia,  Higher order multiples: OR
Hospital Discharge  time of birth, 0.88 (0.28-2.81)
Register and/or in antenatal Within late preterm infants,
the Reimbursement steroid use, 34+0 to 36+6 weeks
Register of the place of birth,  gestation

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Marret 2007

Population based n=1461 preterm

Social Insurance mode of Maternal age

Institution. delivery, < 40 years: Reference
gender, > 40 years: OR 1.40 (0.70-
gestational 2.78)
weight, birth
weight Multiple pregnancy

<1500g, Apgar
score,

umbilical artery
pH, admission
to neonatal
unit, ventilator,
resuscitation at
birth,
phototherapy,
antibiotic
therapy, RDS,
sepsis,
intracranial
haemorrhage,
convulsions
and
hyperbilirubina
emia.

Gestational

Singleton: Reference
Twins: OR 0.77 (0.47-1.27)

Higher order multiples: OR
0.51 (0.07-3.92)

At 5 years of age Moderate

prospective infants (30-34+° Cerebral palsy was Cerebral palsy
cohort study weeks) defined as at least age, multiple Multiple pregnanc
(EPIPAGE) two of: abnormal pregnancy, No: Referenc?e y
posture or intrauterine '
e growth Yes: OR 1.6 (0.7-3.8)
increased tone and  restriction
hyperreflexia. When (IUGR),
the diagnosis of maternal

cerebral palsy was

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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hypertension,
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in doubt, a panelof haemorrhage,
trained preterm
paediatricians met labour,
to discuss the case. preterm

prolonged

rupture of the

membranes

(PROM),

antenatal

corticosteroid

exposure,

gender and

socioeconomic

status.

Miyazaki 2016 Retrospective n=2201 preterm At 3 years of age Low
g cohorth)tudy infants b?)rn at CP was definedas  Maternal age, (chrgnologicalgage)
using national <34 weeks of a non-progressive parity, Cerebral palsy
registry data central nervous maternal Histological

system disorder diabetes, N 1
characterised by premature No: Reference
abnormal muscle rupture of Yes: OR 0.91 (0.75-1.30)
tone in at least one membranes,

extremity and
abnormal control of
movement and
posture.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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preeclampsia,
non-reassuring
fetal status,
mode of birth,
administration
of antenatal
steroids,
gestational
age at birth,
birth weight,
SGA and sex.
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Pappas 2014 Multicentre n=2235 preterm
retrospective infants born at
cohort study <27 weeks’

gestation

Shankaran 2004  Multicentre n=246 preterm
prospective infants <24
cohort study weeks’ gestation

and <750g

Cerebral palsy was
defined as a non-
progressive central
nervous system
disorder with
abnormal muscle
tone in at least one
extremity and
abnormal control of
movement and
posture that
interfered with age-
appropriate
activities.

Cerebral palsy was
defined as a non-
progressive central
nervous system
disorder
characterized by
abnormal muscle
tone in at least 1
extremity and
abnormal control of
movement and
posture.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Adjusted by
reduced
models that
contained
covariates for
centre, sex,
antenatal
steroids, SGA
and
hypertension.

ICH grade 3-4,
PVL, any
antenatal
steroids, male
gender,
ethnicity,
household
income < 20K,
BPD,
surfactant
administration,
steriods for
BPD,
Medicaid, no
high school
degree and 2-
parent
household.

At 18-22 months' corrected
age
Cerebral palsy

Histological
chorioamnionitis

No: Reference
Yes: OR 0.80 (0.42-1.53)

Histological
chorioamnionitis plus
clinical chorioamnionitis

No: Reference
Yes: OR 1.39 (0.67-2.87)

At 18-22 months' corrected
age;

Cerebral palsy

Household income < 20K:
OR 1 (0.4-2.4)

High

Low
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Tommiska 2003

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

Population based

n=208 preterm

Cerebral palsy was

Multiparity, pre-

At 18 months’ corrected

prospective infants <1000g defined as a non- eclampsia, age
cohort study progressive motor premature Cerebral palsy
impairment with rupture of Multiple birth
spastic or dystonic membranes, Not a sianificant ind dent
muscle tone, brisk maternal Ot a signiticant Indepenaen
tendon reflexes, infection, predlct_o ron multivariate
positive Babinski's antenatal steroid analysis
sign and persistent treatment, Maternal age
primitive reflexes. hyperstimulation Not a significant independent
or in vitro predictor on multivariate
fertilisation, analysis
maternal age Socioeconomic status
below 20 or Not a significant independent
above 40,

228

smoking, marital
status, social
class 14, birth
in secondary
level hospital,
catchment area
for the different
hospitals,
vaginal delivery,
birth weight
(100g groups),
intrauterine
growth
restriction,
gestational age,
male gender,
multiple birth,
anomalies,
respiratory
distress
syndrome,
septicaemia,

predictor on multivariate
analysis

High
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necrotising
enterocolitis with
perforation and

intraventricular
haemorrhage
grades 2-4.
Toome 2013 Population based n=187 preterm Cerebral palsy was Antenatal At 2 years’ corrected age High
prospective infants <32 . define_d agcording to stergids, _ Cerebral palsy
cohort study weeks gestation  the gu_ldellnes of the muItlpI_e births, Maternal age
Surveillance of gestational age, o .
Cerebral Palsy in birthweight, Not a significant independent
Europe collaborative small for predlct_o O YR
group, and the Gross  gestational age, ~ 2"alsis )
Motor Function male gender, Low income of the family
Classification System  surfactant, Not a significant independent
(GMFCS) was used to  postnatal predictor on multivariate
quantify motor steroids, IVH analysis

function in infants with
CP.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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grade 3-4 and/or
PVL grade 2-4,

Multiple births
Not a significant independent

BPD, ROP predictor on multivariate
stage 3-5 with analysis
laser therapy,

positive blood
culture sepsis,
NEC stage 2-3,
weight<10th
percentile at
discharge,
maternal age,
maternal higher
education,
single mother,
paternal age,
paternal higher
education and
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low income of

the family).
Wood 2005 Population based n=283 preterm Cerebral palsy was OR are statedto At 30 months correct age Moderate
prospective babies <26 classified be adjusted. Cerebral palsy
cohort study weeks retrospectively, being  Factors adjusted ¢ orioamnionitis
(EPICure) defined as a non- for are not No: Reference
progressive disorder stated in the :
posture. (according to analysis of
variables known at birth)
Intellectual disability
Beaino 2010 Population based n=1503 Mental Processing Medical factors At age 5 years Moderate
prospective preterm babies Composite (MPC) of  (neonatal Mild cognitive deficiency
cohort study born at 24-32 the Kaufmann cerebral lesions, High socioeconomic status:
(EPIPAGE) weeks Assessment Battery gestational age

National Instiutue for Health and Care Excellence [2017]. All rights reserved.

for Children (K-ABC)
was used to assess
intellectual disability.
Scores of between 1
and 2 SD below the
mean were identified

as “mild cognitive
deficiency”.

Scores of <2SD below

the mean were

identified as “severe
cognitive deficiency”
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of 28 weeks or
less, gender,
small for
gestational age,
Apgar score
below 7 at one
minute, NEC,
BPD at 36
weeks, acute
anaemia, late-
onset anaemia
and postnatal

Reference

High-intermediate
socioeconomic status:

OR 1.42 (0.88-2.28)

Low-intermediate
socioeconomic status:

OR 2.19 (1.26-3.82)
Low socioeconomic status:
OR 3.43 (2.01-5.83)
Severe cognitive deficiency
High socioeconomic status:

corticosteroid), Reference
social factors High-intermediate
(parental socioeconomic status:

socioeconomic
status, number
of siblings) and
breast feeding.

OR 1.23 (0.65-2.32)

Low-intermediate
socioeconomic status:

OR 2.89 (1.42-5.88)
Low socioeconomic status:
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OR 2.60 (1.29-5.24)

Hoffman 2015 Retrospective Sample recruited  The primary study Adjustment for At 18-22 months Moderate
cohort study -n=3790 infants =~ outcomes were BSID- infant and Intellectual disability

born at <27 [l composite cognitive maternal (Cognitive Composite <70

weeks (456 born  and language scores.  characteristics and <85; Language

to adolescent that varied Composite <70 and <85; and

mothers + 3364 significantly Motor Composite <70)

born to adult between groups  Adolescent mother<20 y

mothers) old
Cognitive Composite <70 -
(RR [95% Cls]) Referent
group is not reported 1.42
(0.88-2.29)
Motor Composite <70 - (RR
[95% Cls]) Referent group is
not reported1.01 (0.67-1.52)

Kallén 2015 Population based n=456 preterm Mental developmental Gestational age At 2.5 years corrected age = Moderate
prospective infants <27 delay was defined as Mental developmental delay
cohort study weeks a cognitive or : PR
(EXPRESS) language Bayley il g';‘:,?:::;ftﬂ:ff:gﬂf’rgg;

scale <2SD below the o
mean, or moderate or No: Ref
severe developmental 0: relerence
delay according to Yes: OR 0.9 (0.5-1.7)
chart review.
Multiple birth
No: Reference
Yes: OR 1.5 (0.8-2.7)

Marret 2007 Population based n=1461 preterm The Kaufman Gestational age, At 5 years of age Moderate
prospective infants (30-34+6 Assessment Battery multiple Moderate/severe cognitive
cohort study weeks) for Children (K-ABC) pregnancy, impairment
(EPIPAGE) was used to identify intrauterine Multiple pregnancy

cognitive ability, growth )
recorded as a mental  restriction No: Reference
processing composite  (IUGR), Yes: OR 1.0 (0.6-1.7)

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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score (MPC). Scores ~ maternal Socioeconomic status of
on the MPC of <2SD hypertension, the family
below the mean were  haemorrhage, Professional: Reference
defined as preterm labour, | o diate: OR 1.9 (0.7-
moderate/severe preterm 5.4)
cognitive impairment. E)l:olonged Office worker or self-
pture of the
T RS employed: OR 2.8 (1.0-7.6)
(PROM), Service worker or shop
antenatal assistant: OR 4.5 (1 .6-1 23)
corticosteroid Manual worker or
exposure, unemployed: OR 6.0 (2.3-
gender and 15.6)
socioeconomic
status.
Miyazaki 2016 Retrospective n=2201 preterm Cognitive function Maternal age, At 3 years of age Low
cohort study infants born at was assessed using parity, maternal  (chronological age)
using national <34 weeks of the Kyoto Scale of diabetes, DQ <70
registry data gestation Psychological premature : :
Development (KSPD)  rupture of Eﬁs;:::;gr:\cr?ilonitis
test by psychologists.  membranes, No: Reference
When development preeclampsia, :
quotient (DQ) was non-reassuring  Y©s: OR1.27 (0.90-1.79)
<70, the child was fetal status,
considered to have mode of birth,
cognitive delay, administration of
according to the antenatal
protocol of the Society steroids,
for Follow-up Study of gestational age
High-risk Infants. at birth, birth
weight, SGA
and sex.
Pappas 2014 Multicentre n=2235 preterm Infants underwent a Adjusted by At 18-22 months' corrected High
retrospective infants born at comprehensive follow- reduced models age
cohort study <27 weeks’ up assessment at 18-  that contained MDI <70
gestation 22 months corrected covariates for

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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age. Psychometric centre, sex, Histological

testing was performed antenatal chorioamnionitis

using the Bayley steroids, SGA No: Reference

Scales of Infant and and Yes: OR 1.07 (0.62-1.85)

Toddler Development, hypertension.

Third Edition (Bayley hori ionitis ol
). A score of less chorioamnionitis plus

than 70 represents clinical chorioamnionitis

<2SD below the No: Reference

mean. Children who Yes: OR 2.00 (1.10-3.64)
were so severely

developmentally

delayed that they

could not be assessed

were assigned scores

(54 for severe

cognitive delay and 46

for severe language

Histological

delay).
Shankaran 2004  Multicentre n=246 preterm The Bayley Scales of  ICH grade 3-4, Assessment at 18-22 Low
prospective infants <24 Infant Development PVL, any months' corrected age;
cohort study weeks’ gestation  (BSID-Il), including antenatal Cognitive impairment (MDI <
and <750g the Mental steroids, male 70)

Developmental Index  gender, Household income < 20K:
(MDI) was ethnicity, OR1.2 (0.5-2.5)
administered. household s et

income < 20K,
BPD, surfactant
administration,
steroids for
BPD, Medicaid,
no high school
degree and 2-
parent
household.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Singer 2001 Population based N=82 very low The Bayley Scales of At 3 years
prospective birth weight Infant Development Intellectual disability (MDI
cohort study infants (41 that is described as <70)
mothers cocaine-  widely used When baseline differences
positive + 41 assessment toll of were controlled. the effects of
mothers cocaine- infant development. cocaine on inteilectual
negative) The Mental disability remained significant

Development Index
(MDI) is a standard
score reflecting
memory, learning and
problem-solving

abilities.
Toome 2013 Population based n=187 preterm The Bayley Scales of  Antenatal At 2 years’ corrected age High
prospective infants <32 Infant and Toddler steroids, Cognitive composite score
cohort study weeks gestation Development were multiple births, <70
used to generate gestational age, Maternal age
composite scores for  birthweight, N ianifi .
cognitive, language srralll T ot a significant independent

and motor skills, with  gestational age, predictoron multivariate

a mean (SD) score of male gender, analy.3|s .
100 (+15). Results are  surfactant, Low income of the family
presented according postnatal Not a significant independent
to the number of steroids, IVH predictor on multivariate
participants with grade 3-4 and/or analysis

scores <2SD below PVL grade 2-4, Multiple births

the mean for cognitive BPD, ROP . Not a significant independent
and language stage 3-5 with predictor on multivariate
composite scores. laser therapy, analysis

positive blood
culture sepsis,
NEC stage 2-3,
weight<10th
percentile at
discharge,
maternal age,

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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maternal higher
education,
single mother,
paternal age,
paternal higher
education and
low income of

the family).
Speech and/or language disorder
Hoffman 2015 Retrospective Sample recruited  The primary study Adjustment for At 18-22 ,months Moderate
cohort study -n=3790 infants = outcomes were BSID- infant and Intellectual disability
born at <27 [Il composite cognitive maternal (Cognitive Composite <70
weeks (456 born  and language scores.  characteristics and <85; Language
to adolescent that varied Composite <70 and <85; and
mothers + 3364 significantly Motor Composite <70)
born to adult between groups  Adolescent mother <20
mothers) years old
Language Composite <70 -
(RR [95% Cls]) Referent
group is not reported0.97
(0.64-1.47)
Toome 2013 Population based n=187 preterm The Bayley Scales of  Antenatal At 2 years’ corrected age High
prospective infants <32 Infant and Toddler steroids, Language composite score
cohort study weeks gestation  Development were multiple births, <70
used to generate gestational age,  paternal age
composite scores for  birthweight, Not a sianificant ind dent
cognitive, language small for ot a significant Indepenaen

and motor skills, with  gestational age, preclisier @ MuITETELE

a mean (SD) score of male gender, anaIyIS|s .
100 (¢15). Results are  surfactant, Low income of the family
presented according postnatal Not a significant independent
to the number of steroids, IVH predictor on multivariate
participants with grade 3-4 and/or analysis

scores <2SD below PVL grade 2-4,  Multiple births

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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the mean for cognitive BPD, ROP Not a significant independent
and language stage 3-5 with predictor on multivariate
composite scores. laser therapy, analysis

positive blood
culture sepsis,
NEC stage 2-3,
weight<10th
percentile at
discharge,
maternal age,
maternal higher
education,
single mother,
paternal age,
paternal higher
education and
low income of

the family).
Hearing impairment
Miyazaki 2016 Retrospective n=2201 preterm Severe hearing Maternal age, At 3 years of age Low
cohort study infants born at impairment including parity, maternal  (chronological age)
using national <34 weeks of need for hearing aids  diabetes, Severe hearing impairment
registry data gestation was assessed at the premature (including need for hearing
participating centre. rupture of aids)
membranes,

Histological

preeclampsng, chorioamnionitis
non-reassuring

fetal status, No: Reference
mode of birth, Yes: OR 1.28 (0.49-3.32)

administration of
antenatal
steroids,
gestational age
at birth, birth
weight, SGA
and sex.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Visual impairment

Miyazaki 2016 Retrospective n=2201 preterm Visual impairment, Maternal age,
cohort study infants born at defined as unilateral parity, maternal
using national <34 weeks of or bilateral blindness diabetes,
registry data gestation diagnosed by an premature

ophthalmologist. rupture of
membranes,

preeclampsia,
non-reassuring
fetal status,

mode of birth,
administration of
antenatal
steroids,
gestational age
at birth, birth
weight, SGA
and sex.
Composite outcomes
Kallén 2015 Population based n=456 preterm Composite outcome Gestational age
prospective infants <27 of neurosensory
cohort study weeks impairment, defined
(EXPRESS) as moderate/severe
cerebral palsy or
moderate/severe
impairment regarding
vision or hearing.
Leversen 2010 Population based n=373 preterm Composite outcome Gestational age,
prospective infants (22-27+6 of "major gender, multiple
cohort study weeks) neurosensory pregnancy,

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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At 3 years of age Low
(chronological age)

Visual impairment (unilateral
or bilateral blindness)

Histological
chorioamnionitis

No: Reference
Yes: OR 1.08 (0.65-1.78)

At 2.5 years corrected age  Moderate
Neurosensory impairment

Chorioamnionitis/Prolonge
d and premature rupture of
membranes

No: Reference
Yes: OR 0.8 (0.3-2.0)

Multiple birth
No: Reference
Yes: OR 0.8 (0.3-2.1)

At 2 years of age Moderate
Major neurosensory disability
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disabilities". This
includes cerebral

chorioamnionitis
, preeclampsia,

Multiple pregnancy
No: Reference

palsy, blindness antenatal . )
(classified as legally steroids, PROM, Ve PR 1'5_ (0'_4_ 58)
blind) or complete Caesarean Chorioamnionitis
deafness. section, SGA, No: Reference

illness severity
score (a score
of the lowest
and highest
FiO2
requirements
and the largest
base deficit
during the first
12 hours of life),
septicaemia,
BPD, patent
ductus
arteriosus, NEC,
postnatal
steroids, cranial
ultrasound
findings and
retinopathy of
prematurity.
Adjusted for At 18-22 months' corrected High
maternal age, age

multiple birth, Neurodevelopmental

parity, antenatal  jmpairment

steroids, Histological

szl . chorioamnionitis

TSI No: Reference

antepartum
haemorrhage, Yes: OR 0.89 (0.56-1.42)t

sex, gestational

Yes: OR 5.3 (1.4-20.4)

Infants underwent a
comprehensive follow-
up assessment at 18-
22 months corrected
age. Psychometric
testing was perforemd
using the Bayley
Scales of Infant and
Toddler Development,
Third Edition (Bayley

Multicentre
retrospective
cohort study

Pappas 2014 n=2235 preterm
infants born at
<27 weeks’

gestation

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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). A score of less age, SGA Histological

than 70 represents status, chorioamnionitis plus
<28D below the insurance, race  clinical chorioamnionitis
mean. Children who and centre. No: Reference

were so severely Yes: OR 1.51 (0.88-2.59)t
developmentally

delayed that they

could not be assessed
were assigned scores
(54 for severe
cognitive delay and 46
for severe language
delay).

Cerebral palsy was
defined as a
nonprogressive
central nervous
system disorder with
abnormal muscle tone
in at least one
extremity and
abnormal control of
movement and
posture that interfered
with age-appropriate
activities. Disabling
CP was classified as
GMFCS 2 level 2.
Neurodevelopmental
impairment was
defined by one or
more of disabling CP,
Bayley scores <70,
GMFCS level Il or
greater, blindness or
permanent hearing

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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loss that did not
permit the child to
understand or
communicate despite

amplification.

Shankaran 2004  Multicentre n=246 preterm Neurodevelopmental ICH grade 3-4, At 18-22 months' corrected Low
prospective infants <24 impairment (NDI) was  PVL, any age;
cohort study weeks’ gestation  defined as CP, MDI or  antenatal Neurodevelopmental

and <750g PDI <70, bilateral steroids, male impairment
blindness, or hearing gender, Household income < 20K:
impaired with ethnicity,
amplification. household OR 1.3 (0.6-2.8)
income < 20K,
BPD, surfactant
administration,
steriods for
BPD, Medicaid,
no high school
degree and 2-
parent
household.

Toome 2013 Population based n=187 preterm Cerebral palsy was Antenatal At 2 years’ corrected age High
prospective infants <32 defined according to steroids, Neurodevelopmental
cohort study weeks gestation  the guidelines of the multiple births, impairment

Surveillance of gestational age,
Cerebral Palsy in birthweight, Maternal age

Not a significant independent

Europe collaborative small for ; o
predictor on multivariate

group, and the Gross  gestational age,

Motor Function male gender, I )
Classification System  surfactant, Low income of the family
(GMFCS) was used to  postnatal Not a significant independent
quantify motor steroids, IVH predictor on multivariate
function in infants with  grade 3-4 and/or analysis

CP. PVL grade 2-4,  Multiple births

The Bayley Scales of BPD, ROP

Infant and Toddler stage 3-5 with

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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Development were
used to generate
composite scores for
cognitive, language
and motor skills, with
a mean (SD) score of
100 (x15). Results are
presented according
to the number of
participants with
scores <2SD below
the mean for cognitive
and language
composite scores.

A composite outcome
measure of
neurodevelopmental
impairment was used.
This includes any one
(or more) of the
following criteria: CP
with GMFCS level
2,34 or 5; cognitive
and/or language
composite scores of
<-2SD below the
norm; hearing loss
corrected with hearing
aids or deafness;
vision moderately
reduced or blindness.

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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laser therapy,
positive blood
culture sepsis,
NEC stage 2-3,
weight<10th
percentile at
discharge,
maternal age,
maternal higher
education,
single mother,
paternal age,
paternal higher
education and
low income of
the family).

Not a significant independent
predictor on multivariate
analysis
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Economic evidence

No health economic search was undertaken for this review question and consequently no
evidence was found. This question focused on the risk of various developmental disorders
rather than whether any strategy for the management of these disorders represents a cost-
effective use of resources. Therefore, this question is not primarily about competing
alternatives which have different opportunity costs and therefore was not considered suitable
for a health economic review.

Evidence statements
Cerebral Palsy

CP in relation to gestational age

e Evidence from 4 studies showed an increase in the risk of cerebral palsy for preterm
infants.

¢ Moderate quality evidence from 1 study (n=141321) showed a significant increase in the
risk of cerebral palsy for children born preterm (30-33 weeks and 34-36 weeks) as
compared to term children, during a follow-up period of up to 5.5 years.

e Moderate quality evidence from 1 study (n=6145357) also showed an increased risk of
cerebral palsy for preterm children, regardless of gestation (32-36 weeks, 38-31 weeks
and <28 weeks) as compared to those born at term.

e Low quality evidence from 1 study (n=1018302) also showed a significant increase in the
risk of cerebral palsy (at the age of 7 years) for preterm infants of <32 weeks, 32 to 33*6
weeks, and 34 to 36*® weeks as compared to term babies.

e Similarly, moderate quality evidence from 1 study (n=13843) showed a significant
increase in the risk of cerebral palsy (at the age of 7 years) for preterm infants of 32-36
weeks compared to term babies.

CP in relation to biological factors

Moderate quality evidence from 5 studies (sample sizes ranging from 187 to 53078) showed
mixed results on the association between being born SGA and CP.

Moderate quality evidence from 1 study (n=2971) showed a significant increase in the risk of
moderate or severe cerebral palsy for children who were small for gestational age (SGA,
versus not SGA) during a follow-up period of 18-22 months corrected age. Moderate quality
evidence from 1 study (n=2846) showed that there was no increase in the risk of cerebral
palsy in children born SGA (versus appropriate for gestational age) at 24-28 weeks or 29-32
weeks gestational age. Moderate quality evidence from 1 study (n=187) showed that there
was no association between being born SGA (versus appropriate for gestational age) and
CP among children born preterm at 2 years. Moderate quality evidence from 1 study
(n=53078) showed that the risk of cerebral palsy in children born at <32 weeks of gestation
who were SGA (versus appropriate for gestational age) was lowered. Among children born at
32-33 weeks, there was no association with SGA and CP, however, among children born at
34-36 weeks, there was an increased risk of CP among preterms born SGA.

Low to moderate quality evidence from 6 studies (sample sizes ranging from 187 to 53078)
showed mixed results on the association between sex of the child born preterm and CP.

Moderate quality evidence from 1 study (n=208) showed that there was no significant risk of
cerebral palsy in male infants (versus female) assessed at 18-22 months corrected age born
at 222 weeks gestational age. Low quality evidence from 1 study (n=246) found no
association between male sex and risk of CP among children born at <25 weeks of gestation

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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and assessed at 18-22 months corrected age. Moderate quality evidence from 1 study
(n=187) showed that there was no significant risk of cerebral palsy for male children (versus
female) at follow-up of 2 years. Moderate quality evidence from 1 study (n=252) showed that
there was no significant risk of cerebral palsy in males (versus females) born <28 weeks
gestational age at follow-up of 5 years. Moderate quality evidence from 1 study (n=2457)
showed that there was no increase in risk of cerebral palsy in male children born 30-34
weeks gestational age assessed at 5 years of age. Low quality evidence from 1 study
(n=53078) showed that there was a significant increase in the risk of cerebral palsy in males
(versus females) who were born at <32 weeks gestational age and assessed at 7 years of
age. In the same study, no significant association was found between being male and CP
among children born at 32-33 weeks of gestation.

High quality evidence from 1 study (n=375) showed that there was a lowered risk of CP
among children of African American origin (versus not African American) among children
born between 23 and 32 weeks gestational age followed up at 6 years of age.

CP in relation to neonatal factors

Moderate to high quality evidence from 10 studies (sample sizes ranging from 187 to 6161)
largely showed increased risk in CP in children exposed to IVH grade IlI-1V, severe PIVH,
PVL, IVH/shunt, IVH grade IlI-IV and/or grade II-1V, parenchymal pathology and/or
ventriculomegaly, IVH grade Ill or echodensities or ventricular dilation, cystic PVL or
intraparentchymal, intracranial haemorrhage compared with those unexposed to those risk
factors. Children in these 11 studies were born at different gestational ages and assessed at
age 18 months, 24 months, 18 to 22 months corrected age, 2 years, 30 months, 5 years, 6
years, and 7 years. Only 1 study (n=246) found no significant association between IVH grade
[1I-IVH and CP when children were assessed at 18-22 months corrected age (moderate

quality).

Moderate quality evidence from 5 studies (sample sizes ranging from 208 to 6347) showed
mixed findings with regard to the association between sepsis and CP.

Two studies showed that preterm children exposed to sepsis were at an increased risk for
CP in comparison with those unexposed when assessed at age 18-22 months corrected
(moderate quality evidence). However, another 3 studies showed no significant association
between the two when preterm children were assessed at age 18 to 22 months corrected, 18
months, and 7 years (moderate quality evidence).

Moderate quality evidence from 2 studies (n=1085; n=283) showed no significant association
between ROP and the risk of CP when children were assessed at age 24 months and 30
months. The same non-significant association was found when ROP of different severities
(such as ROP threshold, ROP pre-threshold) and the various forms of CP (for example CP
quadriparesis, CP diparesis, and CP hemiparesis) were assessed in 1 of the studies
(moderate quality evidence).

Low to high quality evidence from 6 studies (sample sizes ranging from 252 to 2948) showed
mixed findings regarding the risk of CP in relation to NEC. Four studies found no significant
association between NEC and CP when children born preterm were assessed at 18-22
months corrected age, age 18 months, and age 5 and 6 years. However, significantly
increased risk in CP among those exposed to NEC compared with those unexposed was
found in 2 studies when children were assessed at 18 to 22 months corrected age and 5
years, respectively.

Low to moderate quality evidence from 10 studies (sample sizes ranging from 193 to 6347)
reported mixed findings regarding the association between antenatal steroids and CP. Seven
studies found no significant association between those exposed to antenatal steroids and CP
compared with those unexposed and when children were assessed at age 24 months, 18 to
22 months corrected age; 18 months; 30 months, 5 years, and 7 years. However, moderate

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
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to low quality evidence from three studies (sample size ranged from 193 to 1924) showed a
significantly reduced risk in CP associated with antenatal steroids when children born at 27.3
(mean) weeks’ GA were assessed at age 18 months and 5 years, respectively; and children
born at 22-25 weeks’ GA were assessed at age 18-22 months corrected.

Moderate quality evidence from 6 studies (sample sizes ranging from 280 to 6347) reported
mixed findings. Three studies (n=280; n=672; n=3785) found a significantly increased risk in
CP among those exposed to postnatal steroids compared with those unexposed when
children were assessed at age 18 -22 months corrected, 24 months, and 5 years. However,
nonsignificant association between postnatal steroids and CP was reported in another three
studies (n=1472; n=1812; n=283) when children were assessed at age 18-22 months
corrected age, 30 months corrected age, and 5 years.

Moderate quality evidence from 4 studies (sample sizes ranging from 246 to 3785) reported
mixed findings on the risk of CP in relation to BPD at 36 weeks. No association was found in
4 studies when children born at 22-32 weeks’ GA, <28 weeks GA were assessed at age 18-
22 months corrected, 24 months corrected, and 5 years. However, in 1 study, when BPD
with mechanical ventilation was assessed, no significant association was found between it
and CP when children born at <28 weeks GA were assessed at age 24 months corrected.

CP in relation to social, environmental and maternal factors

High quality evidence from 1 study (n=2235) showed no significant impact of
chorioamnionitis on the risk of cerebral palsy in a group of very preterm babies (<27 weeks’
gestation) at 18-22 months of corrected age. Moderate quality evidence from 1 study (n=283)
did not find an association between chorioamnionitis and CP among children born before 26
weeks of gestation and assessed at 30 months corrected age. Low quality evidence from 1
study (n=2202) showed no association between histological chorioamnionitis and cerebral
palsy in children born before 34 weeks of gestation at 3 years of age (uncorrected).

Evidence from 3 studies (n=641) showed no impact of socioeconomic status on the risk of
cerebral palsy (Shankaran 2004; Tommiska 2003; Toome 2013). The quality of evidence
from these studies ranged from low to high.

High quality evidence from 1 study (n=208) showed that maternal age did not affect the risk
of cerebral palsy in a group of extremely low birth weight infants assessed at 18 months
corrected age. High quality evidence from another study (n=187) showed no significant effect
of maternal age on the risk of cerebral palsy at 2 years (corrected age) among children born
before 32 weeks of gestation. Low quality evidence from 1 study (n=53078) showed no
association between maternal age and CP among children born preterm.

High quality evidence from 1 study (n=208) showed that multiple pregnancy did not
significantly affect the risk of cerebral palsy in a group of extremely low birth weight infants
assessed at 18 months corrected age. High quality evidence from another study (n=187)
showed no significant effect of multiple pregnancy on the risk of cerebral palsy at 2 years
(corrected age). Moderate quality evidence from 1 study (n=1461) reported no significant
change in the risk of cerebral palsy for multiple pregnancies (as compared to singletons)
born at 30-34 weeks. Further analysis of the same cohort included preterm infants from 24-
32 weeks (n=812). This also showed no significant change in the risk of cerebral palsy for
multiple pregnancies or with maternal age (moderate quality evidence). Low quality evidence
from 1 study (n=53078) reported no association between multiple birth and cerebral palsy.

Developmental coordination disorder (DCD)

DCD in relation to gestational age

No evidence was found.
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DCD in relation to biological factors

Low quality evidence from 1 study (n=560) showed that an increase in the risk of
developmental coordination disorder in male children (versus female) born before 28 weeks
of gestation and assessed at 8 to 9 years age.

DCD in relation to neonatal factors

No evidence was found.

DCD in relation to social, environmental and maternal factors

No evidence was found.
Intellectual disability

Intellectual disability in relation to gestational age

Low to high quality evidence from 7 studies (sample sizes ranging from 1157 to 141321)
show that children born preterm are at an increased risk of intellectual disability.

Moderate quality evidence from 1 study (n=7500) also showed a significantly increased risk
of developmental delay (mild and severe) in children born at 34-36 weeks’ gestation as
compared to term controls at the age of 2 years. Moderate quality evidence from 1 study
(n=1157) also showed a significantly increased risk of mild cognitive impairment, and mild or
moderate developmental delay in children born before 27 weeks’ gestation as compared to
term controls at the age of 2.5 years. High quality evidence from 1 study (n=1854) showed a
significant increase in intellectual disability at age 5 years in preterm children born at 22-32
weeks, compared to term controls. Moderate quality evidence from 1 study (n=141321)
showed a significantly increased risk of developmental delay in preterm children (30-33
weeks and 34-36 weeks) when compared to term children, up to the age of 5.5 years. Low
quality evidence from 1 study (n=85535) showed a significant increase in the risk of
intellectual disability in children born preterm (<37 weeks) as compared to term controls
when parents were asked if a doctor had ever told that their preterm child (2 to 17 years old)
has intellectual disability.

Moderate quality evidence from 1 study (n=1506) showed no significant increased risk of
developmental delay (mild or severe) in early preterm children born at 23-24 weeks as
compared to children born at 25-26 weeks and assessed at 2 years corrected.

Intellectual disability in relation to biological factors

Moderate quality evidence from 5 studies (sample sizes ranging from 187 to 2846) showed
somewhat mixed results on the association between being born SGA and intellectual
disability among children born preterm.

Moderate quality evidence from 1 study (n=963) found a significant increase in risk of
cognitive impairment (MDI <70) in children born before 27 weeks of gestation who were SGA
(versus appropriate for gestational age) at 18-22 months corrected age. Low quality evidence
from 1 study (n=1151) did not find an association between SGA (versus appropriate for
gestational age) and cognitive impairment in children born before 27 weeks of gestation and
assessed at 18-22 months corrected age. High quality evidence from 1 study (n=187)
showed that three was no significant increase in the risk of cognitive impairment in children
born SGA born at a mean 28.8 weeks gestational age and assessed at 2 years (corrected
age). Moderate quality evidence from 1 study (n=1503) found an increased risk of severe
cognitive impairment in children born SGA (versus appropriate for gestational age) between
24 to 32 weeks gestational age and assessed at 5 years of age. Moderate quality evidence
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from 1 study (n=2846) showed that there was no increased risk of cognitive impairment at 5
years in children born SGA at 24-28 weeks gestational age, however, there was a significant
increase in the risk of impairment at 29-32 weeks gestational age.

Low to moderate quality evidence from 8 studies (sample sizes ranging from 187 to 14147)
showed somewhat mixed findings on the association between the sex of the preterm child
and intellectual disability.

Moderate quality evidence from 1 study (n=963) showed that there was no association
between male sex and cognitive impairment (MDI <70) in children born before 27 weeks of
gestation and assessed at 18-22 months corrected age. High quality evidence from 1 study
(n=246) showed that there was no increased risk of cognitive impairment (MDI<70) in male
children born before 25 weeks of gestation (versus females) at 18-22 months corrected age.
Moderate quality evidence from 1 study (n=14147) showed that there was a significant
increase in risk of intellectual disability in male children (versus female) with birth weight of
401-1000 grams (mean gestational age 25.5 weeks) at 18-22 months corrected age. Low
quality evidence from 1 study (n=1151) did not find an association between male sex (versus
female) and cognitive impairment in children born before 27 weeks of gestation and
assessed at 18-22 months corrected age. High quality evidence from 1 study (n=187)
showed no significant increase in the risk of cognitive impairment in male children (versus
female) born at a mean 28.8 weeks gestational age and assessed at 2 years (corrected age).
Moderate quality evidence from 1 study (n=1506) showed that there was a significant
increase in the risk of cognitive impairment in male children (versus female) born before 28
weeks of gestation and assessed at 2 years (corrected age). Moderate quality evidence from
1 study (n=1503) found no association between male sex (versus female) and mild or severe
cognitive impairment in children born between 24 to 32 weeks gestational age and assessed
at 5 years of age. Moderate quality evidence from 1 study (n=252) found no association
between male sex (versus female) and cognitive impairment in children born before 28
weeks of gestation assessed at 5 years of age.

Low to moderate quality evidence from 4 studies (sample sizes ranging from 246 to 3790)
showed mixed findings on the association between ethnicity and intellectual disability in
children born preterm.

Low quality evidence from 1 study (n=246) showed that there was no increased risk of
cognitive impairment (MDI<70) in children of black ethnicity (versus non-black) born before
25 weeks of gestation assessed at 18-22 months corrected age. Moderate quality evidence
from 1 study (n=3790) showed no significant increase in the risk of cognitive impairment in
children of non-white race (versus white) at 18-22 months corrected age. Low quality
evidence from 1 study (n=1151) did not find an association between black ethnicity (versus
non-black) and cognitive impairment in children born before 27 weeks of gestation and
assessed at 18-22 months corrected age. However, moderate quality evidence from 1 study
(n=1506) showed that there was a significant increase in the risk of cognitive impairment in
children of non-white ethnicity (versus white) born before 28 weeks of gestation and
assessed at 2 years (corrected age).

Intellectual disability in relation to neonatal factors

Low to moderate quality evidence from 11 studies (sample sizes ranging from 187 to 6161)
largely showed an increased risk in intellectual disability defined in different ways across
studies associated with PVL, IVH and infarct. Children in those studies were assessed at age
18 to 22 months corrected, 24 months corrected, 2 years, and 5 years. However, non-
significant association was found in 2 studies when children were assessed at age 18-22
months corrected and 5 years.

Moderate quality evidence from 6 studies (sample sizes ranging from 1472 to 6314) reported
mixed findings. Three studies found a significantly increased risk in intellectual disabilities
associated with sepsis when children were assessed at age 18 to 22 months corrected age.
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However, another three studies (sample size ranged from 963 to 3785) reported non-
significant association between the two when children assessed also at age 18-22 months
corrected.

Moderate quality evidence from 1 study (n=1085) showed mixed results when different
degrees of ROP and intellectual disability of different levels were assessed among children
aged 24 months. ROP stage 3 showed an increased risk associated with MDI <55 (Bayley).
However, when MDI 56-69 was assessed as the outcome, the significantly increased risk
associated with ROP was found for ROP zone 1, ROP threshold, and ROP pre-threshold.

Moderate quality evidence from 9 studies (sample sizes ranging from 193 to 6314) reported
mixed findings regarding the association between NEC and intellectual disability defined in
different methods. Six studies showed an increased risk in MDI < 70 associated with NEC
(e.g., NEC surgery, NEC perforation) when children were assessed at age 18 to 22 months
corrected, 2 years, 5 years. However, another 3 studies showed non-significant association
between the two when children were assessed at age 18 to 22 months corrected, 5 years.

Low to moderate quality evidence from 10 studies (sample sizes ranging from 193 to 4924)
showed largely non-significant association between antenatal steroids and intellectual
disability measured in different ways when children were assessed at age 18-22 months
corrected and 5 years. In 1 study (n=193), antenatal steroids were found to be associated
with an IQ score <70 when children were assessed at age 5 years.

Moderate quality evidence from 4 studies (sample sizes ranging from 2901 to 3705) showed
mixed results regarding the association between postnatal steroids and intellectual disability.
Three studies found an increased risk in MDI < 70 associated with postnatal steroids when
children were assessed at age 18 to 22 months corrected. However, 1 study (n=2901) found
no significant association between it and severe cognitive deficiency assessed by Kaufman
Assessment Battery for Children (K-ABC) scale when children at 5 years were assessed.

Low to moderate quality evidence from 7 studies (sample sizes ranging from 193 to 3785)
reported mixed findings. Four studies found a significantly increased risk in intellectual
disability associated with BPD at 36 weeks when children were assessed at age 18 to 22
months corrected. However, 3 studies found no significant associations between BPD with or
without mechanical ventilation and intellectual disability when children were assessed at age
18 to 22 months corrected, and at age 24 months.

Intellectual disability in relation to social, environmental and maternal factors

High quality evidence from 1 study (n=2235) showed a significant increase in the risk of
cognitive impairment at 2 years of age for preterm infants with chorioamnionitis that was
diagnosed both clinically and histopathologically. Moderate quality evidence from 1 study
(n=456) showed no significant effect of chorioamnionitis on cognitive function at 2.5 years
among children born before 27 weeks of gestation. Low quality evidence from another study
(n=2202) showed no association between histological chorioamnionitis and cognitive function
in children born before 34 weeks of gestation at 3 years of age (uncorrected).

Low quality evidence from 1 study (n=246) showed no association between low
socioeconomic status (household income <$20K) and cognitive impairment at 18-22 months
corrected age among children born before 25 weeks of gestation. High quality evidence from
another study (n=187) showed no significant effect of socioeconomic status on the risk of
cognitive impairment at 2 years (corrected age) among children born before 32 weeks of
gestation. Moderate quality evidence from 1 study (n=1503) found a significant increase in
the risk of mild and severe intellectual disability for preterm infants (24-32 weeks) of families
with lower socioeconomic status. Further analysis of the same study (n=1461) also showed a
significant increase in moderate/severe cognitive deficiency for moderately preterm infants
(30-34 weeks) born to families of lower socioeconomic status.
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Moderate quality evidence from 1 study (n=3790) showed no association between maternal
age and cognitive impairment at 18-22 months corrected age among children born before 27
weeks of gestation. High quality evidence from 1 study (n=187) showed no significant effect
of maternal age on the risk of cognitive impairment at 2 years (corrected age) among
children born before 32 weeks of gestation.

Low quality evidence from 1 study (n=82) found that maternal use of cocaine significantly
increased the risk of intellectual disability among children born preterm at 3 years of age.

Moderate to high quality evidence from 2 studies (n=643) showed no significant effect of
multiple birth on the risk of cognitive impairment at 2 and 2.5 years of age among children
born before 27 weeks and before 32 weeks of gestation.

Specific learning impairment

Specific learning impairment in relation to gestational age

Moderate quality evidence from 1 study (n=372) showed a significant increase in the risk of
reading impairment and mathematical impairment in early preterm children (<26 weeks) as
compared to full term controls, at the age of 11 years.

Specific learning impairment in relation to biological factors

No evidence was found.

Specific learning impairment in relation to neonatal factors

Moderate quality evidence from 1 study (n=161) showed an increased risk in delayed
numerical skills associated with ICH of all grades when children born preterm were assessed
at age 5 years.

Moderate quality evidence from 1 study (n=161) showed an increased risk in delayed
numerical skills associated with BPD at 36 weeks when children born preterm were
assessed at age 5 years.

Specific learning impairment in relation to social, environmental and maternal factors

No evidence was found.
Speech or language impairment

Speech or language impairment in relation to gestational age

Low to moderate quality evidence from 3 studies (sample sizes ranging from 468 to 38802)
showed mixed results.

Moderate quality evidence from 1 study (n=1157) showed an increase in the risk of mild or
moderate language impairment in children born before 27 weeks of gestation as compared to
term controls at 2.5 years of age.

Low quality evidence from 1 study (n=38802) showed an increased risk of developmental
speech and/or language delay between the ages of 3 and 5 years in children born at 34 to 36
weeks’ gestation compared to children born at term.

Low quality evidence from 1 study (n=468) showed no association between being born
extremely preterm (<25 weeks) and serious impairment in language abilities at 6 years of
age compared to those born at term.
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Speech or language impairment in relation to biological factors

High quality evidence from 1 study (n=187) showed that there was a significant increase in
the risk of language impairment in male children (compared to female) born at a mean
gestationa age of 28.8 weeks at 2 years of age.

Moderate quality evidence from 1 study (n=3790) showed no association between being of
non-white ethnic background and language impairment at 18-22 months’ corrected age in
children born preterm when compared to children born preterm of white ethnicity.

Speech or language impairment in relation to neonatal factors

Moderate quality evidence from 2 studies (n=1472; n=187) showed an increased risk in
speech and language disorders associated with severe PIVH and IVH grade IIl/IV or PVL
grade II-IV when children born pre-term were assessed at age 18-22 months corrected age
and 2 years.

Moderate quality evidence from 1 study (n=1472) found an increased risk in speech and
language disorders associated with sepsis when children born pre-term were assessed at
age 18-22 months corrected age.

Moderate quality evidence from 2 studies (n=1472; n=1934) found no significant association
between antenatal steroids and language disorders when children born pre-term were
assessed at age 18-22 months corrected age.

Moderate quality evidence from 2 studies (n=1472; n=1934) found no significant association
between antenatal steroids and language disorders when children born pre-term were
assessed at age 18-22 months corrected age.

Speech or language impairment in relation to social, environmental and maternal
factors

High quality evidence from 1 study (n=187) showed no significant effect of socioeconomic
status on the risk of language impairment at 2 years (corrected age) among children born
before 32 weeks of gestation.

Moderate quality evidence from 1 study (n=3790) showed no significant effect of maternal
age on the risk of language impairment at 18-22 months corrected age among children born
before 27 weeks of gestation. High quality evidence from another study (n=187) showed no
significant effect of maternal age on the risk of language impairment at 2 years (corrected
age) among children born before 32 weeks of gestation.

High quality evidence from 1 study (n=187) showed no significant effect of multiple
pregnancy on the risk of language impairment at 2 years (corrected age) among children
born before 32 weeks of gestation.

Mental disorders

Mental disorders in relation to gestational age

Low to moderate quality evidence from 4 studies (sample sizes ranging from 193 to 85535)
showed mixed results.

Low quality evidence from 1 study (n=193) showed an increased risk of any anxiety
diagnosis at 3 to 6 years of age in children born at 34 to 36 weeks’ gestation compared to
children born at term. The same study found no association between being born preterm and
conduct disorder (including oppositional defiant disorder) or major depressive disorder.
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Low quality evidence from 1 study (n=85535) showed an increase in the risk of conduct
disorder, anxiety and depression in children born preterm (<37 weeks) as compared to term
controls. The outcomes were measured by asking parents of 2 to 17 year-old children born
preterm if their doctor had ever told that their child has a particular disorder.

Moderate quality evidence from 1 study (n=371) showed no association between being born
before 26 weeks’ gestation and major depression, conduct disorder or oppositional defiant
disorder at the age of 11 years.

Low quality evidence from 1 study (n=372) showed no association between being born
before 28 weeks’ gestation and anxiety or mood disorder at the age of 18 years.

Mental disorders in relation to biological factors

No evidence was found.

Mental disorders in relation to neonatal factors

Moderate quality evidence from 1 study (n=307) showed an increased risk in any psychiatric
disorder associated with NEC when children born preterm were assessed at age 11 years.

Mental disorders in relation to social, environmental and maternal factors

No evidence was found.
Autism Spectrum Disorder (ASD)

ASD in relation to gestational age

Low to high quality evidence from 2 studies (n=85535; n=195021) showed children born
preterm to be at an increased risk of autism spectrum disorder compared to term born
children.

High quality evidence from 1 study (n=195021) showed a significant increase in the risk of
autism spectrum disorder for preterm children (born at 34-36 weeks’, 27-33 weeks’ and 24-
26 weeks’ gestation) as compared to term children, at 2 to 11 years of age.

Low quality evidence from 1 study (n=85535) also showed a significant increase in the risk of
autism spectrum disorder in children born preterm (<37 weeks) as compared to term controls
when asked from parents if the doctor had ever told that their child born preterm aged 2 to 17
years had ASD.

ASD in relation to biological factors

High quality evidence from 2 studies (n=235198; n=21717) showed mixed findings on the
association between being born SGA and ASD.

High quality evidence from 1 study (n=235198) showed that there was a significant increase
in the risk of ASD diagnosis in children born preterm who were born small for gestational age
compared to children born preterm appropriate for gestational age. High quality evidence
from 1 study (n=21717) showed no association between being born SGA and autism among
children born preterm (at 23-31 weeks’, 32-33 weeks’, and 34-36 weeks’ gestation) at 11
years of age.

Low quality evidence from 2 studies (n=1078; n=85535) showed an increased risk of ASD in
male preterm children compared to female preterm children.
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Low quality evidence from 1 study (n=1078) showed that there was a significant increase in
the risk of infantile autism among male children born preterm/extremely low birth weight at 8-
11 years follow-up compared to their female peers. Low quality evidence from 1 study
(n=85535) showed that there was a significant increase in the risk of autism spectrum
disorder in males born preterm (compared to females) when asked from parents if the doctor
had ever told that their child born preterm aged 2 to 17 years had ASD.

Low quality evidence from 1 study (n=95535) showed mixed results regarding association
between ethnicity and ASD in children born preterm. No association was found in Hispanic or
non-Hispanic mixed race children compared to non-Hispanic white children. A reduced risk of
ASD was reported among non-Hispanic black children compared to non-Hispanic white
children. The study measured ASD by asking parents of children born preterm if the doctor
had ever told that their child born preterm aged 2 to 17 years had ASD.

ASD in relation to neonatal factors

Moderate quality evidence from 1 study (n=3807) showed an increased risk in autism
associated with IVH grade llI-IV when children born preterm were assessed at age 2 to 11
years, However no significant association between cystic PVL and autism was found in the
same study.

Moderate quality evidence from 1 study (n=3807) showed no significant association between
sepsis and autism when children born preterm were assessed at age 2 to 11 years.

Moderate quality evidence from 1 study (n=1078) showed no significant association between
BPD at 36 weeks and autism when children born preterm were assessed at age 8 to 11
years.

ASD in relation to social, environmental and maternal factors

No evidence was found.
Attention Deficit Hyperactivity Disorder (ADHD)

ADHD in relation to gestational age

Low to moderate quality evidence from 5 studies (sample sizes ranging from 193 to 85535)
showed somewhat mixed results.

Moderate quality evidence from 1 study (n=371) showed a significant increase in the risk of
ADHD and ADHD inattentive subtype in children born before 26 weeks’ gestation (<26
weeks) at the age of 11 years, as compared to term controls. No significant differences in the
risk of ADHD combined type were identified. The difference in ADHD and ADHD inattentive
subtype persisted after exclusion of children with neurosensory impairment, but not after
additionally excluding those with cognitive impairment.

Low quality evidence from 1 study (n=372) showed a significant increase in the risk of any
type of ADHD in early preterm/extremely low birth weight children (<28 weeks) as compared
to normal birth weight controls, at the age of 18 years. The same study showed no increase
in the risk of combined type of ADHD, inattentive or hyperactive/impulsive subtypes of
ADHD.

Low quality evidence from 1 study (n=85535) also showed a significant increase in the risk of
ADHD in children born preterm (<37 weeks) as compared to term controls when asked from
parents if the doctor had ever told that their child born preterm aged 2 to 17 years had
ADHD.
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Low quality evidence from 2 studies (n=193; n=38802) showed no association between
being born at 34-36 weeks’ gestation and ADHD at 3 to 6 years of age.

ADHD in relation to biological factors

Low quality evidence from 1 study (n=85535) showed an increase in the risk of ADHD among
male children born preterm (compared to female) when asked from parents if the doctor had
ever told that their child born preterm aged 2 to 17 years had ADHD. The same study
reported a reduced risk of ADHD, as reported by parents, among children born preterm of
Hispanic and non-Hispanic black ethnicity compared to children born preterm of non-
Hispanic white ethnicity.

ADHD in relation to neonatal factors

No evidence was found.

ADHD in relation to social, environmental and maternal factors

No evidence was found.
Vision impairment

Vision impairment in relation to gestational age

No evidence was found.

Vision impairment in relation to biological factors

Moderate quality evidence from 1 study (n=297) showed a significant increase in the risk of
blindness (<20/200 vision bilaterally) among children born at 23-26 weeks’ gestation who
were born small for gestational age compared to children of the same gestation age who
were born appropriate for gestational age.

Vision impairment in relation to neonatal factors

Moderate quality evidence from 1 study (n=6161) showed an increased risk in blindness
associated with IVH grade Ill/shunt when children born preterm were assessed at age 18-22
months corrected.

Moderate quality evidence from 1 study (n=6161) showed an increased risk in blindness
associated with sepsis, meningitis with our without sepsis when children born preterm were
assessed at age 18-22 months corrected.

Moderate quality evidence from 1 study (n=193) showed an increased risk in blindness
associated with ROP when children born preterm were assessed at age 5 years.

Moderate quality evidence from 1 study (n=6161) showed no significant association between
antenatal steroids and blindness when children born preterm were assessed at age 18-22
months corrected.

Vision impairment in relation to social, environmental and maternal factors

Low quality evidence 1 study (n=2202) showed no association between histological
chorioamnionitis and visual impairment in children born before 34 weeks of gestation at 3
years of age (uncorrected).
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Hearing impairment

Hearing impairment in relation to gestational age

No evidence was found.

Hearing impairment in relation to biological factors

Moderate quality evidence from 1 study (n=2971) showed no association between being born
small for gestational age and hearing loss among children born at 23 to 26 weeks’ gestation.

Hearing impairment in relation to neonatal factors

Moderate quality evidence from 1 study (n=6161) showed no significant association between
IVH grade lll/shunt and deafness when children born preterm were assessed at age 18-22
months corrected.

Moderate quality evidence from 1 study (n=6314) showed an increased risk in deafness
associated with sepsis when children born preterm were assessed at age 18-22 months
corrected. However, the same study showed no significant association between meningitis
with our without sepsis and deafness.

Moderate quality evidence from 1 study (n=4924) showed no significant association between
antenatal steroids and deafness when children born preterm were assessed at age 18-22
months corrected.

Hearing impairment in relation to social, environmental and maternal factors

Low quality evidence 1 study (n=2202) showed no association between histological
chorioamnionitis and severe hearing impairment in children born before 34 weeks of
gestation at 3 years of age (uncorrected).

e Composite outcome

Composite outcome in relation to gestational age

High quality evidence from 1 study (n=1473) showed a significant increase in the risk of
neurodevelopmental disorder (including 1 or more of the following: developmental delay,
cerebral palsy, blindness or deafness) at 2 to 3 years corrected age in children born at 22-26
weeks’ gestation when compared with born preterm at 27-28 weeks’ gestation.

Composite outcome in relation to biological factors

Moderate to high quality evidence from 3 studies (sample sizes ranging from 187 to 1473)
showed mixed results on the association between being born SGA and composite
neurodevelopmental or neurosensory outcome in children born preterm.

High quality evidence from 1 study (n=1473) showed an increased risk of moderate to severe
functional disability (1 or more of the following: developmental delay, cerebral palsy, bilateral
blindness, or bilateral deafness) among SGA children (compared to children born appropriate
to gestational age) born before 29 weeks’ gestation and assessed at 2-3 years corrected
age. Moderate quality evidence from 1 study (n=373) showed no association between being
born SGA and major neurosensory disability (1 or more of the following: cerebral palsy,
blindness, or complete deafness) at 2 years in children born at 22-27 weeks’ gestation.

Low to high quality evidence from 4 studies (sample sizes ranging from 246 to 3041) showed
mixed findings on the association between the sex of the child and composite
neurodevelopmental or neurosensory outcome in children born preterm.
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High quality evidence from 1 study (n=1473) showed an increased risk of moderate to severe
functional disability (1 or more of the following: developmental delay, cerebral palsy, bilateral

blindness, or bilateral deafness) among males (compared to females) born before 29 weeks’

gestation and assessed at 2-3 years corrected age.

Moderate quality evidence from 1 study (n=3041) showed an increased risk of
neurodevelopmental disability (1 or more of the following: mental developmental index score
or physomotor developmental index score < 70, moderate or severe cerebral palsy, bilateral
blindness, or deafness) among males (compared to females) born at a mean gestational age
of 25.8 weeks and assessed at 18 to 22 months corrected age.

Moderate quality evidence from 1 study (n=373) showed no association between the sex of
the child and major neurosensory disability (1 or more of the following: cerebral palsy,
blindness, or complete deafness) at 2 years in children born at 22-27 weeks’ gestation.

Low quality evidence from 1 study (n=246) showed no association between the sex of the
child and neurodevelopmental impairment (1 or more of the following: cerebral palsy, mental
developmental index score or psychomotor developmental index score < 70, bilateral
blindness, or hearing impaired with amplification) at 18 to 22 months corrected age in
children born before 25 weeks’ gestation.

Low to moderate quality evidence from 2 studies (n=246; 2=3041) showed mixed findings on
the association between ethnicity and composite neurodevelopmental outcome in children
born preterm.

Moderate quality evidence from 1 study (n=3041) showed an increased risk of
neurodevelopmental disability (1 or more of the following: mental developmental index score
or physomotor developmental index score < 70, moderate or severe cerebral palsy, bilateral
blindness, or deafness) among children of non-white ethnicity (compared to children of white
ethnicity) born at a mean gestational age of 25.8 weeks and assessed at 18 to 22 months
corrected age.

Low quality evidence from 1 study (n=246) showed no association between ethnicity and
neurodevelopmental impairment (1 or more of the following: cerebral palsy, mental
developmental index score or psychomotor developmental index score < 70, bilateral
blindness, or hearing impaired with amplification) at 18 to 22 months corrected age in
children born before 25 weeks’ gestation.

Composite outcome in relation to neonatal factors

Moderate quality evidence from 11 studies (sample sizes ranging from 166 to 6161) showed
largely increased risk in neurodevelopmental impairment or neurosensory impairment
associated with IVH grade lll, IVH grade IV, IVH grade llI-1V, severe PIVH, cystic PVL, IVH
[ll/shunt, severe cerebral lesions when children born preterm were assessed at age 18-22
months corrected, 22-30 months, 2 years, and 2-3 corrected year.

Moderate quality evidence from 6 studies (sample sizes ranging from 166 to 6314) reported
mixed findings. Three studies showed an increased risk in
neurodevelopmental/neurosensory impairment associated with sepsis when children were
assessed at 18-22 months corrected age. However, 3 studies found no significant difference
between those exposed to sepsis and those who were not when children were assessed at
18-22 months corrected age and 2 years.

Moderate quality evidence from 3 studies (sample sizes ranging from 79 to 1472) showed a
borderline increased or increased risk in neurodevelopmental impairment and or
neurosensory impairment associated with ROP when children born preterm were assessed
at age 2 years, 2 to 3 corrected year, and 7 to 10 years.
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Moderate quality evidence from 7 studies reported mixed findings regarding the relationship
between NEC and composite outcomes either measured as neurodevelopmental impairment
or neurosensory impairment. Five studies showed an increased risk in neurodevelopmental
impairment or neurosensory impairment when children were assessed age 18 to 22 months
corrected, 2 years, and 7 to 10 years, however 3 studies showed no significant associations
when children were assessed at age 18-22 months corrected, 2 years, and 2-3 corrected
years.

Low to moderate quality evidence from 8 studies (sample size ranging from 246 to 4924)
showed no significant association between antenatal steroids and composite outcomes
either measured as neurodevelopmental impairment or neurosensory impairment. This was
the same when children were assessed at age 18-22 months corrected, 2 years, 2.5
corrected years, and 2-3 years,

Moderate quality evidence from 6 studies (sample sizes ranging from 166 to 3041) reported
mixed findings regarding the relationship between postnatal steroids and
neurodevelopmental impairment or neurosensory impairment. Four studies showed an
increased risk in the composite outcomes associated with postnatal steroids when children
were assessed at age 18-22 months corrected and 2 years. However 2 studies found no
significant association between the two when children were assessed at age 18-22 months
corrected and 2 years as well.

Low to moderate quality evidence from 4 studies (sample sizes ranging from 246 to 3785)
reported mixed findings. Three studies found no significant association between BPD and
neurodevelopment impairment or neurosensory impairment when children born preterm were
assessed at age 18-22 months corrected, and 2 years. However, a significantly increased
risk in neurodevelopmental impairment associated with BPD was found in 1 study when
children born at 22-32 weeks’ GA were assessed at age 18-22 months corrected.

Composite outcome in relation to social, environmental and maternal factors

High quality evidence from 1 study (n=2235) showed no impact of histological
chorioamnionitis on the risk of a composite outcome measure of neurodevelopmental
impairment (including CP, deafness, blindness and cognitive delay) at 18-22 months
corrected age among children born before 27 weeks of gestation. This study also showed
that infants with both clinical and histological chorioamnionitis also had no increase in the risk
of neurodevelopmental impairment. Moderate quality evidence from 1 study (n=456) showed
no significant effect of chorioamnionitis (including prolonged and premature rupture of
membranes) on the risk of a neurosensory impairment (1 or more of the following: CP,
moderate/severe visual impairment, or hearing impairment). However, moderate quality
evidence from 1 study (n=373) showed a significant increase in the risk of major
neurosensory disability (1 or more of the following: CP, blindness, or deafness) at 2 years of
age in children born between 22-27 weeks of gestation with chorioamnionitis compared to
those without.

Low quality evidence from 1 study (n=246) showed no significant association between low
socioeconomic status (household income <$20K) and composite neurodevelopmental
impairment outcome at 18-22 months corrected age among children born before 25 weeks of
gestation. High quality evidence from 1 study (n=187) also showed no significant risk of
neurodevelopmental impairment at 2 years (corrected age) among children born before 32
weeks of gestation from low income households (versus non-low income).

High quality evidence from 1 study (n=187) showed no effect of maternal age on the risk of
neurodevelopmental impairment at 2 years (corrected age) among children born before 32
weeks of gestation.

Moderate quality evidence from 2 studies (n=829) showed no significant effect of multiple
birth on the risk of neurosensory impairment (1 or more of the following: CP,
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moderate/severe visual, or hearing impairment) at 2 and 2.5 years corrected age among
children born between 22-27 weeks of gestation. High quality evidence from 1 study (n=187)
also showed no significant risk of neurodevelopmental impairment (1 or more of the
following: intellectual disability, cerebral palsy, hearing impairment, or visual impairment) at 2
years (corrected age) for multiple pregnancies as compared to singletons among children
born before 32 weeks of gestation.

Economic evidence

No health economic search was undertaken for this review question and consequently no
evidence was found. This question focused on the risk of various developmental problems
rather than whether any strategy for the management of these problems represents a cost-
effective use of resources. Therefore, this question is not primarily about competing
alternatives which have different opportunity costs and therefore was not considered suitable
for a health economic review

Evidence statements

Prevalence of cerebral palsy
Cerebral palsy < 28 completed weeks of gestation

Any cerebral palsy

Moderate to low quality evidence from four studies (sample size ranged from 141 to 373)
showed that among children born at 22-27 weeks GA the prevalence of any CP varied from
7% (95% Cl 4.6 to 10.10) to 11.3% (95%CI: 6.6 to 17.8) at 2 years (corrected age), 5 years
and 8 years (corrected) (Leversen 2010; Leversen 2011; Roberts 2011; Anderson 2011).

Moderate quality evidence from four studies (sample size ranged from 75 to 244) showed
that among children born at <27 weeks GA the prevalence of any CP varied from 14.7%
(95%CI1 7.6 t0 24.7% to 24.7% (95%Cl 15.6 to 35.8%) at age range 12 months CA to 9 years
(Mikkola 2005; Stahlmann 2009; Sutton 1999; De Groote 2007).

Moderate to low quality evidence from four studies (sample size ranged from 275 to 331,154)
showed that among children born at <28 weeks GA the prevalence of any CP varied from
6.7% (95%CI 5.1 to 8.6) to 16.6% (95%CI 12.5 to 21.3) (Larroque 2008; Ancel 2006;
Glinianaia 2011; Anderson 2003).

Moderate quality evidence from one study (sample size 1718) showed that among children
born at 24-27 weeks GA the prevalence of any CP was 14.7% (95%CI 10.6-19.5%) at 5
years age (Foix-Helias 2008).

Low quality evidence from one study (sample size 104) showed that among children born at
22-26 weeks GA the prevalence of any CP was 11.5% (95% C16.1-19.3%) at 18 months CA
(Tommiska 2003)

Low quality evidence from one study (sample size 283) showed that among children born 22-
25 weeks GA the prevalence of any CP was 17.7% (95% Cl 13.4-22.6%) at a median age of
30 months (Wood 2000).

Moderate to very low quality evidence from three studies (sample size ranged from 19 to
189) showed that among children born at a mean GA range of 25.4 (1) to 26.5 (£2) weeks
the prevalence of any CP was 7.3% (95% CI 3.8-12.4%) to 37% (95%CI 16-62%) at age 2
years to 8 years (Hutchinson 2013; Doyle 2011; Rieger-Fackeldey 2010).
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Low quality evidence from one study (sample size 219) showed that among children born at
23-27 weeks GA the prevalence of any CP was 11% (95%CI 7.2-15.9%) at 2 years age
(Anon 1997).

Moderate quality evidence from one study (sample size 142) showed that among children
born at a mean GA of 27 weeks, the prevalence of CP was 19.0% (95%CI 12.9 to 26.5%) at
4 years age (Salakorpi 2001).

Mild cerebral palsy

Moderate to low quality evidence from two studies (sample size 77 to 456) showed that
among children born at <27 weeks GA the prevalence of mild CP across the two studies
(10.4% (95%C1 4.6 to 19.5) and 2.9% (95% CI 1.5 to 4.8)) at 2.5 years CA and 3 years age
(De Groote 2007; Serenius 2013).

Moderate cerebral palsy

Moderate quality evidence from one study (sample size 241) showed that among children
born at <26 weeks the prevalence was 7.1% (95%Cl1 4.2 to 11.1) at 6 years (Marlow 2005).
The prevalence was varied in two studies of moderate to low quality in children (sample size
456 to 576) born at <27 weeks GA (2.6% (95%CI 1.5 to 4.3)) and 2.9% (95%CI 1.5 t0 4.8))
(Moore 2012; Serenius 2013), whereas prevalence of CP was 13% (95% Cl 6.4 to 22.6) in
one study (at <27 weeks GA) (De Groote 2007).

Moderate to severe cerebral palsy

Moderate to low quality evidence from two studies (sample size 88 to 241) showed that
among children born at <26 weeks GA the prevalence of CP (moderate/disabling or both
ambulatory/non-ambulatory) was varied, with a prevalence of 6.8% (95%CI 2.5 to 14.3) at 11
years (Farooqi 2011) and 13.3% (95%CI1 9.3 to 18.2) at 6 years (Marlow 2005). There was
also variation of prevalence of moderate to severe CP in children born at <27 weeks GA at
2.5 years corrected age (4.2% (95%Cl 2.5 to 6.4)) and at 3 years (7.8% (95%CI 5.8 to 10.3))
in two studies of moderate and low quality (Serenius 2013; Moore 2012).

Moderate quality evidence from one study (sample size 3785) showed that among children
born at 22-26 weeks GA the prevalence of moderate to severe CP (non-ambulatory or
needing aids) was 11% (95%CI 9.8 to 12.4) at 18-22 months corrected age (Vohr 2005).

Severe cerebral palsy

Moderate to low quality evidence from two studies (sample size ranging from 77 to 456)
showed that among children born at <27 weeks GA the prevalence of severe CP was 1.3%
(95%CI1 0.03 to 7%) at age 2.5 years CA to 3 years (Serenius 2013; De Groote 2007).

Moderate quality evidence from two studies (sample size ranging from 75 to 241) showed
that among children born at <26 weeks and <27 weeks GA the prevalence of non-ambulatory
CP was 6.2% (95%CI 3.5 to 7.4%) at 6 years age (Marlow 2005), and 10.7% (95%CI 4.7 to
19.9%) at 7-9 years age (Stahlmann 2009).

Low quality evidence from one study (sample size 576) showed that among children born at
<27 weeks GA the prevalence for severe CP (GMFCS level 3-5) was 5.2% (95% CI 3.5-
7.4%) at 3 years age (Moore 2012). Moderate quality evidence from one study (sample size
306) showed that among children born at 22-27 weeks GA the prevalence for severe CP
(GMFCS level4-5) was 3.3% (95%Cl 1.6-5.9%) at 5 years age (Leversen 2011).

Low quality evidence from one study (sample size 283) showed that among children born at
22-25 weeks GA the prevalence of severe diplegia was 4.2 % (95%Cl 2.2 to 7.3), severe
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hemiplegia was 0.4% (95%CI 0.01 to 2), and severe quadriplegia was 3.9% (95%CI 2 to 6.9)
at 30 months corrected age (Wood 2000).

o Low quality evidence from one study (sample size 1718) showed that among children
born at 24-27 weeks GA the prevalence for severe CP (unable to walk or only with
aids) was 4.9% (95% CI1 2.6 to 8.2%) at 5 years age (Foix-Helias 2008).

o Low quality evidence from one study (sample size 1506) showed that among children
born at <28 weeks GA the prevalence for severe motor impairment (GMFCS level 5, no
self -mobility) was 1.9% (95%CI 1.1-3.1) at 10 years age (Joseph 2016b).

28-31 completed weeks of gestation

Any cerebral palsy

Moderate to low quality evidence from three studies (sample size varied from 1812 to
331,154) showed that among children born at 28-31 weeks the prevalence of any CP was
varied, ranging from 5.9% (95%CI 4.9 to 7) to 9.5% (95%CI 7.8 to 11.4) across the three
studies at 2-8 years (Larroque 2008; Ancel 2006; Glinianaia 2011).

Moderate to low quality evidence from two studies (sample ranged from 1455 to 1781)
showed that among children born at 28-32 or 30-31 weeks, there was no difference in
prevalence (7.7% (95%CI1 5.8 to 9.9) and 7.9% (95%CI 6.6 to 9.3)) at 5 years (Marret 2007;
Foix-Helias 2008). However, moderate quality evidence from one study (sample size 3785)
showed that among children born at 27-32 weeks GA the prevalence of CP was higher
(11.6% (95%CI 10 to 13.3) at 18-22 months corrected age (Vohr 2005).

Moderate quality evidence from one study (sample size 3785) showed that among children
born at 22-32 weeks GA the prevalence of CP was 16% (95%Cl 14.9 to 17.2) at 18-22
months corrected age (Vohr 2005). However, the prevalence of CP was lower (4.3% (95%ClI
2.2t0 7.5)) in low quality evidence from one study (sample size 259) among children born at
23-32 weeks GA (Andrews 2008). There was minimal difference in prevalence in GA groups
including 24-32 weeks (prevalence 8.9% (95%CI 7.6 to 10.3)) (Foix-Helias 2008), 25-32
weeks GA (prevalence 13.2 (95%CI 8.4 to 19.3)) (Burguet 1999), or <31(prevalence 16%
(95%CI114.910 17.2)) , <32 (prevalence 11% (95%CI 6.5 to 17), or <33 weeks GA
(prevalence 8.8% (95%CI 7.5 to 10.2)) (Vincer 2014; Toome 2012; Larroque 2008).

Mild cerebral palsy

Low quality evidence from one study (sample size 801) showed that among children born at
<31 weeks GA the prevalence of 6.7% (95%ClI 5.1 to 8.7) for mild CP (GMFCS levell) at 12-
42 months corrected age (Vincer 2014).

Moderate to severe cerebral palsy

Low quality evidence from one (sample size 801) showed that among children born at <31
weeks GA the prevalence of moderate to severe CP (GMFCS level 2-5) was 3.4% (95%ClI
2.2-4.9%) at 12-42 months corrected age (Vincer 2014).

Low quality evidence from one study (sample size 155) showed that among children born at
<32 weeks GA the prevalence of moderate to severe CP (GMFCS level 2-5) was 8.4%
(95%CI 4.5-13.9%) at 2 years CA (Toome 2012).

Low quality evidence from one study (1455) showed that among children born at 30-31
weeks GA the prevalence of 5.7% (95%Cl 4.1 to 7.7) for moderate to severe CP (bilateral
spastic CP) at 5 years (Marret 2007).
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Moderate quality evidence from one study (sample size 3785) showed that among children
born at 27-32 weeks GA the prevalence for moderate to severe CP (non-ambulatory or
needing aids) was 7% (95%CI 5.8 to 8.4) at 18-22 months corrected age (Vohr 2005).

Moderate quality evidence from one study (sample size 3785) showed that among children
born at 22-32 weeks GA the prevalence of moderate to severe CP (non-ambulatory or
needing aids) was 9.4% (95%CI 8.5-10.4%) at 18-22 months corrected age (Vohr 2005).

e Severe cerebral palsy

Moderate quality evidence from one study (sample size 1781) showed that among children
born at 28-32 weeks GA the prevalence of severe CP (unable to walk or only with aids) was
2.4% (95%CI 1.7 to 3.4) at 5 years (Foix-Helias 2008). In the same study, the prevalence at
24-32 weeks was 2.8% (95%Cl 2.1 to 3.7).

32-36 completed weeks of gestation

Any cerebral palsy

Low quality evidence from one study (sample size 1455) showed that among children born at
32-34 weeks GA the prevalence of any CP type was 3.4% (95%CI 2.3 to 5) at 5 years
(Marret 2007).

Moderate to low quality evidence from three studies (sample size range from 741 to
331,154)) showed that among children born at 32-26 weeks GA the prevalence of any CP
was similar (range from 0.8% (95%C1 0.7 to 0.9) to 1% (95%CI 0.8 to 1.1) across the studies
atage up to 7 or 8 years (Odd 2013; Hirvonen 2014; Glinianaia 2011).

Moderate to severe cerebral palsy

Low quality evidence from one study (sample size 1455) showed that among children born at
32-34 weeks GA the prevalence of CP (bilateral spastic CP) was 2.2% (95% CIl 1.3 to 3.5) at
5 years (Marret 2007).

Moderate quality from one study (sample size 53,078) showed that among children born at
32-36 weeks GA found the prevalence of CP (other types) was 0.35% (95%CI 0.3 to 0.4) at
up to 7 years (Hirvonen 2014).

Low quality evidence from one study (sample size 331,154) showed that among children
born at <37 weeks GA the prevalence of spastic-bilateral or unilateral CP was 1.3% (95%ClI
1.1to 1.5) and 0.4% (95%CI 0.3 to 0.5) respectively at up to 8 years (Glinianaia 2011).

Low quality evidence from one study (sample size 104) showed that among children born at
22.3-34.9 weeks GA/bw <1000g the prevalence of CP (ataxia/athetosis) was 1% (95%CI 0.1
to 3.4) at 18 months corrected age (Tommiska 2003).

Small for gestational age

Low quality evidence from one study (sample size 2357) showed that among children born at
24-28 weeks GA and small for gestational age, the prevalence of any CP was 18% (95%CI
5.2-40.3%). In the same study, the prevalence was 3.2% (95%CI 0.9-8%) at 5 years age
(Guellec 2011).

Hemiplegia

Low quality evidence from one study (sample size 283) showed that among children born at
22-25 weeks GA the prevalence of hemiplegia was 1.8% (95%CI 0.6-4.1%) at median 30
months (Wood 2000). In the same study, the prevalence of severe hemiplegia was 0.4%
(95%CI 0.01-2%).

National Instiutue for Health and Care Excellence [2017]. All rights reserved.
259



O©oo~N OO0k, WN -

10
11
12

13
14
15
16
17

4.1.2.6.48

19
20
21

22
23
24
25

26
27
28

29
30
31

32
33
34

35
36
37
38
39

4.1.2.6.80

41
42
43

Developmental follow-up of children and young people born preterm
Risk and prevalence of developmental problems and disorders

Very low quality evidence from one study (sample size 167) showed that among children
born at 25-32 weeks GA the prevalence of hemiplegia was 1.2% (95%CI 0.2-4.3%) at 2
years (corrected age) (Burguet 1999).

Low quality evidence from one study (sample size 77) showed that among children born at
<27 weeks GA the prevalence of hemiplegia was 3.9% (95%CI 0.8-11%) at 3 years age (De
Groote 2007).

Moderate quality evidence from one study (sample size 142) showed that among children
born at a mean GA of 27 weeks, the prevalence of hemiplegia was 5.6% (95%CI 2.5 to
10.8%) at 4 years (Salakorpi 2001).

Low quality evidence from one study (sample size 1455) showed that among children born at
gestational age ranging from 30 to 33 weeks the prevalence of hemiplegia ranged from 0.4%
to 0.8% (95%Cl range 0.01 — 4.1%) at 5 years age (Marret 2007).

Moderate quality evidence from one study (sample size 53,078) showed that among children
born at <32 weeks GA the prevalence of hemiplegia was 1.3 % (95%CI 1-1.6%) at age up to
7 years (Hirvonen 2014). In the same study the prevalence of hemiplegia CP was 0.5%
(95%CI 0.4-0.8%) at 32-33 weeks GA, 0.14% (95%CI1 0.11-0.19%) at 34-36 weeks GA, and
0.2% (95%CI 0.16-0.25%) at 32-26 weeks GA (Hirvonen 2014).

Diplegia

Low quality evidence from one study (sample size 104) showed that among children born at
22.3 to 34.9 weeks GA the prevalence of diplegia was 7.2% (95%CI 4.1-11.6%) at 18
months corrected age (Tommiska 2003).

Low quality evidence from one study (sample size 283) showed that among children born at
22-25 weeks GA the prevalence of diplegia was 9.5% (95%CI 6.4-13.6 %) at median 30
months (Wood 2000). In the same study, the prevalence of severe diplegia was 4.2%
(95%Cl 2.2-7.3%).

Very low quality evidence from one study (sample size 167) showed that among children
born at 25-32 weeks GA the prevalence of spastic diplegia was 6% (95%CI 2.9-10.7%) at 2
years (corrected age) (Burguet 1999).

Low quality evidence from one study (sample size 77) showed that among children born at
<27 weeks GA the prevalence of diparesis was 11.7% (95%CI 5.5-21%) at 3 years age (De
Groote 2007).

Low quality evidence from one study (sample size 155) showed that among children born at
<32 weeks GA the prevalence of spastic diplegia was 4.5% (95%CI11.8-9.1%) at 2 years
(corrected age) (Toome 2012).

Moderate quality evidence from one study (sample size 53,078) showed that among children
born at <32 weeks GA the prevalence of diplegia was 3.4 % (95%CI 2.9-3.8%) atage upto 7
years (Hirvonen 2014). In the same study the prevalence of diplegia CP was 0.7% (95%ClI
0.5-0.9%) at 32-33 weeks GA, 0.13% (95%C1 0.10-0.17%) at 34-36 weeks GA, and 0.2%
(95%CI 0.17-0.26%) at 32-26 weeks GA (Hirvonen 2014).

Triplegia

Low quality evidence from one study (sample size 77) showed that among children born at
<27 weeks GA the prevalence of triparesis was 2.6% (95%CI 0.3-9.1%) at 3 years age (De
Groote 2007).
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Diplegia or tetraplegia

Moderate quality evidence from one study (sample size 142) showed that among children
born at a mean GA of 27 weeks, the prevalence of bilateral spastic CP (diplegia or
tetraplegia) was 10.6% (6.0 to 16.8%) at 4 years (Salakorpi 2001).

Tetraplegia

Low quality evidence from one study (sample size 104) showed that among children born at
22.3 to 34.9 weeks GA the prevalence of tetraplegia was 1.9% (95%CI 0.5-4.9%) at 18
months corrected age (Tommiska 2003).

Very low quality evidence from one study (sample size 167) showed that among children
born at 25-32 weeks GA the prevalence of tetraplegia was 1.2% (95%CI 0.2-4.3%) at 2 years
(corrected age) (Burguet 1999).

Quadriplegia

Low quality evidence from one study (sample size 283) showed that among children born at
22-25 weeks GA the prevalence of quadriplegia was 4.2% (95%Cl 2.2-7.3 %) at median 30
months (Wood 2000). In the same study, the prevalence of severe quadriplegia was 3.9%
(95%CI 2.0-6.9%).

Low quality evidence from one study (sample size 77) showed that among children born at
<27 weeks GA the prevalence of quadriplegia was 5.2% (95%CI 1.4-12.8%) at 3 years age
(De Groote 2007).

Moderate quality evidence from one study (sample size 53,078) showed that among children
born at <32 weeks GA the prevalence of quadriplegia was 0.6 % (95%CI 0.4-0.8%) at age up
to 7 years (Hirvonen 2014). In the same study the prevalence of quadriplegia was 0.2%
(95%CI10.1-0.3%) at 32-33 weeks GA, 0.04% (95%CI 0.02-0.06%) at 34-36 weeks GA, and
0.06% (95%CI 0.04-0.08%) at 32-26 weeks GA (Hirvonen 2014).

Dystonic or athetoid type

Moderate quality evidence from one study (sample size 142) showed that among children
born at a mean GA of 27 weeks, the prevalence of dystonic or athetoid CP was 2.8% (95%ClI
0.8 to 7.1%) at 4 years (Salakorpi 2001).

Prevalence of cerebral palsy by week of gestational age

Any cerebral palsy

Low quality evidence from one study (sample size 244) showed that among children born at
23 weeks GA the prevalence of any CP was 100% (95%CI 25 to 100%) at 12 months
corrected age. However, the prevalence was 19.10% (95%CI 12 to 27.9%) for children who
were born at 27 weeks GA (Sutton 1999).

Low quality evidence from one study (sample size 104) showed that among children born at
22-23 weeks GA the prevalence of any CP was 20% (95%CI 0.5 to 71.6%) compared to a
prevalence of 10.6% (95%CI 3.6 to 23.10%) in children who were born at 26 weeks GA,
assessed at the age of 18 months corrected age (Tommiska 2003).

Low quality evidence from one study (sample size 1954) showed that among children born at
24-25 weeks GA the prevalence of any CP was 19.4% (95%CI 10.4 to 31.4%) compared to a
prevalence of 4.4% (95%CI 2.9 to 6.6%) in children who were born at 32 weeks GA,
assessed at the age of 2 years (Ancel 2006).

Moderate quality evidence from one study (sample size 1812) showed that among children
born at 24-25 weeks GA the prevalence of any CP was 18.3% (95%CI 9.5 to 30.4%)
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compared to a prevalence of 4.1% (95%CI 2.6 to 6.2%) in children who were born at 32
weeks GA, assessed at the age of 5 years (Larroque 2008).

Low quality evidence from one study (sample size 1455) showed that among children born at
30 weeks GA the prevalence of any CP was 6.3% (95%CI 3.8 to 9.7%) compared to a
prevalence of 3.7% (95%CI 1.2 to 8.4%) in children who were born at 34 weeks GA,
assessed at the age of 5 years (Marret 2007).

Moderate quality evidence from one study (sample size 6347) showed that among children
born at <32 weeks GA the prevalence of any CP was 8.7% (95%CI 8.0 to 9.4%) compared to
a prevalence of 0.56% (95%CI 0.49 to 0.64%) in children born at 34-36 weeks GA, assessed
at up to the age of 7 years (Hirvonen 2014).

Moderate cerebral palsy

Low quality evidence from one study (sample size 576) showed that among children born at
24 weeks the prevalence of moderate CP was 4.1% (95%CI 1.1 to 10.1%) compared to a
prevalence of 2% (95%CI 0.7 to 4.6%) in children who were born at 26 weeks GA, assessed
at 3 years age (Moore 2012).

Moderate quality evidence from one study (sample size 241) showed that among children
born at <23 weeks the prevalence of moderate CP was 12.5% (95%CI 2.7 to 32.4%)
compared to a prevalence of 5.6% (95%CI 2.4 to 10.7%) in children who were born at 25
weeks GA, assessed at 6 years age (Marlow 2005).

Moderate quality evidence from one study (sample size 306) showed that among children
born at 23-25 weeks GA the prevalence of moderate CP was 4.6% (95%CIl 1.3 to 11.4%)
compared to a prevalence of 2.0% (95%CI 0.4 to 5.7%) in children born at 26-27 weeks GA,
assessed at 5 years age (Leversen 2011).

Moderate to severe cerebral palsy

Low quality evidence from one study (sample size 576) showed that among children born at
22-23 weeks the prevalence of moderate to severe CP (GMFCS 2-5) was 10.5% (95%CI 2.9
to 24.8%) compared to a prevalence of 6.4% (95%CI 3.7 to 10.2%) in children who were
born at 26 weeks GA, assessed at 3 years age (Moore 2012).

Low quality evidence from one study (sample size 1455) showed that among children born at
30 weeks GA the prevalence of moderate to severe CP (bilateral spastic CP) was 4.2%
(95%Cl 2.2 to 7.2%) compared to a prevalence of 1.5% (95%CI 0.2 to 5.3%) in children who
were born at 34 weeks GA, assessed at the age of 5 years (Marret 2007).

Moderate quality evidence from one study (sample size 241) showed that among children
born at <23 weeks the prevalence of moderate to severe CP (ambulatory or non-ambulatory)
was 16.7% (95%CI 4.7 to 37.4%) compared to a prevalence of 9.7% (95%CI 5.4 to 15.8%) in
children who were born at 25 weeks GA, assessed at 6 years age (Marlow 2005).

Moderate quality evidence from one study (sample size 6347) showed that among children
born at <32 weeks GA the prevalence of moderate to severe CP (other types) was 3.5%
(95%CI 3.0 to 4.0%) compared to a prevalence of 0.25% (95%CI 0.2 to 0.3%) in children
born at 34-36 weeks GA, assessed at up to the age of 7 years (Hirvonen 2014).

Severe cerebral palsy

Low quality evidence from one study (sample size 576) showed that among children born at
22-23 weeks the prevalence of severe CP (GMFCS 3-5) was 10.5% (95%CI 2.9 to 24.8%)
compared to a prevalence of 4.4% (95%ClI 2.2 to 7.7%) in children who were born at 26
weeks GA, assessed at 3 years age (Moore 2012).
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Moderate quality evidence from one study (sample size 306) showed that among children
born at 23-25 weeks GA the prevalence of severe CP (GMFCS 4-5) was 9.2% (95%Cl 4.1 to
17.3%) compared to a prevalence of 1.3% (95%CI 0.2 to 4.7%) in children born at 26-27
weeks GA, assessed at 5 years age (Leversen 2011).

Moderate quality evidence from one study (sample size 1455) showed that among children
born at <23 weeks the prevalence of severe CP (non-ambulatory) was 4.2% (95%CI1 0.1 to
21.1%) compared to a prevalence of 4.2% (95%CI 1.5 to 8.9%) in children who were born at
25 weeks GA, assessed at 6 years age. The prevalence among children born at 24 weeks
was higher (11% (95%CI 4.9 to 20.5%) (Marlow 2005).

Prevalence of cerebral palsy using per 1000 or 10,000 live births as denominator

Any cerebral palsy (<28 weeks GA)

Low quality evidence from one study (sample size 2858) showed that among children born at
<28 weeks GA the rate of any CP was 112.7 per 1000 survivors (95%CI 50 to 210)
(Drummond 2002).

Moderate quality evidence from one study (sample size 94,466 live births) showed that
among children born at <28 weeks GA the rate of any CP was 71.4 per 1000 livebirths
(95%C1 42 to 112 per 1000 live births) at 4 to 8 years age (Himmelmann 2014).

Low quality evidence from one study (sample size 46) showed that among children born at
<28 weeks GA the rate of any CP was 72.3 per 1000 live births (95%CI 39 to 120.3 per 1000
live births) at age 4-7 years (Nordmark 2001).

Moderate quality evidence from one study (sample size 975) showed that among children
born at <28 weeks GA the rate of any CP in 1992-1994 was 131 per 1000 live births (95% CI
90-183/1000 live births) at age 2 years (confirmed at 3 years age) (Robertson 2007). In the
same study, the rate of any CP decreased with the time points (years). From 1995-1997 and
1998-2000, the rate was 69 per 1000 live births (95%CI1 41 to 108 per 1000 live births). From
2001-2003 the rate was 19 per 1000 live births (95%CI 6 to 44 per 1000 live births). Over the
whole 11 years of the study, the rate was 70 per 1000 live births (95%CI 55 to 88 per 1000
live births) at 2 years age (Robertson 2007).

Severe cerebral palsy (<28 weeks GA)

Moderate quality evidence from one study (sample size 975) showed that among children
born at <28 weeks GA the rate of non-ambulatory CP in 1992-1994 was 59 per 1000 live
births (95% CI 32-99 per 1000 live births) at age 2 years (confirmed at 3 years age)
(Robertson 2007). In the same study, the rate of any CP decreased with the time points in
years. From 1995-1997 the rate was 16 per 1000 livebirths (95%CI 5-41 per 1000 livebirths)
and from 1998-2000, the rate was 8 per 1000 live births (95%CI 1 to 29 per 1000 live births).
From 2001-2003 the rate was 8 per 1000 live births (95%CI 1 to 27 per 1000 live births).
Over the whole 11 years of the study, the rate was 22 per 1000 live births (95%CI 13 to 33
per 1000 live births) at 2 years age (Robertson 2007).

Any cerebral palsy (28-32 weeks GA)

Low quality evidence from one study (sample size 2858) showed that among children born at
28-32 weeks GA the rate of any CP was 56.3 per 1000 neonatal survivors (95%CI 33 to 90)
(Drummond 2002).

Moderate quality evidence from one study (sample size 94,466 live births) showed that
among children born at 28-32 weeks GA the rate of any CP was 39.6 per 1000 livebirths
(95%CI1 25 to 59 per 1000 live births) at 4 to 8 years age (Himmelmann 2014).
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Low quality evidence from one study (sample size 46) showed that among children born at
28-31 weeks GA the rate of any CP was 32.2 per 1000 live births (95%CI 18.1 to 52.2 per
1000 live births) at age 4-7 years (Nordmark 2001).

Any cerebral palsy (32-36 weeks GA)

Low quality evidence from one study (sample size 189) showed that among children (1991 -
1996 cohortin Norway) born at 33-36 weeks GA the rate of any CP was 13.8 per 1000
livebirths at earliest age of 4 years (Andersen 2011). In the same study the prevalence of any
CP among children (1991-1998 cohort in Italy) was 8.8 per 1000 livebirths whereas in
cohorts from Spain and Ireland the rate was 4 per 1000 livebirths (Andersen 2011).

Low quality evidence from one study (sample size 2858) showed that among children born at
32-36 weeks GA the rate of any CP was 9.6 per 1000 survivors (95%CI 6 to 14) (Drummond
2002).

Moderate quality evidence from one study (sample size 94,466 live births) showed that
among children born at 32-36 weeks GA the rate of any CP was 6.4 per 1000 livebirths
(95%CI 4 to 9 per 1000 live births) at 4 to 8 years age (Himmelmann 2014). For children born
at <37 weeks GA, the rate of any CP was 13 per 1000 live births (95%CI 10 to 16 per 1000
live births).

Low quality evidence from one study (sample size 46) showed that among children born at
32-36 weeks GA the rate of any CP was 4.6 per 1000 live births (95%Cl 2.7 to 7.3 per 1000
live births) at age 4-7 years (Nordmark 2001).

Diplegia or tetraplegia

Moderate quality evidence from one study (sample size 94,466 live births) showed that
among children born at <37 weeks GA the rate of bilateral spastic CP was 7.5 per 1000
livebirths (95%CI 5 to 10 per 1000 live births) at 4 to 8 years age (Himmelmann 2014).

Prevalence of intellectual disability
Less than or equal to 28 completed weeks of gestation

Moderate intellectual disability

Moderate to low quality from 4 studies (sample size range from 165 to 576) showed that
among children born at a range of 23 to 27 weeks GA the prevalence of intellectual disability
(BSIDIII -2SD to -3SD) ranged from 6.4 (95%CI 4.6 to 8.8) to 24% (95%CI 20 to 29) (Doyle
2011; Moore 2012; Anon 1997; Serenius 2013). One further low quality study (sample size
77) used the Dutch version of BSIDII, which showed that the prevalence of intellectual
disability was 10.4% (95%CI 4.6 to 19.5) (MDI 55-69) (De Groote 2007).

Moderate quality evidence from two studies (sample size range from 75 to 1508) showed
that among children born at 24-27 weeks GA or <27 weeks GA the prevalence of intellectual
disability (K-ABC 55-69) was 14.9% (95%Cl 10.5 to 20.2) and 10.7% (95%CI 4.7 to 19.9) at
5 years and 7-9 years respectively (Foix-Helias 2008; Stahlmann 2009).

Moderate quality from one study (sample size 241) showed that among children born at <26
weeks GA the prevalence of intellectual disability (1Q -2 to -3SD on K-ABC, GMDS or
NEPSY) was 19.9% (95%CI 15.1 to 25.5) at 6 years (Marlow 2005).

Moderate quality evidence from one study (sample size 306) showed that among children
born at 22-27 weeks GA the prevalence of intellectual disability (Full scale IQ WPPSI-R 55-
70) was 4.9% (95%Cl 2.8 to 8) at 5 years (Leversen 2011). Low quality evidence from one
study (sample size 141) showed that the prevalence (WISC-IV -2SD to -3SD) was 8.5%
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(95%Cl 4.4 to 14.1) in children born in the same gestational age range but assessed at 8
years (Roberts 2010).

Moderate to severe intellectual disability

Moderate to low quality evidence from 5 studies (sample size ranged from 19 to 1508)
showed that among children born at GA range 24 to 28 weeks GA the prevalence of
intellectual disability (MPC <70 or 1Q <70 K-ABC) ranged from 17.6% (95%CI 12.8 to 23.2) to
41% (95%CI 18 to 67) at a range of 5-9 years (Beaino 2011; Foix-Helias 2008; Larroque
2008; Rieger-Fackeldey 2010; Stahlmann 2009).

Moderate to low quality evidence from 5 studies (sample size ranged from 77 to 3785)
showed that among children born at a GA range 22-27 weeks GA the prevalence of
intellectual disability (BSID <-2SD or MDI <70) ranged from 15.2%(95%Cl 10.1 to 21.6) to
39% (95%CI 37 to 41) at 18-36 months (Doyle 2011; Moore 2012; Anon 1997; Vohr 2005;
De Groote 2007).

Moderate to low quality evidence from two studies (sample size 203 to 1455) showed that
among children born at 22-27 or <27 weeks GA the prevalence of intellectual disability
(WPPSI-R 1Q <70) was 11.8% (95%Cl1 6.2 to 19.7) and 5.6% (95%CI 3.3 to 8.8) respectively
at 5 years (Mikkola 2005; Leversen 2011).

Low quality from one study (sample size 141) showed that among children born at 22-27
weeks GA the prevalence of intellectual disability (WISC-IV 1Q <-2SD) was 14.6% (95%ClI
9.3 to 21.4) at 8 years corrected age (Roberts 2010). Low quality evidence from one other
study showed that the prevalence (using WISC-IIl <70) in 275 children born at <28 weeks
GA was 5.1% (95%Cl 2.8 to 8.4) (Anderson 2003).

Moderate quality evidence from one study (sample size 241) showed that among children
born at <26 weeks the prevalence of intellectual disability (IQ <-2SD [K-ABC, GMDS or
NEPSY]) was 40.7% (95%Cl 34.4 to 47.2) at 6 years (Marlow 2005).

Low quality evidence from one study (sample size 244) showed that among children born at
<27 weeks GA the prevalence of intellectual disability (Griffiths <2SD) was 10.4% (95%ClI
5.8 to 16.8) at 12 months corrected age (Sutton 1999).

Low quality evidence from one study (sample size 1506) showed that among children born at
<28 weeks GA the prevalence of intellectual disability (verbal, DAS Il <=2SD) was 17%
(95%CI 14.5 t0 19.5) and 15% (95%CI 12.7 to 17.6) for non- verbal reasoning (DAS Il
<=2SD) at 10 years (Joseph 2016b).

Severe intellectual disability

Moderate quality evidence from two studies (sample size ranged from 75 to 1508) showed
that among children born at <27 weeks or 24-27 weeks GA the prevalence of intellectual
disability (1Q <55, K-ABC) was 14.7% (95% CI 7.6 to 24.7) and 2.7% (95%CI 1 to 5.8) at 5-9
years (Stahimann 2009; Foix-Helias 2008).

Moderate to low quality evidence from 5 studies (sample size ranged from 77 to 576) showed
that among children born at GA range 23 to 27 weeks the prevalence of intellectual disability
(BSIDIII <-3SD or MDI <55) ranged from 3.6% (95%Cl 1.4 to 7.8) to 18.2% (95%CI 10.3 to
28.6) across the studies (Moore 2012; Anon 1997; De Groote 2007; Serenius 2013; Doyle
2011).

Low quality evidence from one study (sample size 141) showed that among children born at
22-27 weeks GA the prevalence of intellectual disability (1Q <-3SD, WISC-IV) was 6.3%
(95%C1 2.9 to 11.5) at 8 years corrected age (Roberts 2010).
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Moderate quality evidence from one study (sample size 306) showed that among children
born at 22-27 weeks GA the prevalence of intellectual disability (IQ <65, WPPSI-R) was
2.9% (95%CI 1.4 to 5.5) at 5 years (Leversen 2011).

Moderate quality evidence from one study (sample size 241) showed that among children
born at <26 weeks GA the prevalence of intellectual disability (1Q <-3SD, K-ABC, GMDS or
NEPSY) was 20.8% (95%CI 15.8 to 26.4) at 6 years (Marlow 2005).

Moderate quality evidence from one study (sample size 142) showed that among children
born at a mean GA of 27 weeks, the prevalence of intellectual disability (1Q <71 WPPSI) was
4.2% (95%CI 1.6 t0 9.0%) At 4 years (Salakorpi 2001).

28-31 completed weeks of gestation

Moderate intellectual disability

Moderate quality evidence from one study (sample size 1508) showed that among children
born at 28-32 weeks GA the prevalence of intellectual disability (MPC 55-69) was 8.7% (95CI
7.210 10.4) at 5 years (Foix-Helias 2008). In the same study, the prevalence in children born
at 24-32 weeks GA was 9.6% (95%Cl 8.2 to 11.2).

Moderate to severe intellectual disability

Moderate to low quality evidence from 4 studies (sample size ranged from 1455 to 1812)
showed that among children born at a gestational age range of 28-32 weeks the prevalence
of intellectual disability (MPC <70, K-ABC) was similar across the studies (range 8.9%
(95%C17.31t0 10.7) to 12.1% (95%CI 10 to 14.4)) at 5 years (Beaino 2011; Marret 2007;
Foix-Helias 2008; Larroque 2008).

(A number of studies reported intellectual disability in children born at <32 weeks GA. One
study of moderate quality in 3785 children born at 22-32 weeks GA found that the prevalence
for intellectual disability (MDI <70, BSIDIl) was 33.8% (95%CI 32.3 to 35.4) at 18-22 months
corrected age (Vohr 2005).

Low quality evidence from two studies (sample size ranged from 203 to 259) showed that
among children at 23-32 weeks or mean GA 27.3 (2.1) the prevalence of intellectual disability
(IQ<70, WISC-IV or DAS, or 1Q<70, WPPSI-R) was 15.8% (95%Cl 11.6 to 20.9) and 9.4%
(95%CI 5.7 to 14.2) respectively at 5 years (Andrews 2008; Mikkola 2005).

Moderate quality evidence from two studies (sample size ranged from 1508 to 1812) showed
that among children born at 24-32 weeks and <33 weeks GA the prevalence was the same
(11.9% (95%CI 10.3 to 13.7)) at 5 years (Foix-Helias 2008; Larroque 2008).

Moderate quality evidence from one study (sample size 402) showed that among children
born at <32 weeks GA/<1500g the prevalence of intellectual disability (IQ<-2SD, revised
Amsterdam Child Intelligence Test) was 6.2% (95%CI 4.1 to 9) at 5 years (de Kleine 2003).

Moderate quality evidence from one study (sample size 3785) showed that among children
born at 27-32 weeks GA the prevalence of intellectual disability (MDI <70, BSIDIl) was 25.9%
(95%CI 23.7 to 28.2) at 18-22 months corrected age (Vohr 2005). Another study reported a
prevalence of 17% (95%CI 11 to 24) at <32 weeks GA (Cognitive delay, <2SD BSID)
(Toome 2012).

Low quality evidence from one study (sample size 347) showed that among children born at
<33 weeks GA the prevalence of intellectual disability (DQ <70, Brunet-Lezine) was 2.3%
(95%CI 1 to 4.5) at 2 years (corrected age) (Charkaluk 2010).
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Severe intellectual disability

Moderate quality from one study (sample size 1508) showed that among children born at 28-
32 weeks GA the prevalence of intellectual disability (MPC <55) was 2.3% (95%CI 1.5 to 3.2)
at 5 years (Foix-Helias 2008). In the same study, the prevalence in children born at 24-32
weeks GA was 2.3% (95%CI 1.6 to 3.2).

32-36 completed weeks of gestation

Moderate to severe intellectual disability

Low quality evidence from one study (sample size 646) showed that among children born at
32-34 weeks GA the prevalence of intellectual disability (MPC<70) was 7.6% (95%C15.7 to
9.9) at 5 years (Marret 2007).

Prevalence of intellectual disability by week of gestational age

Moderate intellectual disability

Low quality evidence from one study (sample size 576) showed that among children born at
22-23 weeks GA the prevalence of moderate intellectual disability (BSIDII -2 to -3 SD) was
13.2% (95%CI 4.4 to 28.1%) compared to a prevalence of 4.4% (95%Cl| 2.2 to 7.7%) in
children born at 26 weeks GA, assessed at 3 years age (Moore 2012).

Moderate quality evidence from one study (sample size 306) showed that among children
born at 23-25 weeks GA the prevalence of moderate intellectual disability (full scale 1Q 55-
70, WPPSI-R) was 6.9% (95%CI 2.6 to 14.4%) compared to a prevalence of 2.6% (95%ClI
0.7 to 6.6%) in children born at 26-27 weeks GA, assessed at 5 years age (Leversen 2011).

Moderate quality evidence from one study (sample size 241) showed that among children
born at <23 weeks GA the prevalence of intellectual disability (1Q -2 to -3 SD, KABC GMDS
or NEPSY) was 33.3% (95%CI 15.6 to 55.3%) compared to a prevalence of 18.8% (95%ClI
12.7 t0 26.1%) in children born at 25 weeks GA, assessed at 6 years age (Marlow 2005).

Moderate to severe intellectual disability

Low quality evidence from one study (sample size 244) showed that among children born at
23 weeks GA the prevalence of moderate to severe intellectual disability (major
developmental delay, Griffiths <2SD) was 100% (95%CI 25 to 100%) compared to a
prevalence of 3.9% (95%CI 0.81 to 11%) in children born at 26 weeks GA, assessed at 12
months corrected age (Sutton 1999).

Low quality evidence from one study (sample size 576) showed that among children born at
22-23 weeks GA the prevalence of moderate to severe intellectual disability (cognitive
impairment BSIDIII <-2SD) was 31.6% (17.5 to 48.7%) compared to a prevalence of 12.0%
(95%CI 8.2 to 16.6%) in children born at 26 weeks GA, assessed at 3 years (Moore 2012).

Low quality evidence from one study (sample size 1503) showed that among children born at
24-26 weeks GA the prevalence of moderate to severe intellectual disability (MPC<70,
KABC) was 15.7% (95%CI 9.2 to 24.2) compared to a prevalence of 8.9% (95%Cl 6.2 to
12.0%) in children born at 31-32 weeks GA, assessed at 5 years (Beaino 2011).

Moderate quality evidence from one study (sample size 306) showed that among children
born at 23-25 weeks GA the prevalence of moderate to severe intellectual disability (full
scale 1Q <70, WPPSI-R) was 9.2% (95%CI 4.1 to 17.3%) compared to a prevalence of 2.6%
(95%CI 0.7 to 6.6%) in children born at 26-27 weeks GA, assessed at 5 years (Leversen
2011).
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Moderate quality evidence from one study (sample size 1534) showed that among children
born at 24-25 weeks GA the prevalence of moderate to severe intellectual disability (MPC
<70, KABC) was 12.5% (95%ClI 4.7 to 25.3%) compared to a prevalence of 10.7% (95%ClI
7.5 1o 14.6%) in children born at 32 weeks GA. However, the prevalence was higher in
children born at 26 weeks GA (prevalence 21.1% (95%CIl 11.4 to 33.9%), 27 weeks
(prevalence 18.6% (95%CI 12.1 to 26.9%), and 28 weeks GA (prevalence 20.7% (95%ClI
14.5 to 28%) (Larroque 2008).

Low quality evidence from one study (sample size 1455) showed that among children born at
30 weeks GA the prevalence of moderate to severe intellectual disability (MPC <70, KABC)
was 9.9% (95%CI 6.5 to 14.3%) compared to a prevalence of 5.3% (95%CI| 2.0 to 11.2%) in
children born at 34 weeks GA, assessed at 5 years (Marret 2007).

Moderate quality evidence from one study (sample size 241) showed that among children
born at <23 weeks GA the prevalence of moderate to severe intellectual disability (IQ<-=2SD,
KABC GMDS or NEPSY) was 58.3% (95%CI 36.6 to 77.9%) compared to a prevalence of
35.4% (95%CI 27.6 to 43.8%) in children born at 25 weeks GA, assessed at 5 years (Marlow
2005).

Severe intellectual disability

Low quality evidence from one study (sample size 576) showed that among children born at
22-23 weeks GA the prevalence of severe intellectual disability (cognitive impairment,
BSIDIII <-3SD) was 18.4% (95%CI 7.7 to 34.3%) compared to a prevalence of 7.6% (95%ClI
4.6 to 11.6%) in children born at 26 weeks GA, assessed at 3 years age (Moore 2012).

Moderate quality evidence from one study (sample size 306) showed that among children
born at 23-25 weeks GA the prevalence of severe intellectual disability (full scale 1Q <55,
WPPSI-R) was 4.6% (95%CI 1.3 to 11.4%) in children born at 26-27 weeks GA, assessed at
5 years age (Leversen 2011).

Moderate quality evidence from one study (sample size 241) showed that among children
born at <23 weeks GA the prevalence of severe intellectual disability (IQ <-3SD, KABC,
GMDS or NEPSY) was 25.0% (95%CI 9.8 to 46.7%) compared to a prevalence of 16.7%
(95%CI 11 to 23.8%) in children born at 25 weeks GA, assessed at 6 years (Marlow 2005).

Prevalence of speech and/or language disorder
< 28 completed weeks of gestation

Moderate and severe speech and/or language disorder

Moderate quality evidence from one study (sample size 456) showed that among children
born at <27 weeks GA the prevalence of moderate language impairment (-2 to -3SD BSIDIII)
was 9.4% (95%CI1 6.7 to 12.7) (Serenius 2013).

Low quality evidence from one study (sample size 576) showed that among children born at
<27 weeks GA the prevalence of moderate communication impairment (-2SD to -3SD
BSIDIII) was 5.4% (95%CI 3.7 to 7.6) at 3 years age (Moore 2012). In the same study, there
was a prevalence of 11.6% (95%CI 9.1 to 14.5) in children with moderate to severe
impairment (<=2SD BSIDIII).

Low quality evidence from one study (sample size 283) showed that among children born at
22-25 weeks GA the prevalence of severe speech/communication impairment ranged from
1.10% to 5.3% depending on whether they could communicate by a systemised method or
not at 30 months (median) (Wood 2000).
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Developmental follow-up of children and young people born preterm
Risk and prevalence of developmental problems and disorders

Low quality evidence from one study (sample size 241) showed that among children born at
less tha or equal to 25+6 weeks GA the prevalence for total severe impairment (PLS <2SD)
was 15.6% (95%CI 10.8 to 21.4) at a median age of 6 years (Wolke 2008). However, the
prevalence of severe communication impairment and severe language impairment in children
(sample size ranged from 456 to 576) born at <27 weeks was lower in two studies of
moderate to low quality (6.30% (95%CI 4.4 to 8.6) and 6.60% (95%CI 4.4 to 9.5)
respectively) at the age of 2.5 to 3 years age (Serenius 2013; Moore 2012).

Low quality evidence from one study (sample size 576) showed that among children born at
22-23 weeks GA the prevalence of moderate communication impairment (-2 to -3 SD BSID
1) was 10.5% (95%CI 2.3 to 24.8) compared to 4.4% (95%Cl 2.2 to 7.7) at 26 weeks GA (at
the age of 3 years). A similar trend was observed when severe communication impairment
was assessed (<-3SD BSIDIII), with prevalence increasing with decreasing gestational age
by week. At 22-23 weeks GA, the prevalence was 15.8% (95%CI 6 to 31.3) (Moore 2012)
compared to the prevalence at 26 weeks GA, which was 4% (95%CI 1.9 to 7.2) (Moore
2012).

For moderate to severe impairment, there was a similar trend, prevalence in the 22-23 GA
group was 26.5% (95%CI113.4 to 43.1) compared to 8.4% (95% CI 5.3 to 12.5) in the 26
weeks GA group (Moore 2012).

28-31 completed weeks of gestation

Low quality evidence from one study (sample size 155) showed that among children born at
<32 weeks GA the prevalence of moderate language delay (<2SD BSIDIIl) was 33% (95%ClI
26 to 41) at 2 years (corrected age) (Toome 2012).

Prevalence of speech and language disorder by week of gestation

Moderate speech and language disorder

Low quality evidence from one study (sample size 576) showed that among children born at
22-23 weeks GA the prevalence of moderate speech/language disability (communication
impairment, BSIDII -2 to -3 SD) was 10.5% (95%CI 2.9 to 24.8%) compared to a prevalence
of 4.4% (95%CI 2.2 to 7.7%) in children born at 26 weeks GA, assessed at 3 years (Moore
2012).

Moderate to severe speech and language disorder

Low quality evidence from one study (sample size 576) showed that among children born at
22-23 weeks GA the prevalence of moderate to severe speech/language disability
(communication impairment, BSIDII <-2 SD) was 26.3% (95%CI 13.4 to 43.1%) compared to
a prevalence of 8.4% (95%CI 5.3 to 12.5%) in children born at 26 weeks GA, assessed at 3
years (Moore 2012).

Severe speech and language disorder

Low quality evidence from one study (sample size 576) showed that among children born at
22-23 weeks GA the prevalence of severe speech/language disability (communication
impairment, BSIDIl <-3 SD) was 15.8% (95%CI 6.0 to 31.3%) compared to a prevalence of
4.0% (95%Cl1 1.9 to 7.2%) in children born at 26 weeks GA, assessed at 3 years (Moore
2012).
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Developmental follow-up of children and young people born preterm
Risk and prevalence of developmental problems and disorders

Prevalence of attention deficit hyperactivity disorder

Less than or equal to 28 completed weeks of gestation

Low quality evidence from two studies (sample size 205 to 219) showed that among children
born at <26 weeks GA and x adolescents born at <28 weeks GA the prevalence of ADHD
(including any type, DAWBA or ChIPs) was 11.5% (95%Cl 7.3 to 17) at the age of 11 years
and 14.6% (95%CI 10 to 20.2) at the age of 18 years respectively. In the same two studies,
the prevalence of ADHD (combined) was 4.4% (95%CI1 1.9 to 8.4) and 3.4% (95% Cl 1.4 to
7) respectively at the ages of 11 years and at 18 years. Prevalence of ADHD (inattentive) in
the two studies was 10.7% (95%CI 6.9 to 16) at the age of 11 years and 7.1% (95%CI 3.8 to
11.8) at the age of 18 years (Johnson 2010; Burnett 2014).

Low quality evidence from one study of (sample size 205) showed that among children born
at <26 weeks GA the prevalence of ADHD (hyperactive/impulsive, ChIPs) was 0.5% (95%CI
0.01 to 2.7) at the age of 18 years (Burnett 2014).

Prevalence of autism spectrum disorder

Less than or equal to 28 completed weeks of gestation

Low quality evidence from one study (sample size 219) showed that among children born at
<26 weeks GA the prevalence of ASD (any) was 8% (95%Cl 4.6 to 12.6) at the age of 11
years. In the same study, the prevalence of autistic disorder was 6.5% (95%CI 3.5 to 10.8)
and for atypical autism, the prevalence was 1.5% (95%CI 0.3 to 4.3) (Johnson 2010).

Moderate quality evidence from one study (sample size 857) showed that among children
born at <28 weeks GA the prevalence of ASD (ADI-R and ADOS-2) was 9.2% (95%CI 7.4 to
11.4%) and 7.1% (95%CI 5.5 to 9.0) respectively at 10 years age (Joseph 2016a).

Prevalence of specific learning difficulty

Less than or equal to 28 completed weeks of gestation

Low quality evidence from one study (sample size 219) showed that among children born at
<26 weeks GA the prevalence reading impairment (WIAT-1l <-2SD) was 30.2% (95%CI 24.1
to 36.9) at the age of 11 years (Johnson 2011). However, in another study of low quality, 275
children who were born at <28 weeks GA had a lower prevalence of reading impairment
(WRAT 3 <70) was lower (5.8% (95%CI 3.4 to 9.3)) when assessed at the age of 8 years
(Anderson 2003). In the same two studies, there was a higher prevalence of arithmetic
impairment (43.7% (95%CI 37 to 50.6)) in children born at <26 weeks GA compared with a
prevalence of 6.6% (95%CI 4 to 10.2) in children born at <28 weeks GA (Johnson 2011;
Anderson 2003)

Low quality evidence from one study (sample size 257) showed that among children born at
<28 weeks GA the prevalence of spelling impairment was 2.5% (95%CI 1 to 5.2) assessed at
the age of 8 years (Anderson 2003).

Low quality evidence from one study (sample size 1506) showed that among children born at
<28 weeks GA the prevalence of academic achievement (WIAT-IIl <=-2SD) was 14%
(95%CI 11.7 to 16.5) for word reading, 16% (95%CI 13.7 to 18.6) for pseudoword decoding,
14% (95%Cl 11.7-16.5) for spelling, and 17% (95%CI 14.5 to 19.6) for numeric operations
when assessed at the age of 10 years (Joseph 2016b).
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Developmental follow-up of children and young people born preterm
Risk and prevalence of developmental problems and disorders

28-31 completed weeks of gestation

Low quality evidence from one study (sample size 135) showed that among children born at
<33 weeks GA the prevalence of delayed numerical skills (TEDI-MATH <40) was 20%
(95%Cl 13.6 to 27.8) (at the age of 8 years (Kiechl-Kohlendorfer 2013).

Prevalence of developmental coordination disorder

Less than or equal to 28 completed weeks of gestation

Low quality evidence from one study (sample size 298) showed that among children born at
22-27 weeks GA the prevalence of DCD was higher in a cohort born in 1997 (16% (95%ClI
10.1 to 23.3)) compared to a cohort born in 1991 (sample size 298) (10% (95%CI 6.9 to
14.1)) (Roberts 2011).

28-31 completed weeks of gestation

Moderate to low quality evidence from two studies (sample size ranged from 280 to 402)
showed that among children at <32 weeks GA the prevalence of DCD or motor delay was
22.3% (95%CI 18.3 to 26.7) at the age of 5 years and 30.7% (95%CI 25.4 to 36.5) at the age
of 7-8 years. (de Kleine 2003; Foulder-Hughes 2003).

Moderate quality evidence from one study (sample size 168) showed that among children
born between 24-31 weeks GA the prevalence of motor deficit was 17.9% (95%CI 12.4 to
24.5) at the age of 5 years (Agerholm 2011).

32-36 completed weeks of gestation

Prevalence of mental and behavioural disorders

Less than or equl to 28 completed weeks of gestation

Low quality evidence from one study (sample size 219) showed that among children born at
<26 weeks GA the prevalence of emotional disorder (any) was highest among 11 year olds
(9% (95%CI 5.4 to 13.6)), compared to conduct disorder (any), oppositional defiant disorder
(5.5% (95%Cl1 2.9 to 9.4) and 5% (95%CI 2.5 to 8.8)), specific phobia (2.5% (95%CI 0.8 to
5.7)), or a number of disorders including specific phobia or social phobia, PTSD, generalised
anxiety, disorder, childhood emotional disorder, and major depression (prevalence range
from 0.5%(95%C1 0.01 to 2.8) to 2% (95%CI 0.5 to 5)) (DAWBA, Johnson 2011).

Low quality evidence from one study (sample size 205) showed that among children born at
<28 weeks GA the prevalence of anxiety/mood disorder was highest (21% (95%CI 15.6 to
27.2)) in adolescents compared to mood disorder (16.1% (95%CI 11.4 to 22)), major
depressive disorder (13.7% (95%CI 9.3 to 19.1)), anxiety disorder (BAI/CESD-R) (11.2%
(95%CI 7.3 to 16.4)), co-morbid disorder (6.3% (95%CI 3.4 to 10.6)) and obsessive
compulsive disorder (2% (95%CI 0.5 to 5)) (DSM-IV axis |, Burnett 2014).

Prevalence of visual impairment

< 28 completed weeks of gestation

Moderate quality evidence from one study (sample size 456) showed that among children
born at <27 weeks GA the prevalence of visual impairment (any) was 3.7% (95%Cl 2.2 to
5.9) at 2.5 years corrected age (Serenius 2013).
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Developmental follow-up of children and young people born preterm
Risk and prevalence of developmental problems and disorders

Moderate visual impairment

Moderate quality evidence from one study (sample size 241) showed that among children
born at <26 weeks GA the prevalence of visual impairment (impaired but not blind) was 4.6%
(95%Cl 2.3 to 8) at 6 years age (Marlow 2005).

Low quality evidence from one study (sample size 576) showed that among children born at
<27 weeks GA the prevalence of visual impairment (functionally impaired vision) was 5.9%
(95%Cl 4.1 to 8;2) at 3 years age (Moore 2012).

Moderate quality evidence from one study (sample size 456) showed that among children
born at <27 weeks GA the prevalence of visual impairment (moderate impairment) was 2.9%
(95% Cl 1.5 to 4.8) at 2.5 years corrected age (Serenius 2013).

Moderate to severe visual impairment

Moderate quality evidence from one study (sample size 3785) showed that among children
born at 22-26 weeks GA the prevalence of unilateral blindness was 2.7% (95%CI 2 to 3.4) at
18-22 months corrected age (Vohr 2005).

Moderate quality evidence from one study (sample size 242) showed that among children
born at <28 weeks GA the prevalence of moderate to severe visual deficiency (<3/10, one or
both eyes) was 7% (95%Cl1 4.1 to 11) at 5 years age (Larroque 2008).

Moderate quality evidence from one study (sample size 241) showed that among children
born at <26 weeks GA the prevalence of visual impairment (impaired or blind) was 7.1%
(95%Cl1 4.2 to 11.1) at 6 years age (Marlow 2005).

Low quality evidence from one study (sample size 576) showed that among children born at
<27 weeks GA the prevalence of impaired vision (blind or functionally impaired) was 6.9%
(95%CI 5 t0 9.3) at 3 years (Moore 2012).

Low quality evidence from one study (sample size 77) showed that among children born at
<27 weeks GA the prevalence of visual impairment (little useful vision) was 9.1% (95%CI 3.7
to 17.8) at 3 years age (de Groote 2007).

Low quality evidence from one study (sample size 88) showed that among children born at
<28 weeks the prevalence of severe visual impairment (uni- or bilateral blindness or visual
acuity <20/200 without glasses in at least one eye) was 12.5% (95%CI 6.4 to 21.3) at 11
years (Farooqi 2011).

Moderate quality evidence from two studies (sample size 306) showed that among children
born at either 22-27 weeks GA or 23-25 weeks the prevalence for severe visual impairment
was 0.3% (95%CI 0.01 to 1.8) and 1.2% (95%CI 0.03 to 6.2) respectively at 5 years
(Leversen 2011).

Low quality evidence from one study (sample size 283) showed that among children born at
22-25 weeks GA the prevalence of severe visual impairment (blind or perceives light) was
2.5% (95%CI 1 to 5) at 30 months (median) (Wood 2000).

Moderate quality evidence from one study (sample size 411) showed that among children
born at <27 weeks GA the prevalence of visual impairment (blind or able to only fixate and
follow light binocularly) was 3.1% (95%CI 1.6 to 5.3) at 30 months corrected age (Holmstrom
2014).

Low quality evidence from one study (sample size 77) showed that among children born at
<27 weeks GA the prevalence of visual impairment (no useful vision) was 2.6% (95%CI 0.9
to 9.1) at 3 years age (De Groote 2007).
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Developmental follow-up of children and young people born preterm
Risk and prevalence of developmental problems and disorders

Low quality evidence from two studies (sample size ranged from 189 to 219) showed that
among children born at 23-27 weeks GA and 22-27 weeks GA the prevalence for blindness
(<6/60 in both eyes) was 2.3% (95%CI1 0.8 to 5.3) and 1.6% (95%CI1 0.3 to 4.6) at 2 years
and 8 years (corrected) respectively (Anon 1997; Anderson 2011).

Moderate to low quality evidence from three separate studies (sample size ranged from 306
to 373) showed that among children born at 22-27 weeks GA and also 23-25 weeks GA the
prevalence for blindness was varied, ranging from 5.8% (95%CI 1.9 to 12.9) in the lower GA
group (Leversen 2011), and 1.6% (95%CI ranged from 0.5 to 3.8) in the two 22-27 GA
groups (Leversen 2010; Leversen 2011).

Moderate to very low quality evidence from 8 studies (sample size ranged from 19 to 3785)
showed that among children born at various gestational ages (ranging from <26 weeks to
<28 weeks) the prevalence of blindness was varied, ranging from 0.9% (95%CI 0.24 to 2.3)
to 11% (95%CI 1.3 to 33) (Vohr 2005; Roberts 2010; Marlow 2005; Moore 2012; Hutchinson
2013; Serenius 2013; Anderson 2003; Rieger-Fackeldey 2010).

Low quality evidence from one study (sample size 1506) showed that among children born at
<28 weeks GA the prevalence of severe visual impairment (functional blindness) was 0.8%
(95%CI1 0.3 to 1.7) at 10 years (Joseph 2016Db).

28-31 completed weeks of gestation

Moderate to severe visual impairment

Low quality evidence from one study (sample size 1455) showed that among children born at
30-31 weeks GA the prevalence of visual impairment (visual acuity <3/10 in both eyes) was
1.5% (95%CI1 0.7 to 2.8) at 5 years (Marret 2007)

Moderate quality evidence from one study (sample size 3785) showed that among children
born at 27-32 weeks GA found that the prevalence of visual impairment (unilateral blindness)
was 1.3% (95%CI 0.8 to 2) at 18-22 months corrected age (Vohr 2005).

Moderate quality evidence from one study (sample size 971) showed that among children
born at 28-31 weeks GA the prevalence of moderate to severe visual deficiency (<3/10 in
one or both eyes) was 2.1% (95%CI 1.3 to 3.2) at 5 years age (Larroque 2008).

Studies reporting vision impairment at <32 weeks of gestation

Moderate quality evidence from one study (sample size 3785) showed that among children
born at 22-32 weeks GA the prevalence of unilateral blindness was 2.1% (95%CI 1.7 to 2.6)
at 18-22 months corrected age (Vohr 2005).

Moderate quality evidence from one study (sample size 1697) showed that among children
born at <33 weeks GA the prevalence of moderate to severe visual deficiency (<3/10 in one
or both eyes) was 2% (95%Cl 1.4 to 2.8) at 5 years (Larroque 2008).

Low quality evidence from one study (sample size 93) showed that among children born at
<32 weeks GA the prevalence of visual impairment (worst eye blind or able to fixate torch)
was 2.2% (95%CI 0.3 to 7.6) at 2.5 years corrected age (Hreinsdottir 2013).

Low quality evidence from one study with (sample size 155) showed that among children
born at <32 weeks GA found that the prevalence of visual impairment (moderately
reduced/blindness) was 0.64% (95%CI 0.02 to 3.5) at 2 years (corrected age) (Toome 2012).
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Developmental follow-up of children and young people born preterm
Risk and prevalence of developmental problems and disorders

Severe visual impairment

Moderate quality evidence from on study (sample size 3785) showed that among children
born at 27-32 weeks GA the prevalence of visual impairment (bilateral blindness) was 0.7%
(95%CI1 0.3 to 1.2) at 18-22 months corrected age (Vohr 2005). In the same study, the
prevalence of bilateral blindness in children born at 22-32 weeks GA was 1.2% (95%CI 0.9 to
1.6) (Vohr 2005).

Low quality evidence from one study (sample size 93) showed that among children born at
<32 weeks GA the prevalence of visual impairment (best eye blind or only able to fixate a
torch) was 1.1% (95%CI 0.03 to 5.9) at 2.5 years corrected age (Hreinsdottir 2013).

32-36 completed weeks of gestation

Moderate to severe visual impairment

Low quality evidence from on study (sample size 1455) showed that among children born at
32-24 weeks GA the prevalence of visual impairment (visual acuity <3/10 in both eyes) was
1.7% (95%CI1 0.9 to 3) at 5 years age (Marret 2007).

Prevalence of visual impairment by week of gestation

Moderate visual impairment

Low quality evidence from one study (sample size 576) showed that among children born at
22-23 weeks GA the prevalence of moderate visual impairment (functionally impaired vision)
was 15.8% (95%CI 6.0 to 31.3%) compared to a prevalence of 3.2% (95%CI 1.4 to 6.2%) in
children born at 26 weeks GA, assessed at 3 years (Moore 2012).

Moderate quality evidence from one study (sample size 241) showed that among children
born at <23 weeks GA the prevalence of moderate visual impairment (visually impaired, not
blind) was 8.3% (95%CI 1.0 to 27.0%) compared to a prevalence of 2.8% (95%CI 0.8 to
7.0%) in children born at 25 weeks GA, assessed at 6 years age (Marlow 2005).

Moderate quality evidence from one study (sample size 494) showed that among children
born at 22-23 weeks GA the prevalence of visual impairment (any; best estimated visual
acuity <20/40) was 23.8% (95%CI 12 to 40) compared to a prevalence of 13.4% (95%CI 6.9
to 22.7) at 24 weeks GA, prevalence of 7% (95%CI 3.4 to 12.6) at 25 weeks GA, and a
prevalence of 5.1% (95%CI 2.1-1-.2) at 26 weeks GA (Hellgren 2016).

Moderate to severe visual impairment

Low quality evidence from one study (sample size 576) showed that among children born at
22-23 weeks GA the prevalence of moderate to severe visual impairment (functionally
impaired vision) was 18.4% (95%CI 7.7 to 34.3%) compared to a prevalence of 4.4% (95%ClI
2.2 t0 7.7%) in children born at 26 weeks GA, assessed at 3 years (Moore 2012).

Low quality evidence from on study (sample size 1455) showed that among children born at
30 weeks GA the prevalence of moderate to severe visual impairment (visual acuity <3/10 in
both eyes) was 0.7% (95%CI 0.1 to 2.6) compared to a prevalence of 0.8% (95%CI 0.02 to
4.1%) in children born at 34 weeks GA. The prevalence was higher at GA 31 weeks (2.2%
(95%CI 0.8 to 4.3%), and 33 weeks GA (2.3% (95%CI 0.5 to 6.5%), assessed at 5 years age
(Marret 2007).

Moderate quality evidence from one study (sample size 1817) showed that among children
born at 24-25 weeks GA the prevalence of moderate to severe visual impairment (<3/10 one
or both eyes) was 9.3% (95%CI 3.1 to 20.3%) compared to a prevalence of 1.9% (95%C1 0.9
to 3.5%) in children born at 32 weeks GA, assessed at 5 years age (Larroque 2008).
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Developmental follow-up of children and young people born preterm
Risk and prevalence of developmental problems and disorders

Moderate quality evidence from one study (sample size 241) showed that among children
born at <23 weeks GA the prevalence of moderate to severe visual impairment (visually
impaired, or blind) was 16.7% (95%CI 4.7 to 37.4%) compared to a prevalence of 3.5%
(95%Cl 1.1 to 7.9%) in children born at 25 weeks GA, assessed at 6 years age (Marlow
2005).

Severe visual impairment

Moderate quality evidence from one study (sample size 411) showed that among children
born at 22-23 weeks GA the prevalence of severe visual impairment (blind or able to only
fixate and follow light binocularly) was 4.8% (95%CI 0.6 to 16.2%) compared to a prevalence
of 1.4% (95%CI 0.2 to 4.8%) in children born at 26 weeks GA, assessed at 30 months
corrected age (Holmstrom 2014).

Low quality evidence from one study (sample size 576) showed that among children born at
22-23 weeks GA the prevalence of visual impairment (blindness) was 2.6% (95%CI 0.1 to
13.8%) compared to a prevalence of 1.2% (95%CI 0.3 to 3.5%) in children born at 26 weeks
GA, assessed at 3 years (Moore 2012).

Moderate quality evidence from one study (sample size 241) showed that among children
born at <23 weeks GA the prevalence of severe visual impairment (blindness) was 8.3%
(95%Cl1 1.0 to 27.0%) compared to a prevalence of 0.7% (95%CI 0.02 to 3.8%) in children
born at 25 weeks GA assessed at 6 years age (Marlow 2005).

Prevalence of visual impairment using per 1000 or 10,000 live births as denominator

Moderate to severe visual impairment (<28 weeks GA)

Very low quality evidence from one study (sample size 172, 584 livebirths) showed that
among children born at <28 weeks GA the prevalence of moderate to severe visual
impairment (<=6/18 in better eye or worse) was 182.5 cases per 10,000 livebirths (95%CI
102.5 t0 299.1) at 12 years (Bodeau-Livinec 2007).

Moderate to severe visual impairment (28-31 weeks GA)

Very low quality evidence from one study (sample size 172, 584 livebirths) showed that
among children born at 29-32 weeks GA the prevalence of moderate to severe vision
impairment (<=6/18 in better eye or worse) was 37.1 cases per 10,000 livebirths (95%CI 14.9
to 76.2)at 12 years age (Bodeau-Livinec 2007).

Moderate to severe visual impairment (32-36 weeks GA)

Very low quality evidence from one study (sample size 172, 584 livebirths ) showed that
among children born at 33-36 weeks GA the prevalence of moderate to severe vision
impairment (<=6/18 in better eye or worse) was 27 cases per 10,000 livebirths (95%CI1 17.3
to 40.1) at 12 years age (Bodeau-Livinec 2007).

Prevalence of hearing impairment
Less than or equal to 28 completed weeks of gestation

Moderate hearing impairment

Moderate quality evidence from one study (sample size 241) showed that among children
born at <26 weeks GA, the prevalence of hearing loss (corrected with hearing aids) was
2.9% (95%CI 1.2 to 5.9) when assessed at 6 years age (Marlow 2005).
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Developmental follow-up of children and young people born preterm
Risk and prevalence of developmental problems and disorders

Low quality evidence from one study (sample size 576) showed that among children born at
<27 weeks GA the prevalence of hearing loss (improved by aids) was 5.2% (95%CI 3.5 to
7.4) when assessed at 3 years age (Moore 2012).

Low quality evidence from one study (sample size 77) showed that among children born at <
27 weeks GA the prevalence of hearing impairment (but useful hearing) was 3.9% (95%CI
0.8 to 11) (De Groote 2007).

Moderate to severe hearing impairment

Low quality evidence from one study (sample size 141) showed that among children born at
22-27 weeks GA the prevalence of hearing impairment was 2.1% (95%CI 0.4 to 6) at 8 years
corrected age (Roberts 2010).

Moderate quality evidence from one study (sample size 241) showed that among children
born at <26 weeks the prevalence of moderate to severe hearing impairment was 5.8%
(95%CI 3.2 to 9.6) at 6 years (Marlow 2005). In another study of low quality with 576 children
born at <27 weeks GA the prevalence for severe hearing impairment was 5.4% (95%CI 3.7
to 7.6) at 3 years (Moore 2012).

Low quality evidence from one study (sample size 19) showed that among children born at
mean 25.4 weeks GA the prevalence of hearing impairment (requiring hearing aid) was 11%
(95%Cl1 1.3 to 33) at 5 years age (Rieger-Fackeldey 2010). Ten other studies (sample size
ranged from 77 to 3785) of moderate to very low quality assessing hearing impairment or
deafness (requiring hearing aids) in children born at a range of 22-28 weeks GA found that
the prevalence was lower but varied, ranging from 0.7% (95%Cl 0.14 to 2) to 5.7% (95%CI
1.9 t0 12.8) (Farooqi 2011; Leversen 2011; Vohr 2005; Doyle 2011; Anderson 2011; De
Groote 2007; Hutchinson 2013; Wood 2000; Serenius 2013; Anderson 2003).

Severe hearing impairment

Low quality evidence from one study (sample size 283) showed that among children born at
22-25 weeks GA the prevalence of severe hearing impairment (uncorrected without hearing
aid) was 5.3% (95%CI 3.0 to 8.6) at 30 months (median) (Wood 2000).

Low quality evidence from one study (sample size 373) showed that among children born at
22-27 weeks GA the prevalence of deafness was 0.8% (95%CI 0.1 to 2.7) at 2 years
(corrected age) (Leversen 2010). In another study (sample size 401) of low quality, the
prevalence of deafness was 0.9% (95%CI 0.1 to 3.3) in children assessed at 2 years (Anon
1997). Prevalence of deafness was 0.2% (95%CI1 0.01 to 1.2) in children (sample size 456)
born at <27 weeks GA (moderate quality, Serenius 2013). At 5 years age, the prevalence of
deafness was 1.0% (95%CI 0.2 to 2.8) in children (sample size 306) born at 22-27 weeks GA
(moderate quality study, Leversen 2011).

Low quality evidence from one study (sample size 261) showed that among children born at
<28 weeks GA the prevalence of severe hearing deficiency (>70 decibels in one or both ears
or hearing aid) was 0.8% (95%CI 0.1 to 2.7) at 5 years age (Larroque 2008).

Low quality evidence from one study (sample size 576) showed that among children born at
<27 weeks GA the prevalence of profound sensorineural hearing loss (not improved by aids)
was 0.2% (95%CI 0.1 to 1) at 3 years age (Moore 2012). In another moderate quality study
(sample size 241) children born at <26 weeks GA found that the prevalence of profound
sensorineural hearing loss was 2.9% (95%CI 1.2 to 5.9) at 6 years age (Marlow 2005).
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28-31 completed weeks of gestation

Moderate to severe hearing impairment

Moderate quality evidence from one study (sample size 3785) showed that among children
born at 27-32 weeks GA the prevalence of permanent hearing loss (amplification in both
ears) was 1.4% (95%CI1 0.9 to 2.1) at 18-22 months corrected age (Vohr 2005).

Low quality evidence from one study (sample size 1455) showed that among children born at
30-31 weeks GA the prevalence for hearing loss >70 decibels was 0.30% (95%CI 0.04 to
1.1) at 5 years (Marret 2007).

Severe hearing impairment

Moderate quality evidence from one study (sample size 1020) showed that among children
born at 28-31 weeks GA the prevalence for severe hearing deficiency (>70 decibels in one or
both ears or hearing loss) was 0.5% (95%CI 0.2 to 1.1) at 5 years age (Larroque 2008).

Prevalence of hearing impairment by week of gestation

Moderate hearing impairment

Low quality evidence from one study (sample size 576) showed that among children born at
22-23 weeks GA the prevalence of moderate hearing impairment (hearing loss improved by
aids) was 5.3% (95%C1 0.6 to 17.8%) compared to a prevalence of 5.2% (95%Cl 2.8 to
8.7%) in children born at 26 weeks GA, assessed at 3 years (Moore 2012).

Moderate quality evidence from one study (sample size 241) showed that among children
born at 24 weeks GA the prevalence of moderate hearing impairment was 2.7 (95%CI 0.3 to
9.6%) compared to a prevalence of 3.5% (95%CI 1.1 to 7.9%) in children born at 25 weeks
GA, assessed at 6 years (Marlow 2005).

Moderate to severe hearing impairment

Low quality evidence from one study (sample size 576) showed that among children born at
22-23 weeks GA the prevalence of moderate hearing impairment (hearing loss improved by
aids) was 7.9% (95%CI 1.7 to 21%) compared to a prevalence of 5.2% (95%Cl 2.8 to 8.7 %)
in children born at 26 weeks GA, assessed at 3 years (Moore 2012).

Moderate quality evidence from one study (sample size 306) showed that among children
born at 23-25 weeks GA the prevalence of moderate to severe hearing impairment (hearing
aid in both ears) was 2.3% (0.3 to 8.1%) compared to a prevalence of 1.3% (95%CI 0.2 to
4.7%) in children born at 26-27 weeks GA, assessed at 5 years (Leversen 2011).

Low quality evidence from one study (sample size 1455) showed that among children born at
30 weeks GA the prevalence of moderate to severe hearing impairment (hearing loss >70
decibels or aids in one or both ears) was 0.3% (95%CI 0.01 to 1.9%) compared to a
prevalence of 1.5% (95%CI 0.2 to 5.3%) in children born at 34 weeks GA, assessed at 5
years (Marret 2007).

Moderate quality evidence from one study (sample size 241) showed that among children
born at <23 weeks GA the prevalence of moderate to severe hearing impairment was 4.2%
(95%CI 0.1 to 21.1%) compared to a prevalence of 4.9% (95%CI 2.0 to 9.8%) in children
born at 25 weeks GA, assessed at 6 years (Marlow 2005).

Severe hearing impairment
Low quality evidence from one study (sample size 576) showed that among children born at

22-23 weeks GA the prevalence of severe hearing impairment (profound sensorineural
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hearing loss not improved by aids) was 2.6% (95%CI1 0.1 to 13.8%), assessed at 3 years
(Moore 2012).

Moderate quality evidence from one study (sample size 1817) showed that among children
born at 24-25 weeks GA the prevalence of severe hearing impairment (>70 decibels in one
or both ears or hearing aid) was 1.7% (95%CI 0.04 to 9.2%) compared to a prevalence of
0.2% (95%CI1 0.01 to 1.1%) in children born at 32 weeks GA, assessed at 5 years (Larroque
2008).

Moderate quality evidence from one study (sample size 241) showed that among children
born at <23 weeks GA the prevalence of severe hearing impairment (profound sensorineural
hearing loss) was 4.2% (95%CI 0.1 to 21.1%) compared to a prevalence of 1.4% (95%CI 0.1
to 4.9%) in children born at 25 weeks GA, assessed at 6 years (Marlow 2005).
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Prevalence of problems
Review question:

What is the prevalence of developmental problems in babies, children and young
people born preterm?

Description of clinical evidence

The aim of this review is to establish the prevalence and incidence of different developme ntal
problems in relation to the different gestational ages in babies, children and young people
born preterm. The developmental problems considered as outcomes are listed below:

e Sensory sensitivity (hypersensitivity and hyposensitivity) or sensory difficulties

¢ Functional problems (feeding, sleeping and toileting),

e Motor, developmental and language delay

e Problems specific to infancy (excessive crying, irritability, and poor-self regulation)

¢ Problems specific to childhood (behavioural, social and emotional problems, and special
education needs)

Fifty-five studies were included in the review (Agerholm 2011; Anderson 2011; Anderson
2003; Anderson 2004; Arnaud 2007; Chan 2014; Charkaluk 2010; Chyi 2008; de Groote
2007; de Kleine 2003; Delobel-Ayoub 2009; Delobel-Ayoub 2006; Downey 2015; Faebo
Larsen 2013; Farooqi 2007; Foix-L'Helias 2008; Germa 2012; Guellec 2011; Guy 2015; Higa
Diez 2016; Hornman 2016; Hutchinson 2013; Johnson 2010; Johnson 2016; Johnson 2015;
Johnson 2015; Johnson 2011; Joseph 2016; Joseph 2016; Kan 2008; Kerstjens 2011;
Larroque 2011; Mackay 2013; Mackay 2010; Mansson 2014; Moore 2012; Odd 2016; Odd
2013; Odd 2012; Peacock 2012; Plomgaard 2006; Potijk 2012; Potijk 2013; Quigley 2012;
Rautava 2010; Raynes-Greenow 2012; Samara 2010; Samara 2008; Schendel 1997;
Stahlman 2009; Stene-Larsen 2014; Stoelhorst 2003; Stoelhorst 2003; Wilson-Ching 2013;;
Zhu 2012).

No evidence was found for the outcomes of functional problems (toileting), excessive crying,
irritability, and poor self-regulation.

The sample size ranged from 77(de Groote 2007) to 403,106 (Raynes-Greenow 2012).

Seventeenstudies were from the UK or UK and Ireland (Chan 2014; Guy 2015; Johnson
2010; Johnson 2016; Johnson 2015; Johnson 2015; Johnson 2011; Mackay 2013; Mackay
2010; Moore 2012; Odd 2016; Odd 2013; Odd 2012; Peacock 2012; Quigley 2012; Samara
2010; Samara 2008;).

Eight studies were from France (Arnaud 2007; Charkaluk 2010; Delobel-Ayoub 2009;
Delobel-Ayoub 2006; Foix-Helias 2008; Germa 2012; Guellec 2011; Larroque 2011)

Seven studies were from the Netherlands (de Kleine 2003; Hornman 2016; Kerstjens 2011;
Potijk 2012; Potijk 2013; Stoelhorst 2003; Stohelorst 2003).

Four studies were from Denmark (Agerholm 2011; Faebo Larsen 2013; Plomgaard 2006;
Zhu 2012).

Two studies were from USA (Downey 2015; Schendel 1997)

One study each was from Australia (Wilson-Ching 2013), Belgium (de Groote 2007); Finland
(Rautava 2010); Germany (Stahlman 2009); Japan (Higa Diez 2016); Norway (Stene-Larsen
2014); Sweden (Mansson 2014).

Maijority of the publications used data from population-based (national, geographical or
regional) prospective cohort studies (Anderson 2011; Anderson 2004; Arnaud 2007; Chan
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Developmental follow-up of children and young people born preterm
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2014; Charkaluk 2010; Chyi 2008; De Groote 2007; de Kleine 2003; Delobel-Ayoub 2009;
Delobel-Ayoub 2006; Downey 2015; Farooqi 2007; Foix-Helias 2008; Germa 2012; Guellec
2011; Guy 2015; Hutchinson 2013; Johnson 2010; Johnson 2015; Johnson 2015; Johnson
2011; Joseph 2016; Joseph 2016; Kerstiens 2011; Larroque 2011; Mansson 2014; Moore
2012; Odd 2016; Odd 2013; Odd 2012; Peacock 2012; Plomgaard 2006; Potijk 2012; Potijk
2013; Quigley 2012; Rautava 2010; Raynes-Greenow 2012; Samara 2010; Samara 2008;
Schendel 1997; Stahimann 2009; Stene-Larsen 2014; Wilson-Ching 2013;).

Four publications used data from regional birth cohort (Agerholm 2011; Anderson 2003; Kan
2008; Stoelhorst 2003; Stoelhorst 2003).

Two publications were from national birth cohorts (Faebo Larsen 2013; Zhu 2012).

Two publications were retrospective studies using national registry data (Mackay 2013;
Mackay 2010).

Six studies reported on functional problems (Germa 2012; Johnson 2016; Potijk 2012;
Raynes-Greenow 2012; Samara 2010; Stoelhorst 2003).

Eleven studies reported on motor problems (Agerholm 2011; Arnaud 2007; De Groote 2007;
Faebo Larsen 2013; Kan 2008; Mansson 2014; Potijk 2013; Rautav a 2010; Schendel 1997;
Stoelhorst 2003; Zhu 2012).

Seven studies reported on developmental delay (Agerholm 2011; Charkaluk 2010; Johnson
2015; Kerstjens 2011; Plomgaard 2006; Potijk 2013; Schendel 1997).

Six studies reported on language problems (Joseph 2016; Mansson 2014; Potijk 2013;
Rautava 2010; Schendel 1997; Stene-Larsen 2014;).

Four studies reported on executive function (Anderson 2004; Anderson 2011; Joseph 2016;
Rautava 2010).

Twenty-three studies reported on behavioural, social, and emotional problems (Anderson
2011; Anderson 2003; de Kleine 2003; Delobel-Ayoub 2009; Delobel-Ayoub 2006; Downey
2015; Farooqi 2007; Foix-Helias 2008; Guellec 2011; Guy 2015; Higa Diez 2016; Hornman
2016; Hutchinson 2013; Johnson 2010; Johnson 2015; Joseph 2016; Larroque 2011; Moore
2012; Potijk 2012; Rautava 2010; Samara 2010; Samara 2008; Stahlmann 2009; Stoelhorst
2003; Wilson-Ching 2013).

Fourteen studies reported on specialist educational needs (Chan 2014; Chyi 2008; Farooqi
2007; Guellec 2011; Johnson 2011; Larroque 2011; Mackay 2013; Mackay 2010; Odd 2016;
0Odd 2013; Odd 2012; Peacock 2012; Quigley 2012; Samara 2008).

Evidence from these are summarised in the summary of included studies table below (Table
19). See also the study selection flow chart in Appendix F:, study evidence tables in
Appendix K: and exclusion list in Appendix G..

The feasibility of combining study data using meta-analysis was assessed. Due to the
following differences between studies, it was not considered appropriate to pool the results:
¢ the inclusion/exclusion criteria for participants

e ages of participants at the time of assessment

e outcome definitions and measurement tools

e consistency of results.
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4.1.3.21 Summary of included studies

2 Table 19:Summary of included studies for prevalence of problems

Evidence on functional problems

Germa 2012  Prospective N=2901 born Palatal morphology was At 5 years age Low
population- in 1997 assessed by simple visual Altered palatal morphology
based cohort  N=247 bornin  inspection as altered or not 5 33 \yeeks GA: 63/1711, 3.7% (95%CI 2.9-4.7)
1998 by the physicians, without '
n=2349 any further indication. The

assessment criteria for
altered palatal morphology
were left to the physicians'
judgement.

children born
very preterm
and followed
n=1882
children
followed
because they
attended the
medical
examination
n=1711
children born
followed who
did not have
head
malformation
and who
underwent the
medical
examination at
5 years age
were included

Johnson Prospective N=628 late At 2 y corrected age, At 2 years of corrected age Low
2016 population- and parents were asked to Total eating difficulties
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based cohort moderately complete a questionnaire 32-36 weeks GA: 69/726, 9.5% (7.5-11.9%)

study preterm comprising measures to Refusal picky eating
(L) £52eEs iz CEilliy] 32-36 weeks GA: 48/744, 6.5% (4.8-8.5%)
children (32- behaviour, cognitive
36 weeks) development, behaviour and  ©Oral motor problems
emotional pr0b|emS, and 32-36 weeks GA: 41/749, 5.5% (40-74%)
neurosensory impairment. Oral hypersensitivity

A validated eating behaviour 32-36 weeks GA: 32/756, 4.2% (2.9-5.9%)
questionnaire (4) was used  Eating behaviour problems

to assess the presence of 35 36 weeks GA: 45/738, 6.1% (4.5-8.1%)
eating difficulties in the 4

domains of refusal/picky
eating (e.g., poor appetite,
food refusal, selective
eating), oral motor problems
(e.g., problems biting,
chewing, or swallowing;
gagging; or choking on
food), oral hypersensitivity
(e.g., aversion to being
touched around the mouth
or having things put in the
mouth), and eating
behaviour problems (e.g.,
has tantrums or makes a
mess during meals). For
each of 17 items, parents
were asked to state whether
their child exhibited the
problem behaviour never,
occasionally, or often. Each
item was scored 0, 1, or 2,
respectively, from which a
total eating difficulties score
was computed (range: 0—34)
and 4 subscale scores for
refusal/picky eating (7 items;
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Potijk 2012 Prospective

cohort study
Raynes- Population
Greenow based linkage
2012 study

N=916
moderately
preterm
children

Sample
recruited
n=429305
Sample
analysed after
exclusions
n=403106
(n=3115
children born

range: 0—14), oral motor
problems (5 items; range: 0—
10), oral hypersensitivity (2
items; range: 0—4), and
eating behavior problems (3
items; range: 0-6); for all
scales, higher scores
indicate greater problems.
>90th percentile of the term
control group were used to
identify children with
clinically significant eating

difficulties.
Behavioural and emotional At 4 years age Moderate
problems were measures Sleep problems (CBCL, >97th perc)

using the Dutch version of _ . 0 _2 RO
the Child Behaviour 32-35 weeks GA: 22/916, 2.4% (1.5-3.6%)

Checklist (CBCL) for ages
1.5-5. Problem scores were
subdivided into three
categories: normal range
(<93rd percentile),
subclinical or bordering
range (93rd to 97th
percentile), and clinical or
elevated range (>97th
percentile).

Data from births from 2000— Assessed at age 2.5 to 6 years Low
2004 were obtained viathe  Functional problems (sleep apnoea, ICD-10)
NSW Midwives Data <32 weeks GA:82/3115, 2.6% (95%Cl 2.1-3.2)

Collection, a legislated ]
population-based 32-36 weeks GA: 286/22,039, 1.3% (95%Cl 1.2-1.5)

surveillance system that
includes information on all
babies born at = 20 weeks
gestation or weighing = 400
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Samara
2010

National
population
based cohort
study

at <32 weeks;
n=22039
children born
at 32-36
weeks;
n=377952
children born
at >36 weeks)

n=308 children
alive at 30
months age
n=241 entered
study

n=223
completed
eating
questionnaire

g. No further details
reported. The primary
outcome was sleep apnoea
diagnosis in childhood, first
diagnosed between 1 and 6
years of age. Children with
sleep apnoea were identified
from those hospital records
with the ICD-10 code G47.3:
sleep apnoea, central or
obstructive.

When the child reached 6
years of age, parents
completed a specially
developed eating
questionnaire. The scale
included 19 items, which
were grouped into four
categories: refusal-faddy
eating problems, oral motor
problems, oral
hypersensitivity problems
and behavioural problems
around meals. A total eating
problems score was also
constructed. Higher scores
on each scale in