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Abstract

Background: The survival rate of preterm children has risen steadily due to advances in

obstetric and neonatal intensive care. Children born extremely preterm (<28 weeks of
gestation) are at high risk of long term developmental problems, including cerebral palsy,
motor and cognitive impairment, visual and auditory deficits and behavioural problems. This
can have serious implications for their quality of life and that of their family and carers. These
children take up a disproportionate amount of neonatal intensive care unit resources and
overall costs, and as they grow up are more likely to require additional health and social care
services beyond routine care to compensate for their functional limitations. The early
identification and management of factors that mediate long term outcome is necessary to
assist healthcare professionals in selecting appropriate treatment pathways, and to develop,
target and evaluate interventions. Many risk factor analyses for neurodevelopmental
impairment have been published in preterm populations, but this vast literature has not been
formally summarised. Furthermore, there is a dearth of studies reporting longitudinal analysis

of neurodevelopmental trajectories from early childhood to adulthood.

Objectives: The first aim of this thesis was to perform a comprehensive systematic review

of the world literature over the last two decades, to consolidate the evidence about the
prognosis of neurodevelopmental outcome in children born very preterm or with very low
birth weight. The second aim was to conduct a longitudinal analysis of a cohort of extremely
preterm participants followed up into early adulthood to investigate the trajectories of long
term sequelae over time, and to examine the association of neurodevelopmental course in

relation to the predictive factors identified in the systematic review.



Methods: A systematic review was conducted using MEDLINE, EMBASE and PyscINFO

databases to identify studies published between January 1 1990 and June 1 2014 reporting
multivariable prediction models for the neurodevelopment of children born <32 weeks of
gestation or with a birth weight <1250 grams (protocol registration number
CRD42014006943). Seventy-eight studies reporting 222 risk factor models for
neurodevelopmental outcome were identified. Two independent reviewers extracted key
information about study design, outcome definition, risk factor selection, model
development, reporting, and conducted a risk of bias assessment. To address the second
objective of the study, a longitudinal analysis of cognitive and behavioural trajectories was
conducted using a prospective, population-based cohort study in the United Kingdom and the
Republic of Ireland. Three hundred and fifteen surviving infants born less than 26 completed
weeks of gestation recruited at birth in 1995 and 160 term-born classroom peers recruited at
age six were followed-up to 19 years. Participants were invited for up to four standardized,
blinded cognitive assessments and the parent-completed Strengths and Difficulties

Questionnaire was used to assess behavioural problems.

Results: The systematic review of risk factors for motor impairment in children born very

preterm or with very low birth weight provided strong evidence that neonatal brain injury is
a robust prognostic factor for cerebral palsy, and some evidence that the use of postnatal
steroids increases the risk and the use of antenatal steroids reduces the risk of cerebral palsy.
There was moderate evidence that male sex was prognostic for motor impairment at school
age in children free of major disability. The systematic review of risk factors for cognitive
impairment identified male sex, non-white ethnicity, lower levels of parental education and

lower birth weight as significant predictors of global cognitive dysfunction in early infancy,



with parental education having a sustained impact after five years of age. There was also
evidence that male sex was predictive of delayed language development in early infancy.
Gestational age was found to be of limited use as prognostic factor for cerebral palsy, motor
and cognitive impairment in cohorts restricted to <32 weeks of gestation. There was a dearth
of good quality studies investigating risk factors for behavioural problems and psychiatric
disorders and the findings of this review were inconclusive. The only factors that appeared to
be consistent predictors of general behavioural problems were markers of socio-economic
deprivation, neurodevelopmental or cognitive delay, and an abnormal behavioural screen in

early infancy.

In the longitudinal analysis of the prospective, population-based cohort of extremely preterm
children, cognitive trajectories were stable in both the extremely preterm and term-born
groups over time with persistent deficit in the extremely preterm group of 25.2 1Q points (95%
Cl: -27.8 to -22.6, p<0.001) and only minimal catch-up over time. Participants with neonatal
brain injury and of male sex had the largest deficits, but a lower level of maternal education
and earlier gestational age at birth were also associated with reduced IQ scores. Behavioural
problems were also more prevalent among the extremely preterm participants who had a
mean Total Difficulties Score of 4.81 points above their term-born peers (95% Cl: 3.76 t0 5.87,
p<0.001) and which persisted over the time period. Behavioural difficulties were mainly due
to hyperactivity, inattention and peer problems and were strongly associated with a positive

behavioural screen in early infancy.

Conclusions: The most robust predictors of poor neurodevelopmental outcome identified

by the systematic review were neonatal brain injury, male sex, and markers of social



disadvantage. The unclear findings for many risk factors may reflect differences in study
design, study population, methodological quality and lack of standardization of measures. Or
it may simply reflect the fact that prognostic modelling in such a heterogeneous population
is challenging and complex, with multiple risk factors acting sequentially over time, and often
with the existence of multiple impairments within the same individual. The main conclusions
from the longitudinal analysis of children born extremely preterm is that being born too soon
appears to place limits on brain plasticity and function which is not recovered over time; with
the most vulnerable being males and those with evidence of brain injury early in life. These
structural abnormalities may disturb neurodevelopmental processes and impede the brain
from maintaining a normal developmental trajectory. If extremely preterm children fail to
achieve optimum levels of cognitive function and are still experiencing behavioural problems
once they have reached maturity, then this has implications for health and well-being in later
adulthood and old age. Cognitive test scores in infancy and early childhood reflect early adult
outcomes and a positive behavioural screen in infancy is strongly associated with early adult

behavioural outcomes.

Recommendations: The systematic review revealed some shortcomings in methodology

and reporting that could be improved in future studies, and confirmed that that there is a
dearth of properly designed and well-conducted prognostic modelling studies in this field. The
findings and recommendations of this critical review should be used as a basis for the design,
analysis and reporting of future studies seeking to develop multivariate risk factor or
prognostic models in this population. There is an urgent need for larger population cohorts
followed up routinely beyond two years as subtle outcomes such as impairment of executive

function and fine motor skills cannot be reliably assessed at this age, and the natural course



of some disorders may have their onset later in childhood. Studies with larger sample sizes
and greater power are needed for studying less common conditions in preterm populations
and there should be more standardisation of outcome and risk factor measurements,
particularly with the use of standard diagnostic evaluations to assess psychiatric disorders.
Future studies should include a term-born comparison group and adopt appropriate statistical
analysis techniques to analyse longitudinal outcome data and the impact of risk factors on
these trajectories. Additional research is required to improve the prediction of individual
differences, and to identify the neuropathological differences underlying different

developmental trajectories and their interaction with environmental influences over time.
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Chapter 1: Introduction

1.1 Background

The incidence of preterm delivery is increasing and the survival rate of preterm children has
risen steadily due to advances in obstetric and neonatal intensive care.? Surviving children
born very preterm (VPT) or with very low birth weight (VLBW) are at high risk of long term
developmental problems, including cerebral palsy (CP), impairment in motor and cognitive
function, visual and auditory deficits and behavioural problems.® This can have serious
implications for their quality of life and that of their family and carers. These children take up
a disproportionate amount of neonatal intensive care unit (NICU) resources and overall costs,
and as they grow are more likely to require additional health care services beyond routine
care to compensate for their functional limitations.* The early identification and management
of factors that mediate long term outcome is necessary to assist healthcare professionals in

selecting appropriate treatment pathways, and to develop, target and evaluate interventions.

1.1.1 Epidemiology of preterm birth

1.1.1.1 Gestational age

Preterm deliveries are defined as those occurring before 37 weeks of gestational age (GA).
The gold standard assessment of GA is early ultrasound in the first trimester together with
fetal measurements. Prior to the use of ultrasound, GA assessment was based on the date of
the last menstrual period and assumed that conception occurred 14 days after its onset. This

method is considered to be less accurate due to errors in recall, the variable length of
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menstrual cycle among women, and using an approximate date of conception. However, even
ultrasound performed before 14 weeks can only date the pregnancy to within seven days and
accuracy diminishes thereafter.> Accurate assessment of GA is critical at the limits of viability
because mortality and morbidity outcomes vary greatly with each additional week of
gestation, and guidelines for the clinical management of infants born at 25 weeks of gestation

depend on it.5”

In the past, there have been inconsistencies in the definitions of the categories of prematurity
and birth weight (BW) with researchers using different truncation points for each.? Before the
routine use of ultrasound, cohorts were generally defined by BW due to the certainty of BW
and the unreliability of GA assessment. In a policy statement by the American Academy of
Pediatrics, the conventional definitions of age during the perinatal period were reviewed and
the use of standard terminology was recommended,® which has resulted in a more uniform
classification of degree of prematurity and BW (Table 1.1).3 The World Health Organisation
has no published definitions of VPT or extremely preterm birth (EPT) but recommends which
groupings to be used when reporting GA, which are consistent with those in Table 1.1. GA is
expressed as completed weeks, therefore an infant born at 27 weeks and 6 days gestation is

considered as a 27 week fetus, as opposed to rounding up to 28 weeks.

1.1.1.2 Prevalence

In a systematic analysis of preterm birth rates in the year 2010, the mean preterm birth rate
(<37 weeks GA) in developed regions, including North America, Europe, Russia, Japan,
Australia and New Zealand was estimated to be 8.6%.%° The rate was notably higher in the
United Stated (US) at 12%. This is in accordance with a previous review which reported rates

of between 5% to 9% in Europe and other developed countries with higher
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Table 1.1: Classification of gestational age and birth weight categories

Gestational age

Post term 243 weeks
Term 37 to 42 weeks
Late preterm 34 to 36 weeks
Very preterm <32 weeks
Extremely preterm <28 weeks
Birth weight

Low birth weight <2500g

Very low birth weight <1500g

Extremely low birth weight <1000g

rates of 12 to 13% in the US.? The estimated rate of VPT (<32 weeks GA) in developed regions

in 2010 was 1.3% and for EPT (<28 weeks GA) it was 0.4%.

The prevalence of preterm birth has increased in developed countries due to advances in
obstetric and perinatal care and the effects of assisted reproductive technology, though
increases may also be due to changes in data collection and registration.! In developed
regions, the rate has increased from 7.2% in 1990 to 8.6% in 2010.1° Of the 65 developed
countries included in the report by Blencowe et al, 48 countries had increasing rates, 14
countries had stable rates (<0.5% annual change) and only 3 countries had declining preterm

birth rates.

1.1.1.3 Causes of preterm delivery
The most common causes of a preterm delivery are unexplained spontaneous preterm labour,

multiple pregnancy and premature preterm rupture of the membranes (PPROM).%'1 PPROM
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is defined as spontaneous rupture of the membranes prior to 37 weeks of gestation at least
one hour before contractions begin. Risk factors for PPROM appear to be similar to
spontaneous preterm labour with intact membranes, including infection and smoking during
pregnhancy.'?!3 Other common precursors to preterm labour are maternal or fetal indications
for induction or Caesarean section, hypertensive disorders, severe intrauterine growth

restriction, antepartum haemorrhage and cervical incompetence.'!!

Multiple pregnancy carries a tenfold increased risk of preterm birth compared to singleton
pregnancies due largely to uterine over distension, and accounts for 12-27% of all preterm
births.1%14 Over the past few decades, the incidence of multiple pregnancy has increased with
increasing maternal age, the more widespread use of assisted conception and drugs for
subfertility.!! Singleton pregnancies resulting from in-vitro fertilisation are also at an
increased risk of preterm birth.> In developed countries, the rate of preterm birth differs
between race, maternal age and socio-economic groups; it is higher among black women,
older mothers and in women with a lower socio-economic status (SES).}** To what extent
and how these correlated factors interact with the mechanisms that lead to a preterm labour

is unclear.

1.1.2 Neonatal care: a historical perspective

The first incubators used for live infants were exhibited in 1896; at this time the neonatal
mortality rate in the US and the United Kingdom (UK) was high, at around 40 per 1,000 live
births. This rate declined steeply to 15 per 1,000 even before neonatal intensive care was
routinely available in the 1970s due to a number of basic improvements in care. These
included the increasing use of incubators, the introduction of tube feeding, the use of

Penicillin to treat infection and changes in the coordination of working practices around the
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care of the newborn. After the development and proliferation of NICUs during the 1970s there
were further advances in obstetric and neonatal medicine which resulted in a further
reduction in the neonatal mortality rate to less than 4 per 1,000 in developed countries. These
advancements included the routine introduction of assisted ventilation, surfactant therapy,
prophylactic infection control, the use of antenatal steroids and enhancements in nutrition.
The major causes of worldwide neonatal mortality today relate to preterm birth

complications.1®

The first comparisons of outcomes between infants born preterm and infants born at term in
the 1930s and 1940s suggested that preterm birth did not alter the course of physical and
mental development. However, these reports were based on highly select populations and
by 1960 opinion had changed.* While the survival rate of preterm infants continued to
increase, the link between immaturity and developmental impairment was recognised, and
there was concern about the burden this growing group of disabled preterm survivors would
have on the community. The first important systematic review of the trends in survival and
disability in VLBW infants showed that despite increasing survival rates, the proportion of
survivors with disability remained constant at 6-8% in each five year period from the mid-
1950s to late 1970s.1’ This showed that the burden of disability in this population was far
outweighed by the gain in healthy survivors (Figure 1.1). A more recent systematic review of
studies published between 1970 and 1997 in EPT infants concluded that the incidence of
disabilities had not changed in surviving EPT children, but the prevalence has risen due to

increasing survival.®

Recent trends in the rate of survival and neurodevelopment impairment from 1990s into the

2000s are mixed, with variable reports from different countries. In the UK, the number of
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Figure 1.1: Outcome studies for babies <1500g birth weight pooled by quinquennium to
show the percentage of babies who died and survived with and without handicap (redrawn
from Stewart et al 1981%7)
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admissions for neonatal care of babies born between 22 and 25 weeks of gestation in England
increased by 44% from 666 in 1995 to 959 in 2006, and survival to hospital discharge increased
from 40% to 53% over the same period.'® However, the proportion of survivors with major
neonatal morbidity or neurodevelopmental impairment (at three years) remained similar, so
the absolute number of surviving EPT infants at risk of developing future long-term
developmental problems has risen.’®!° Similarly, in France survival to discharge in infants
born VPT increased between 1997 and 2011, but there has been no improvement in survival
without neonatal morbidity in infants born <25 weeks.?° However, the proportion of infants
surviving without severe morbidity among higher gestations increased by 14.4% at 25 to 29
weeks and 6% at 30 to 31 weeks. Studies from the US comparing the outcomes of surviving
infants born VPT or with VLBW between different epochs in the 1990s and 2000s found no
significant increases in survival without neonatal or longer term morbidity.?*> However, a

recent US study reported an increase in survival without major morbidity from 1993 to 2012
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in infants born 25 to 28 weeks GA, with no change in infants born <25 weeks.?? In population-
based cohorts from the state of Victoria in Australia, the survival rate for extremely low birth
weight (ELBW) infants plateaued in the 2000s, though neurological outcome is reported to
have improved.?* What does appear to be consistent is that the threshold for viability appears
to have been reached; survivors below 23 weeks of gestation remain rare. Also the sharp rises
in survival rates in the 1980s and early 1990s seen in many developed countries appear to

have slowed down, and in some counties, levelled off completely.

1.1.3 Outcomes of a very preterm birth

1.1.3.1 Survival

The probability of surviving a preterm birth increases with each additional week of gestation
and declines sharply below 28 weeks (Table 1.2).%° In England and Wales in 2012, the survival
rates to 28 days (as a percentage of all live births) were 4% in infants born at 22 weeks of
gestation, 35% at 23 weeks, 66% at 24 weeks and over 82% at 25 weeks. The majority of
deaths occur within the first week after birth and the probability of surviving to 28 days for

infants still alive on the 7th day is over 80%, even for infants born at 22 and 23 weeks.

Multiple births account for around a quarter of all preterm births in England and Wales and
for 16% of all neonatal deaths (Table 1.3). The pattern of survival rates in preterm multiples
appear broadly similar and slightly better compared to those of singletons born at the same
GA, though previous reports have been conflicting;!! the opposite is true for term births. In a
recent systematic review of prediction models for mortality in VPT infants,?® eight factors that

frequently predicted survival were identified, in addition to GA and BW:
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Table 1.2: Neonatal and infant mortality rates per 1000 live births, England and Wales, 2012

Gestational Live births® Neonatal Neonatal Infant deaths® Infant
age (weeks) deaths® mortality n (%) mortality
n (%) ratio® ratio®
All 726,572 1,971 (0.27) 2.7 2,808 (0.39) 3.9
<24 749 633 (84.5) 845.1 657 (87.7) 877.2
24-27 2,474 434 (17.5) 175.4 571 (23.1) 230.8
28-31 5,693 206 (3.62) 36.2 275 (4.83) 48.3
32-36 43,993 229 (0.52) 5.2 386 (0.88) 8.8
37-42 646,069 454 (0.07) 0.7 895 (0.14) 1.4
>43 27,594 15 (0.05) 0.5 24 (0.09) 0.9

aLive births with known gestational age (n=2740 unknown).

b Death before 28 days.
¢ Number of neonatal deaths x 1000 / total number of live births.
d Death before 1 year of chronological age.
e Number of infant deaths x 1000 / total number of live births.

Source: Office for National Statistics gestation-specific infant mortality statistics.
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Table 1.3: Neonatal and infant mortality rates per 1000 live births, England and Wales, 2012

Gestational Live births® Singleton births Multiple births Neonatal deaths® n (%) Infant deaths® n (%)

age (weeks) n (%) n (%) Singletons Multiples Singletons Multiples
All 726,572 703,824 (96.9) 22,748 (3.13) 1,662 (0.24) 309 (1.36) 2,415 (0.34) 393 (1.73)
<24 749 610 (81.4) 139 (18.6) 526 (86.2) 107 (76.9) 545 (89.3) 112 (80.6)
24-27 2,474 1,869 (75.5) 605 (24.5) 319 (17.1) 115 (19.0) 430 (23.0) 141 (23.3)
28-31 5,693 4,169 (73.2) 1,524 (26.8) 161 (3.86) 45 (2.95) 211 (5.06) 64 (4.2)
32-36 43,993 33,427 (75.9) 10,566 (24.0) 201 (0.60) 28 (0.26) 338 (1.01) 48 (0.45)
37-42 646,069 636,171 (98.5) 9,898 (1.5) 440 (0.07) 14 (0.14) 867 (0.14) 28 (0.28)
>43 27,594 27,578 (99.9) 16 (0.06) 15 (0.05) 0 o0 24 (0.09) 00

aLive births with known gestational age (n=2740 unknown).

b Death before 28 days.
¢ Death before 1 year of chronological age.

Source: Office for National Statistics gestation-specific infant mortality statistics.
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average size for GA, female sex, non-white ethnicity, absence of serious congenital
malformations, use of antenatal steroids, higher 5-minute Apgar score, normal temperature

on admission and better respiratory status.

There are large variations in the survival rates of infants born EPT between countries,
particularly those born near the threshold of viability. This may reflect the differences in the
policies and management of care, with interventionist practices and proactive management
associated with higher survival rates and more selective management approaches resulting
in lower survival rates.?”?8 Considerable differences in survival rates can also exist between
different regions and centres within the same country, mainly due to the organisation of care
and registration practices. Being born in a centre equipped with a higher level of intensive
care, and the centralisation of neonatal intensive care, which involves the transfer of high-
risk infants or mothers from local hospitals to specialised tertiary care centres, has been
shown to be beneficial in several studies.?® However, care should be taken when making
comparisons of survival rates as they depend on the numerator and denominator used, and
this could explain some of the apparent variation. For example, the numerator could be
defined as survival to 28 days, discharge or two years and the denominator could be based

on all births including stillbirths and terminations, all live births or admissions to NICU.

1.1.3.2 Neonatal morbidity

Infants born before 32 weeks of gestation are highly susceptible to a number of complications
during the neonatal period which can impact on long-term neurodevelopment. This is
because rapid organ growth and development occurs between 20 to 30 weeks and main
bodily systems such as the respiratory system and central nervous system have not reached

full maturity. Although neural migration in the brain is largely complete by this stage,
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important cortical structures are still rapidly evolving during this critical period. These crucial
stages of development that normally take place in utero are interrupted by the processes that
surround a preterm birth and the following period of clinical care. The harsh NICU
environment and other external influences can shape neuronal activity and connectivity and

alter the course of development.3°

1.1.3.2.1 Intraventricular haemorrhage

The most common type of brain injury among preterm infants is intraventricular
haemorrhage (IVH) in the germinal matrix, which is the site from which neurons and glial cells
migrate out during brain development. The germinal matrix is comprised of an intricate
network of fragile thin-walled blood vessels and IVH occurs when a lack of cerebral blood flow
(due to inability to self-regulate) causes these blood vessels to rupture, leading to bleeding.
The majority of haemorrhages occur before 72 hours after birth and lesions are identified
using early cranial ultrasound or magnetic resonance imaging scans. The Papile classification3!
is the most widely used system to grade the severity of the lesion. Grade | is defined as
bleeding confined to the germinal matrix, grade Il as bleeding that extends to the ventricle
cavity and resolves without enlargement, grade Il as ventricle enlargement due to
accumulated blood, and grade IV as enlargement progressing to hydrocephalus. The
incidence and severity of IVH is strongly associated with GA and is more common among male
infants, with more severe injury. In recently recruited cohort populations the incidence of

severe IVH (grade IlI-IV) was reported to be 5% in VPT infants and 13% in EPT infants.820
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1.1.3.2.2  Periventricular leukomalacia

The other important type of brain injury in newborn premature infants is focal or diffuse white
matter damage around the cerebral ventricles known as periventricular leukomalacia (PVL).
The white matter of the brain consists largely of nerve fibres and its main role is to transmit
nerve impulses, which modulate actions and coordinate communication between one area of
the brain and another. Grey matter is comprised mainly of neuron cells from which these
impulses originate and is primarily associated with processing and cognition, whereas
changes in white matter morphology are thought to affect how the brain learns and functions.
The disturbance of white matter development can occur during the antenatal, perinatal or
postnatal period, thus the timing of the insult is more variable than for IVH. PVL has been
graded on cranial ultrasound images by de Vries et al*? and can be used as a guide for severity
and prognosis. Grade | is defined as periventricular echogenicities that last for seven days or
more, grade |l as transient periventricular echogenicities that evolve into small localised cysts,
grade Il as evolution into extensive periventricular cystic lesions, and grade IV as extensive
cystic lesions extending deep into the white matter. In VPT infants, the incidence of cystic PVL

(grade Il and above) is around 2%.33

1.1.3.2.3 Retinopathy of prematurity

Retinopathy of prematurity (ROP) is a disease of the eye in premature infants, caused by the
disorganised growth of retinal blood vessels. The retina is the light sensitive membrane at the
back of the eye that converts images produced by the lens into signals transmitted to the
brain via the optic nerve. The retina can be scarred and damaged if the development of these
blood vessels is interrupted by preterm birth. Maturation of the retina normally takes place

in utero from around 16 weeks with full vascularisation completed a few weeks before term.
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In term infants, oxygen is carefully regulated by the placenta, but premature exposure to
oxygen (therapy required for other organs to develop properly outside the womb) can cause
the constriction of healthy retinal blood vessels. This can then trigger the production of
chemicals that produce new abnormal blood vessels, which are fragile and proliferate quickly,
resulting in bleeding and scarring. This pulls the retina out of position causing damage to
vision, and in severe cases, to become completely detached from the eye, resulting in

blindness.

The retina is divided into three zones and the severity of retinopathy within each zone is
graded I-V.34 Stage | is characterised by a thin demarcation line between vascularised and non-
vascular retina; stage Il by an elevated ridge of tissue; stage Il by the proliferation of abnormal
blood vessels from the ridge; stage IV by partial retinal detachment; and stage V by total
detachment. Severe ROP can be treated with laser therapy, which has largely replaced
cryotherapy and involves the ablation of the non-vascularised retina, and anti vascular
endothelial growth factor injections. Most cases of ROP occur in infants born <28 weeks of
gestation, with the acute stages occurring between 32-38 weeks. In two recent cohorts, the
incidence of treated ROP grade Il and above has been reported to be between 6% and 16%

among infants born EPT and 1% in infants born VPT.1820

1.1.3.2.4 Pulmonary disease

Infants born prematurely are at increased risk of acute and chronic respiratory disease due to
the immaturity of the lungs. Major lung development takes place between 17 and 26 weeks
of gestation when branching of the respiratory system occurs and arteries and veins develop
alongside it. After 27 weeks there is further branching and from 32 weeks aveoli, which are

the tiny sacs that allow oxygen and carbon dioxide to move between the lungs and
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bloodstream, start to appear as shallow indentations and continue to develop post term.
Aveolar cells start producing surfactant from about 24 week's gestation. Surfactant is a
lubricant which lines the sac, reducing surface tension and the effort of breathing. A lack of
surfactant reduces the lungs ability to expand and increases surface tension, which can lead
to the collapse or closure of the lung at end expiration, resulting in respiratory distress
syndrome (RDS). To prevent this occurring, antenatal corticosteroids are routinely prescribed
to women at risk of a preterm birth, and VPT infants are intubated and given surfactant

therapy within the first hour of birth.

Bronchopulmonary dysplasia (BPD) is an important complication of RDS and is defined as
oxygen dependency for 28 days or longer. Infants born VPT are graded as mild, moderate or
severe based on their respiratory support requirement at 36 weeks or discharge home. A mild
diagnosis is given if they are breathing air, moderate if they require less than 30%
supplementary oxygen and severe if they require more than 30% and/or positive-pressure
ventilation or continuous positive airway pressure.?® There is an inverse relationship between
the incidence of BPD and GA; recent studies report rates of 26% and 41% for severe BPD in

infants born 22 to 26 weeks and 5% in infants born 27 to 31 weeks.820

Pulmonary haemorrhage (PH) is another condition which affects infants born VPT/VLBW. This
occurs when red cells and capillary vessels filtrate into the lungs, typically onset is declared
by bloody secretions from the nose and endotracheal tube. In some cases, this can lead to

other respiratory complications, cerebral bleeding and seizures.
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1.1.3.2.5 Necrotising enterocolitis

NEC is an acute inflammatory disease and the most common gastrointestinal condition
occurring in neonates. Although it can affect term infants, it is more commonly found in VPT
infants, and represents a significant clinical problem. It occurs when the bowel wall becomes
infected and inflamed, usually due to the presence of bacteria and/or insufficient blood flow
to the gut. This can lead to ulceration, haemorrhaging and tissue death in the gastrointestinal
tract which may result in an intestinal perforation or irreversible bowel damage which can be
fatal. Abdominal distension, bloody mucusy stools and bile stained aspirates or vomit are the
classic gastrointestinal signs, but initial signs can be non-specific, making the condition
difficult to detect. The variable clinical presentation also makes management of the condition
challenging, although staging criteria developed by Bell et al*® provide useful guidelines. A
course of antibiotics is the recommended treatment for early stages of NEC, but once a

perforation has occurred, surgery may be required.

Preterm infants are at particular risk of developing NEC because the mucous membrane of
the gut is immature at birth. A deficiency in mucus and Immunoglobulin A can increase
permeability to micro-organisms and toxins which may make the gut more vulnerable to NEC.
Immature patterns of motility and a reduced capacity to digest may also predispose the
preterm infant to NEC. The management of enteral nutrition, such as the delay and rate of
feeding as well as the type of milk, can have an important impact on the risk of developing of
NEC. In most preterm infants, NEC usually develops in the second or third week following the
introduction of enteral feeds. In a recent population-based cohort, the incidence of severe
NEC (Bell's stage Il or lll) was been reported to be 5.1% in infants born EPT and 3.7% in infants

born VPT.2°
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1.1.3.2.6 Sepsis

Neonatal infections are an important cause of morbidity and mortality in infants born
VPT/VLBW. As well as having less well developed immune systems, the use of invasive
procedures such as catheters, ventilation tubes and long lines, along with prolonged hospital
stay also exposes these vulnerable infants to a greater risk of acquiring infection. Early-onset
sepsis is usually defined as bacteraemia or meningitis within 48-72 hours of birth and the
primary routes of infection are maternal transmission or from the postnatal environment.
Late-onset sepsis is typically defined as sepsis becoming clinically evident more than 48-72
hours after birth and is usually hospital acquired. The clinical signs of sepsis are abnormal
temperature, irritability, poor skin tone, jaundice, mild diarrhoea, tachycardia and respiratory
distress. Early diagnosis and treatment with antibiotics is crucial as progression from mild
symptoms to death can occur rapidly. In the England, between 2006-2008, the incidence of
infection (defined as positive culture and at least five days of antibiotic treatment) was 4.1%

per 1,000 live births, and 71% occurred in infants born <32 weeks of gestation.?’

1.1.3.2.7 Patent ductus arteriosus

In utero, the ductus arteriosus connects the pulmonary artery to the aorta, allowing blood
from the right ventricle to bypass the lungs which are compressed and filled with fluid. In term
babies, this vessel normally closes around the time of delivery to enable blood to be pumped
into the lungs. This process is often delayed in preterm babies, and if closure does not occur
within 72 hours, a diagnosis of patent ductus arteriosus (PDA) is made. In many cases, the
duct eventually closes spontaneously and doesn't cause any clinical complications, and in
some cases medication such as indomethacin is prescribed or surgery performed to close the

duct. If the PDA persists untreated, complications such as metabolic acidosis, intracranial
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haemorrhage, necrotising enterocolitis (NEC), pulmonary haemorrhage and congestive heart

failure can develop.

1.1.3.3 Long term neurodevelopmental outcomes

Prematurity and its associated neonatal morbidities have a pervasive effect on
neurodevelopment, leading to: CP, visual and auditory deficits, impairments in global and
executive cognitive function, learning disabilities and behavioural problems. Studies report
that 14% of VPT and up to 50% of EPT survivors have moderate to severe neurodevelopmental
disabilities at school age, predominantly cognitive impairment, compared to around 1-3% of
infants born at term.3®3° Furthermore, the mean intelligence quotient (IQ) of school age
children born preterm without severe disability has consistently found to be lower than their
term-born peer group, and related to GA at birth.%® VPT children are also at increased risk of
a range of behavioural problems, including attention deficit/hyperactivity disorders (ADHD),
autistic spectrum disorders (ASD), emotional and social problems and internalizing
behavioural disorders.*"*> With this array of cognitive and behavioural issues, many VPT
survivors are at high risk of poor academic attainment and reduced lifelong earning potential
and life chances. A significant proportion require full time specialist education, and the
majority of those in mainstream education require specialist academic, health or behavioural

support services to aid their transition through school.3%44

1.2 Rationale and aims of thesis

1.2.1 The burden of extremely preterm birth
The incidence of preterm birth in England in 2012 was 7.3% (n=52,909) and rising, with VPT

births accounting for 1.2% (n=8,916) and EPT births accounting 0.4% (n=3,223) of all live births
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respectively.?®> Neonatal interventions at extremely low GA are becoming more frequent,
leading to an increasing number of admissions into NICUs. These infants take up
disproportionate amount of NICU resources and overall costs, and as they grow up are more
likely to require additional health care services beyond routine care and special educational
support to compensate for their functional limitations and learning and behavioural
difficulties. Not only does this impose a substantial financial burden on health care providers,
special education and social services, but there is also the personal burden of disability
incurred by the individuals affected and their families. The total cost of VPT and EPT birth to
the public sector for an annual birth cohort to 18 years of age has been estimated at £242
and £989 million respectively. The incremental cost per VPT child surviving to 18 years
compared with a birth at term is £61,781, and per EPT child £94,740.* Although late preterm
(32 to 36 weeks) and VPT birth account for the largest majority of the total societal costs of

preterm birth, the relative concentration of costs among EPT infants is noteworthy.

1.2.2 The importance of long term prognosis

The early identification and management of factors that mediate long term outcome is
necessary to develop, target and evaluate interventions. The effects of preterm birth and
associated perinatal care are frequently manifested many years later, and the evaluation of
long term outcome is expensive and time-consuming. A way of overcoming this problem is to
develop prognostic models using perinatal outcomes and other risk factors to predict future
prognosis. If a combination of prognostic factors for later neurodevelopmental impairment
can be identified, they can be used as a prognostic marker in randomised controlled trials
(RCTs) testing the effectiveness of interventions. Longitudinal analysis of long term follow up

provides a more robust and thorough understanding of the underlying processes that affect
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development, which can inform decision making about the allocation of finite health and
social care resources within the NHS. The ability to predict longitudinal course would provide
a useful resource for clinicians and parents, who have reported a lack of consistency and
sometimes conflicting information relating to the prognosis and care of extremely premature
infants*. In summary, predicting future prognosis from key predictive assessments would be
useful to (i) assist in healthcare and educational service planning and provision (ii) create risk
groups to inform treatment or to stratify individuals by severity in epidemiological studies or

clinical trials (iii) inform parents and the children about their future prospects.

1.2.3 Previous research on long term prognosis

Cohorts established during the early 1990s are maturing into early adulthood. To date, most
analyses performed using these cohort data have used cross sectional techniques to analyse
longitudinal follow-up data. For example, many studies have used regression analyses,
correlation or pairwise t-tests to identify which factors at an earlier age predict outcomes
during the next stage of childhood*® or whether the outcomes of more recent cohorts have
improved compared to older cohorts.'®47 Such studies have yielded mixed results with some
reporting increasing or decreasing problems over time and others reporting stable
development. The problem with using cross-sectional statistical techniques to analyse
longitudinal change, is that group prevalence of mild, moderate and severe disability within
preterm cohorts remains fairly constant over time; however there can be considerable
variation in individual trajectories, particularly in the non-severe groups, which is masked by

these methods of analysis.>®

Very few studies have used a longitudinal modelling approach to examine the continuity of
neurodevelopment from early childhood to adulthood, and the changes within each child
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using a 'growth' curve analysis approach. Those that have are characterised by several major
shortfalls: failure to enrol an appropriate longitudinal comparison group; a limited set of
outcome measures; the use of different tests at different time points; and short periods of
follow-up.*®>! None of these longitudinal studies, and no known studies to date, have
developed and extensively validated a prognostic model for neurodevelopmental outcome in
surviving VPT children using published guidelines.>>>3 A number of prognostic models have
been developed and validated for survival®®, but the only known prognostic models
developed for longer term outcomes are based on composite outcomes of survival and
neurodevelopmental impairment (NDI) at 18-22 months.>*>® While these are of great value,
it is also important to untangle the factors that are prognostic in each developmental domain
for surviving children, which may be very different to those predictive of a composite

outcome.

1.2.4 Aims of the thesis

The aim of the work described in this thesis was to address these knowledge gaps, first by
summarising the evidence on prognostic factors for poor neurodevelopment in surviving
children born VPT/VLBW. Many risk factor analyses for neurodevelopmental impairment have
been published, but this vast literature has not been formally summarised. A systematic
review was performed on the world literature over the last two decades, to consolidate the
evidence on prognosis to date for children born EPT in the five main developmental domains:
motor function, cognition, hearing, vision and behaviour. The systematic review was
extended to include VPT/VLBW children as the literature is more extensive in this group
compared to EPT children alone. The results from the systematic review informed the second

part of the project: a longitudinal analysis of the EPICure cohort of EPT participants born in
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the UK in 1995 and followed up into early adulthood.>” The trajectory of the key components
of neurodevelopment in these EPT survivors over the course of childhood was examined in
relation to the predictive factors identified in the systematic review, to explore whether

developing prognostic models for neurodevelopment is possible and appropriate.

The research question addressed was: "Is it possible to predict the neurodevelopmental

outcome in extremely preterm infants?" In summary, the objectives were to:

= Perform a systematic review of prognostic factors predicting neurodevelopmental
impairment in surviving children born VPT/VLBW in the following outcome domains:
motor function, cognition, hearing, vision and behaviour;

= Describe the trajectories of key components of neurodevelopment within individuals
in the EPICure cohort from infancy to early adulthood and explore whether problems
are transient or stable, and whether conditions deteriorate or improve over time;

= |nvestigate the effect of predictive factors identified in the systematic review on these
patterns of neurodevelopment and to explore whether it is possible and appropriate
to develop prognostic models for neurodevelopmental outcome in children born

extremely preterm.

1.3 Structure of thesis

The methods and the main search results of the systematic review of prognostic factors for
poor neurodevelopment in children born VPT/VLBW are described in Chapter 2. Details of the
search strategy used, study eligibility criteria, data extraction, risk of bias assessment and data

synthesis and reporting, as well as the search results and characteristics of the studies and
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models retrieved are also reported in this chapter. The evidence on prognostic factors for
each developmental domain is reported separately in Chapters 3-5. Chapter 3 summarises
and discusses risk factor analyses published for motor and neurosensory impairment,
including CP, general motor skills, hearing and vision. Chapter 4 consolidates the evidence on
prognostic factors for cognitive impairment, encompassing 1Q, language impairment,
executive function and academic attainment. Chapter 5 reviews and discusses studies of
prognosis for behavioural problems and psychiatric disorders, including ADHD and ASD. The
chapters which follow describe the longitudinal analysis of the EPICure cohort study. Chapter
6 describes the study population and follow-up assessments, defines the outcome and
explanatory variables, and outlines the general statistical methods and analysis used. Chapter
7 reports the findings from a longitudinal analysis of cognitive outcomes and Chapter 8
present the results from a longitudinal analysis of behavioural outcomes. The discussion in
Chapter 9 provides an overview of the main findings and conclusions of the project, and

suggests directions for future research.
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Chapter 2: Systematic review of prognostic
factors for poor neurodevelopment in children

born VPT or with VLBW: methods and search
results

2.1 Introduction

There is a large literature reporting risk factor analyses for poor neurodevelopment in the
VPT/VLBW population which to date has not been formally summarised. Few studies have
advanced beyond risk factor analyses to develop and validate risk prediction models for use
in routine care and to assist with the planning and provision of healthcare. A number of
prognostic models have been developed and validated for survival outcome in this
population?® and two web-based tools based on a composite outcome of survival and NDI at
18-22 months have been developed and validated by the National Institute of Child Health
and Human Development Neonatal Research Network (NICHD NRN).>4>¢ However, no known
prognostic models have been developed for surviving VPT/VLBW children predicting

outcomes in each separate developmental domain.

The objective of this systematic review was to consolidate the evidence on factors for poor
neurodevelopment in surviving children born VPT/VLBW to inform future prognostic
research. The aim was to identify all studies reporting a multivariable outcome prediction
model for either motor function, cognition, hearing, vision and/or behavioural problems in
VPT or VLBW children. The risk factors examined and reported by these studies, and the

strength of their association with outcome was summarised for each outcome domain.
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This chapter describes the methods of the systematic review and presents a summary of the
search results. Characteristics related to the design and conduct of each study and the
development, validation and reporting of risk prediction models are reported for all the

articles identified by the search and included for data extraction.

2.2 Methods

The methods for the overall systematic review were published in a protocol

(http://www.crd.york.ac.uk/PROSPERQ/), registration number CRD42014006943 (Appendix 1).

2.2.1 Search strategy

Three electronic search strategies were devised in the MEDLINE, EMBASE and PsycINFO
databases (Appendix 2) using the National Institutes of Health Medical Subject Headings (NIH
MeSH). The searches identified any journal articles published from 1st January 1990 to 1st
June 2014 reporting a multivariable risk prediction model for a neurodevelopmental outcome
assessed after the age of 18 months in VPT/VLBW children. No language restrictions were
applied. The search was confined to published journal articles and reports and excluded
conference abstracts, letters, theses, dissertations, other unpublished sources and the grey
literature. This was to ensure that the risk factor analyses included in the review had
undergone peer review and passed the minimum standards of quality required by a journal
for publication. Conference abstracts, letters and other short correspondence were not
included, even if published, as they do not contain enough information to assess the quality
of the work and the likelihood of selective reporting. The list of articles identified by the
search strategies were exported to Endnote X6 for screening. The bibliographies of all articles

included for full data extraction were hand-searched for further eligible articles.

44


http://www.crd.york.ac.uk/PROSPERO/

2.2.2 Eligibility criteria and rationale
Articles were included in the review if they satisfied the following eligibility criteria:
= (Contained original data;
= Study population was born after 1st January 1990;
= Study population was <32 weeks GA or with BW <£1250g and not a highly select group
based on other clinical criteria;
= One objective was to perform a multivariable risk factor analysis (>2 variables) of a

neurodevelopmental outcome assessed after 18 months of age.

2.2.2.1 Study design

Most studies reporting risk factor data are observational and include cohort, case-control and
cross sectional designs. Some RCTs report the neurodevelopmental follow-up of trial
participants receiving a particular treatment or intervention. All study designs were included,
but the strength of study design was taken into consideration in a risk of bias assessment.
Prospective cohort studies with a representative population are the strongest design for risk
factor analysis and can provide the absolute risk of an event. Case-control studies may be
subject to bias, arising from the selection of cases and controls and the retrospective nature
of data collection about prognostic factors, and can only provide relative risk estimates in the
form of odds ratios. Cross-sectional studies can only report factors associated with the
outcome, and cannot provide information about the causal pathway or prediction. However,
both these study designs can provide useful information, particularly for rarer outcomes, and
when the required duration of follow-up is long, e.g. for behavioural and higher order
cognitive outcomes. RCTs may be based on a selective population with stringent eligibility

criteria, but are likely to have robust follow-up data. The trial treatment allocation should be
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adjusted for in any study presenting a risk factor analysis using the combined control and
treatment arms of a trial population, even if the treatment did not impact on the primary

outcome, as it could have affected the risk of other secondary outcomes.

2.2.2.2 Year of birth

The year 1990 was chosen as a cut-off date because significant advances were made in
treatment in the mid-1980s and early 1990s. Surfactant therapy was introduced in the mid-
1980s, but was only adopted routinely in clinical care from the early 1990s. This was a time
of transition from the 'pre-surfactant' era of high mortality and morbidity to the 'surfactant
era' of improved survival and prognosis.®>*® The increased use of assisted ventilation,
prophylactic infection control and antenatal steroid therapy around this time also improved
the outcomes of preterm infants. After 1990, no major new medical advancements have had
significant impact on survival and developmental outcome. Survival to discharge in infants
born between 22 and 25 weeks of gestation in England has increased from 40% to 53% over
the period 1995 to 2006.1% Despite this, the overall rate of disability and impairment remained
similar over the same period, so the prognosis of surviving infants born in the 1990's is likely

to be fairly similar to the prognosis of surviving infants born after 2000.

2.2.2.3 Gestational age and birth weight criteria

One aim of the systematic review was to inform the longitudinal analysis of a cohort of EPT
children in the second part of this study. However, the literature based on EPT children is not
as extensive as it is for VPT and VLBW children, therefore studies based on children born £32
weeks GA or with BW <1250g were also included. The prognosis of these slightly older and
more mature babies should be informative for the more extreme group as GA and BW are on

a continuous spectrum and the mechanisms determining severity of outcome are likely to be
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similar. The GA range included 32 completed weeks, even though the conventional definition
of a VPT birth is <32 weeks, so as not to exclude studies based on the large EPIPAGE cohort,
which have made important contribution to research in this area. The BW truncation point of
<£1250g was chosen to exclude the subset of more mature but extremely growth restricted
infants included in the typical <1500g VLBW cohort which can cause heterogeneity and lead
to confounding bias when examining the relationship between risk factors and outcome.>®
Studies based on a highly select population of VPT/VLBW children using other clinical criteria
were excluded, such as those with those with brain injury or those judged to be at high risk,
to ensure that the results were more widely representative and thus applicable to the general

VPT/VLBW population.

2.2.2.4 Type of risk prediction model

Two types of risk prediction studies can be distinguished in the literature; explanatory
prognostic factor studies and multivariable outcome prediction studies.®®®! Explanatory
prognostic factor studies investigate the causal pathway between a single prognostic factor
and an outcome, ideally adjusted for confounders, and estimate effect size. For example, a
study which hypothesises that BPD is linked to cognitive delay, and then explores this
relationship, adjusting for potential confounding factors associated with the BPD and
cognitive delay. In these types of study, other risk factors are included based on the change
in the regression coefficient of the prognostic factor under study. Other types of study
considered as belonging to this category included those where the focus of the research
guestion was to use early outcome assessments, neonatal scoring systems, brain scan data or

genetic markers to predict later neurodevelopmental outcomes.
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The second type of risk prediction study, which has the aim of developing a multivariable
outcome prediction model, starts with a list of candidate risk factors which are included in
the final model based on their predictive ability of the outcome. For example, a study that
identifies several variables that are possible candidate risk factors from the literature, and
then uses a univariable screening process to eliminate poor predictors and a multivariable
model building process to determine the most robust predictors of the outcome of interest.
Current guidelines recommend not combining these two distinct types of study as their
objectives and model building strategies differ which, when synthesised, could lead to biased
results.® Therefore only multivariable outcome prediction models are included in this review
because the primary aim is to identify a robust set of predictors, rather than focus on the

causal effect of individual predictors separately.

2.2.2.5 Neurodevelopmental outcome assessed 18 months and above

Studies were included if one objective was to perform a multivariable risk factor analysis for
any aspect of neurodevelopmental outcome related to motor function, cognitive function,
hearing, vision or psychiatric problems at 18 months or older. The search strategy targeted

outcomes that have been reported previously in the literature, and examples are given below:

Motor function - CP, motor coordination, gait, mobility, movement disorder, dystonia,

neurological disorder;

= Cognitive function - executive function, memory, language, attention, verbal skills, 1Q,
phonological skills, reading, writing, maths, learning disabilities;

= Hearing - hearing impairments, use of aids, deafness;

= Vision - visual impairments, use of glasses, blindness, refractive errors, myopia;
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= Behavioural problems and psychiatric disorders - ADHD, ASD, emotional or
behavioural disorder, depression, internalising or externalising behaviours, anxiety.
Studies reporting outcomes before 18 months were not included as assessments in very early
infancy have been found to have limited utility in predicting future outcome,®%% even in
healthy term-born children.®* Assessments at 18-24 months are not always reliably predictive,
particularly for non-severe conditions,®>®” however as very few cohorts are followed up
beyond two years this age group was not excluded. The data synthesis was stratified by age

of assessment to address this issue.

2.2.3 Data extraction

All articles identified by the search strategies were screened on title and abstract for definite
exclusions and duplicates (screen 1). For the remaining articles, the full text was retrieved and
the inclusion criteria were applied (screen 2). The two screens were performed by the author
(LL) in the first instance, but if there was uncertainty about the eligibility of an article, it was
screened independently by a second reviewer Reem Malouf (RM). If a decision could not be
reached it was referred to the rest of the author review team Jennifer Kurinczuk (JK), Neil
Marlow (NM) and Joan Morris (JM). Non-English articles included in the review were fully
translated. Multiple articles based on the same cohort of children underwent a panel review
(LL, RM and NM). Those reporting the same outcome domain (cognitive, motor, behaviour,
hearing, vision) at the same age of assessment (<5 years and 25 years) were assessed on
relevance to the review, and only one article was selected for data extraction. The age bands
specified in the original protocol (18-24 months; 3-5 years; 6-12 years; >13 years) were

collapsed to <5 years and 25 years as there were too few articles in the older age bands.
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For all articles eligible for inclusion, both reviewers (LL and RM) independently completed a
full data extraction form and risk of bias assessment on a customised MS Access 2010
database. Every single item entered was manually cross-checked for discrepancies at a face-
to-face meeting and referred to the rest of the author review team if agreement could not be
reached. The data items extracted are listed in Box 2.1. If critical information was missing or
unclear the corresponding author was contacted once by email for clarification. The data

extraction forms used can be found in Appendix 3.

Box 2.1: Data items extracted from articles included in the systematic review

study design

participant setting

centre selection

study location

year of birth

gestational age

birth weight

age at assessment

selection criteria of study population
sample size

completeness of data at follow-up
details of outcomes assessed
number of candidate risk factors assessed
variable selection

treatment of continuous variables
adjustment for confounders

method of analysis

model assumptions checked

missing data analysis

presentation of multivariable model
details of risk factors included in final model
strength of association

statistical validation

clinical validation
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2.2.4 Types of risk factors
All types of risk factors were included, provided the focus of the research question was to fit
a multivariable outcome prediction model for a neurodevelopmental outcome. Risk factors
can be classified into several categories (examples are provided below but these lists are not
exhaustive):

= |nfant characteristics - GA, BW, sex, ethnicity;

= Antenatal - multiple pregnancy, parity, antenatal steroids, chorioamnionitis;

= Delivery - complications during labour and delivery, mode of delivery;

= Neonatal - base deficit, bradycardia, brain scan or ultrasound, Clinical Risk Index for

Babies Score, Apgar score, type of milk, duration in neonatal intensive care;

= Neonatal complications - IVH, PVL, BPD, PH, ROP, PDA, NEC;

= Anthropometry - weight, height, length, head circumference;

= Assessments after discharge - neurological, motor, cognitive, behavioural screen;

= Environmental - SES, maternal/parental education, parental employment, parent

mental health status, maternal interaction.

2.2.5 Risk of bias assessment

Several reviews have evaluated the quality of published articles that describe the
development or validation of prediction models, and overwhelming evidence shows that
conduct and reporting are poor,® leading to the development of quality assessment tools
specific for these types of study. In this review, the quality of studies was assessed according
to a modified version of the Quality in Prognostic Studies (QUIPS) tool, which is a standardised
set of criteria recommended for use in reviews of prognosis®® (Appendix 4). The authors

advise tailoring these criteria to each individual review, hence slight modifications were made
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to the criteria based on knowledge of the studies in this research field and suggestions from
other sources.”®’2 The tool focuses on six areas of potential bias pertinent to studies of
prognosis: study participation, study attrition, prognostic factor measurement, outcome
measurement, confounding measurement and account, and statistical analysis. The Cochrane
Handbook for Systematic Reviews of interventions’® recognises four sources of potential
systematic bias in randomised and non-randomised comparisons of healthcare interventions,
including: selection bias, performance bias, attrition bias and detection bias. The QUIPS tool
encompasses the usual four sources of bias assessed, but has adapted them for more
meaningful and practical use in studies of prognosis. Studies were graded as [yes/partly/no]
for each domain and classified as having a low-moderate risk of bias if they were graded as

[yes] or [partly] in all six bias domains and moderate-high risk of bias otherwise.

The domain for confounding measurement and account is more relevant for explanatory
prognostic factor studies which focus on investigating the causal pathway between a single
prognostic factor and an outcome, adjusted for confounders. Confounding per se is not an
issue when developing a multivariable prediction model, as the aim is to find the factors that
maximise the prognostic power of the model. However, there are important variables that
one would expect to be included in the list of candidate factors at the outset, based on
previous epidemiological work: GA or BW, sex, multiple pregnancy and markers of social
disadvantage. Therefore to meet the full criteria in this domain, a study had to consider all
these factors in the initial screening. If the study sample was drawn from a randomised
controlled trial (RCT) population, the study was penalised if trial allocation was not adjusted
for in the risk factor analysis as a treatment intervention could potentially affect the risk of an

outcome.
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2.2.6 Data synthesis and reporting

Results were presented in accordance with the PRISMA guidelines.”® Risk factors that were
statistically significant (p<0.05) in the final model were reported for each study in a table.
Studies were grouped according to type of outcome studied and according to age of
assessment; <5 years and >5 years. The studies were stratified by age as outcome
assessments are typically more unreliable before the age of five. Also assessments in early
infancy are more crude measurements of development; cognitive assessment relies to some
extent on motor function and vice versa, whereas assessment in later childhood measures
higher order cognitive functions and finer motor skills. The results were stratified to take
some account of these differences between age groups, as risk factors may differ. A risk factor
was presented graphically if it was statistically significant in the final model in at least one
study at low-moderate risk of bias and included in the final model of at least two other studies
(including studies at moderate-high risk of bias) within the same outcome domain. The plots
display the number and quality of all studies that entered that risk factor in the final model
and whether it was reported as a significant predictor or not significant. The decision to only
include risk factors entered into the final model in at least three studies was pragmatic as
multitudes of risk factors were considered across studies, and if all of them were displayed
the graphs would have a very long tail showing risk factors that were only considered by one
or two studies. As a consequence it would not be possible to make any clear statements about
the prognostic value of any factors with such a lack of evidence, so the graphs were truncated

at the point at which they were considered to be non-informative.

Some articles contained multiple models for the same outcome domain, which has

implications for the independence of observations; if all models were included in the data
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synthesis for that outcome domain then some study populations would be included more
than once. To ensure that a single study population was not over-represented, one model
was selected per outcome per study for the purposes of data synthesis. The reason for
selection and details of the models omitted are referenced in the relevant table footnote for
individual studies. The general approach was as follows: the full/principle model presented
for the latest assessment/global score was selected for inclusion and any further subgroup or
sensitivity analyses were not included. If joint models were presented including exactly the
same participants, for example, the same outcome with a different model parameterisation,
then risk factors were only included in the graphical summary if both models agreed. If
separate models were presented for independent subgroups, for example by GA group, with
no overall model presented then risk factors were included in the graphical summary if

significant in any of the models.

2.3 Results

2.3.1 Search results

The searches retrieved 44,500 articles, and after removing duplicates, the first screen on title
and abstract was performed on 32,283 articles (Figure 2.1). For 29,999 the title or abstract
clearly indicated that the topic of the article was not relevant to the review question or did
not satisfy one of the inclusion criteria. The remaining 2,284 articles were screened on full
text, applying the full set of eligibility criteria. Eligibility was unclear in 136 (6%) and these
were reviewed by the second independent reviewer (RM), or the author was contacted

(where uncertainty was due to missing information). After applying the eligibility criteria, 91
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articles (from 48 cohort populations?) containing multivariable risk factor analyses were
eligible for inclusion. Following panel review (LL, RM and NM), a further 13 articles were
excluded as they reported the same outcome domain in the same age group of assessment
in the same cohort as another article with a more relevant objective.”>®” The remaining 78
articles,14346,55,75,88-160 renorting 222 risk prediction models, were included in the data
extraction. Twenty-eight articles reported a risk factor analysis for motor outcomes, 31 for
cognitive outcomes, 15 for behavioural problems or psychiatric disorders, three for visual
outcomes and no articles for hearing outcomes. Twenty-seven articles reported a risk factor
analysis for a composite outcome comprised of any combination of the other
neurodevelopmental domains, and some studies reported risk factor models in more than

one domain. No further articles were identified in the hand-search of bibliographies.

2.3.2 Study design

The characteristics of the 78 studies that were included for data extraction are shown inTable
2.1. The main study design was cohort (91%) and there were five RCT populations, one case-
control study and one cross-sectional study. Of the 71 prospective cohorts, half (n=36) were
ascertained from all live births in a geographically defined region and half (n=35) were
recruited from NICU admissions. Forty-five percent (n=35) of studies recruited from a single
centre and 55% (n=43) from multiple centres. Seventy-nine percent (n=62) collected risk
factor and outcome data prospectively, but 17% (n=13) extracted data retrospectively from

hospital records or a database, and in 27% (n=21) of studies the outcome data was collected

2 Studies based in any centre participating in the NICHD NRN follow-up programme were classified as belonging to the same
cohort.
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Figure 2.1: Search and selection process used to identify published studies that developed

a multivariable risk factor model for neurodevelopmental outcome children born VPT or
with VLBW
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Table 2.1: Designs of studies presenting a multivariable risk factor model for neuro-
developmental outcomes in VPT/VLBW participants included in the systematic review

Number (%) of studies (n=78)

Study design:
Cohort 71 (91%)
RCT 5 (6.4%)
Case-control 1 (1.3%)
Cross-sectional 1 (1.3%)
Participant selection:
Live births 36 (46%)
Admissions to NICU 35 (45%)
RCT participants 5 (6.4%)
Selected from a database 1 (1.3%)
Not clear 1 (1.3%)
Centre selection:
Single centre 35 (45%)
All centres in a geographical -defined region 30 (38%)
Multicentre (non-random) 13 (17%)
Data extraction:
Prospective 62 (79%)
Retrospective 13 (17%)
Not clear 3 (4%)
Routine follow-up:
No 57 (73%)
Yes 21 (27%)
Continent of study:
Europe 46 (59%)
North America 17  (22%)
Australia and New Zealand 12 (15%)
Japan 2 (2.6%)
International 1 (1.3%)
Start year of recruitment:
1990-1995 25 (32%)
1996-2000 33 (42%)
2001-2010 20 (26%)
GA and BW inclusion criteria:
VPT (<30 to <32 weeks) 24 (31%)
EPT (<25 to <29 weeks) 19 (24%)
ELBW (<1000g) 16 (21%)
Other GA/BW combination 19 (24%)
Exclusion criteria:
Congenital anomalies 34 (44%)
Severity of disability 22 (28%)
Multiples 7 (9%)
Age of assessment (years)
1.5-2 34 (44%)
3-5 21 (27%)
6—12 17 (22%)
Other 6 (8%)

Sample size (number assessed at follow-up):
Median {IQR} 219 {141, 461}
[Range] [40, 7632]




Fifty-nine percent of studies were conducted in Europe, 22% in North America, 15% in
Australia and New Zealand, 3% in Japan and one study was based on an international RCT
population. Most of the European studies were conducted in France (n=11; 7 from the
EPIPAGE cohort'®?), followed by the UK (n=9; 4 from the EPICure cohort®’) and the
Netherlands (n=8). From North America, 15 were conducted in the US and two in Canada; 11
of the US studies were based on centres participating in the NICHD NRN programme that
routinely follows up infants to 18-22 months. Fifty-five percent of studies defined the study
cohort using GA only and 21% used BW only, the remaining studies used some combination
of the two. European studies used solely GA criteria more commonly than other areas of the
world (70%) and North American studies tended to favour the use of BW criteria; the NICHD
NRN cohorts have an inclusion criteria of <1000g. Australian studies were more likely to use

a combination of GA and BW than the other two main regions.

The most common age of assessment was 18-24 months (44%, n=34), but 27% studies
followed up children to between 3-5 years and 22% to between 6-12 years. Six studies had an
age range that spanned over more than one of these categories. No studies were found that
performed a risk factor analysis beyond the age of 12 years in the VPT (<32 weeks)/VLBW
(£1250g) population as defined by this review. The median sample size was 219 {IQR: 141 to
461} and 11 studies had more than 1000 participants. No studies performed a sample size or
power calculation in relation to the risk factor analysis, and only one study referred to the

number of events per variable in the modelling process.!*
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2.3.3 Model development

The median number of risk factor models presented per study was two and 25% of studies
presented four or more models. To avoid the over-representation of studies presenting
multiple models, the characteristics of the first model presented in the article was selected
to summarise model characteristics. Most studies used the same techniques to develop their
models and reported them the same way, so selecting just one model from each article to
summarise model building, reporting and validation was thought to be a good reflection of

practices adopted in the literature.

A summary of the model building techniques used is presented in Table 2.2. The median
number of candidate risk factors considered at the outset was 17 [range: 3 to 51] and in seven
studies it was unclear what the initial list of factors were. Seventy two percent (n=56) of
studies provided a rationale for their choice of candidate factors, or used a comprehensive
list with wide coverage (220 factors), but 28% (n=22) studies with less than 20 candidate
factors gave no rationale at all. Sixty nine percent (n=54) of studies categorised some or all of
the risk factors or outcomes that were measured on a continuous scale. In many cases there
was a clinical rationale or a widely adopted convention was used, such as a threshold of 3 SD
below the mean for IQ score to denote severe cognitive impairment, but the use of arbitrary
thresholds with no justification was also widespread practice. The derivation and coding of
outcomes and risk factors were described clearly in 85% (n=66) of studies and the main

method of analysis used was linear or logistic regression.
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Table 2.2: Model development of the first model presented in each study included in the
systematic review of risk factor models for neurodevelopmental outcomes in children
born VPT or with VLBW

Number (%) of studies (n=78)

Number of candidate risk factors at outset:

Median {IQR} 17 {11, 24}
[Range] [3, 51]
Unclear 7 (9%)
Rational for candidate risk factors
Yes 29 (37%)
No, but wide coverage (>20) 27  (35%)
No 22 (28%)
Treatment of continuous risk factors:
All left as continuous 17  (22%)
Some categorised 33 (42%)
All categorised 21 (27%)
No continuous risk factors 1 (1%)
Unclear 6 (8%)
Coding of risk factors and outcome clearly described: 66 (85%)

Statistical model
Linear/logistic regression 74 (95%)

Multinomial/ordinal logistic regression 2 (3%)
Multilevel modelling 1 (1%)
Unclear 1 (1%)
Method of initial screening of candidate risk factors:
No screening - all included 33 (43%)
P-value from univariable model 22 (28%)
P-value from multivariable model 6 (8%)
Other 7 (9%)
Unclear 10 (13%)
Model building strategy:
All candidates/screened candidate risk factors included 30 (39%)
Stepwise selection 27  (35%)
Backward selection 9 (12%)
Forward selection 4 (5%)
Other 3 (4%)
Unclear 5 (6%)
Any interaction terms fitted: 2 (3%)
Any non-linear terms fitted: 0 (0%)
Any factors forced into the final multivariable model: 15 (19%)
Multicollinearity of risk factors mentioned/discussed: 11 (14%)
Model fit/assumptions checked: 15 (19%)
Number of risk factors in final multivariable model:
Median {IQR} 5{4, 9}
[Range] [0, 25]
Unclear 1(1.0%)
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Forty-three percent (n=33) of studies entered all of the candidate variables into the
multivariable model, 28% (n=22) only included candidate factors with a p-value below a set
threshold in a univariable test of association with outcome and 8% (n=6) screened variables

using multivariable analysis. The most popular method of model building after initial
screening (or no screening) was to simply include all factors (39%, n=30) regardless of
statistical significance, and stepwise selection (35%, n=27). Two studies attempted to fit some
interaction terms and no studies reported fitting non-linear terms, and less than 20%
discussed the issue of multicollinearity between risk factors or checked model assumptions
and fit. Nineteen percent of studies (n=15) forced risk factors into the final model regardless
of statistical significance; sometimes this was justified by the authors, for example based on
other literature, but sometimes no explanation was given. The median number of risk factors

included in the final prediction model was 5 {IQR: 4 to 9}.

A summary of the reporting and validation (if performed) of models is presented in Table 2.3.
In studies where infants were lost to follow-up between hospital discharge and the outcome
assessment, 30% (n=21) did not include a comparison of baseline characteristics between
those lost to follow-up and those assessed. Generally the reporting of study attrition was
quite poor, making it difficult to assess how representative the children assessed were of the
original study sample recruited. Only 25% (n=19) of studies presented the amount of missing
data for each variable included in the final model and only 31% (n=24) reported the number
of infants included in the final model, so in most studies it was impossible to assess how
representative the final analysis population was. Nearly three-quarters (n=57) of studies
reported the point estimates, confidence interval or standard errors, and the p-value or

significance level for all model coefficients included in the final
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Table 2.3: Reporting and model validation in studies included in a systematic review of
risk factor models for neurodevelopmental outcomes in children born VPT or with VLBW

Number (%) of studies (n=78)

Comparison of lost versus not lost to follow-up:

No 21 (30%)

Yes 48 (70%)

N/A — all followed up 9
Missing data presented for each variable:

No 51 (67%)

Yes 19  (25%)

For some variables 6 (8%)

N/A — none missing 2
Number of participants included in final model reported: 24 (31%)
Point estimates of model coefficients reported:

No 8 (10%)

Yes — all variables 57 (73%)

Significant variables only 7 (9%)

Selected variables only 6 (8%)
Confidence intervals/standard errors of model coefficients reported:

No 11 (14%)

Yes — all variables 56 (72%)

Significant variables only 5 (6%)

Selected variables only 6 (8%)
P-value/significance level of model coefficients reported:

No 5 (6%)

Yes — all variables 55 (71%)

Significant variables only 11 (14%)

Selected variables only 7 (9%)
Any statistical validation performed: 4 (5%)

If yes, type of validation

Discrimination 4

Split sample 1
Published in format for clinical use: 2 (3%)

multivariable model. However, 27% (n=21) of studies only reported these estimates for

selected variables, or failed to report them at all.

Four studies®>107:117,145 35sessed the performance of the final model using statistical validation
techniques. All four reported the area under the receiver operating curve which measures the

discriminatory ability of the model to differentiate between individuals by severity of

62



outcome. One study!!’” produced a decision tree/algorithm based on their model and
another®> produced a web based tool to predict either death or NDI (a composite of CP,
deafness, blindness, motor or cognitive delay) for use in clinical practice (see the Outcome
Trajectory Estimator at https://neonatal.rti.org/OTEstimator/). In this study the model was
developed by randomly splitting the dataset into a development set (70%) and tested the
model in a validation set (30%). The calculator produced can predict the probability of death,
death or NDI, and NDI alone. The Outcomes Estimator developed by Tyson et al°* that predicts
death and death/NDI combined using five factors (on the same website) has been externally
validated in independent populations,®®162, however the model for NDI only (included in this

review) has not yet been externally validated.

2.3.4 Risk of bias assessment

The overall results for the risk of bias assessment (Appendix 4) for all 78 studies are shown in
Figure 2.2; the individual results for each study included in the synthesis of motor, cognitive
and behavioural outcomes are reported in Chapters 3-5. Only 36% of studies fully satisfied
the criteria for the selection of study population domain. To meet the full criteria, the study
population had to be a prospective cohort of all live births in three or more centres with a
sample size of at least 200 at discharge. Also sufficient information about the flow of
participants from recruitment to discharge had to be reported to demonstrate that the study
sample was representative of the general population of VPT/VLBW infants. Among the 49%
of studies that did not meet the criteria in this domain, the most common reason was because

recruitment was based in a single centre NICU.

To fully satisfy the criteria for the study attrition domain, a study had to have a follow-up rate

of at least 80% in children up to five years of age, and at least 70% in children aged over
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Figure 2.2: Risk of bias assessment using a modified version of the QUIPS tool
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five years. Also the study needed to fully report the number of children lost to follow-up with
reasons, perform a comparison of lost versus not lost to follow-up and address any important
differences found. Only 36% of studies met all of these criteria, and generally the reporting of
study attrition was quite poor, making it difficult to assess how representative the children
assessed were of the original study sample recruited. Some studies included a diagram
showing the flow of participants which was very useful, particularly when there were multiple

assessments over time with dropouts and exclusions occurring at different stages.

The outcome measurement domain was fully satisfied by 23 (29%) of studies and partly
satisfied by 45 (58%) of studies. If the study reported more than one outcome, then the worst
graded outcome was used for the scoring. The most common reasons for a study being
downgraded were unblinded assessment, blinding not reported, and outcome based on
parent report. Apart from the lack of or non-reporting of blinding, outcomes were generally
measured using comprehensive, well-validated tests or assessed using standardised
diagnostic criteria. The 13% of studies that did not satisfy the criteria in this domain collected
outcome data retrospectively, used data from routine clinical assessments with no standard
protocol or strict diagnostic criteria, or used selected items from a validated instrument rather

than the whole tool.

For the prognostic factor measurement domain, 68% of studies partially met the criteria. In
general, risk factors were fairly well defined and clearly coded. Although most studies
categorised some or all continuous variables, these were frequently based on widely used
standard clinical criteria. The majority of studies also used a wide range of factors from
different domains or provided some rationale for the inclusion of candidate variables. The

most inadequately reported item in this domain was missing data for each prognostic factor
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which is why only 23% of studies met the full criteria. Most studies did not report missing data
separately for each outcome and risk factor and few reported the number of infants in the

final model.

Thirty-one studies (40%) included GA or BW, sex, multiple pregnancy and at least one marker
for social disadvantage in the list of candidate factors, but 44 (56%) of studies omitted at least
one of these factors at the outset. The most frequently omitted factor was multiple

pregnancy.

Twenty-two studies (35%) met the full criteria for the statistical analysis and reporting domain
which required an appropriate statistical model for the study design and data, a model
building strategy, with statistical methods and results reported fully and clearly. The most
common reason for marking a study down was including all the candidate factors in a model
with no model building strategy, a lack of clarity about the model building process (if there

was one), and selective reporting of results.

2.3.5 Data synthesis of prognostic factors for poor neurodevelopmental outcome

The data synthesis and discussion of findings for motor/neurosensory, cognitive and
behavioural outcomes are reported in Chapters 3-5. Twenty seven studies were based on
composite outcomes comprising two or more outcome domains. The data from these models
were not synthesised as the composites outcomes were too heterogeneous to be
comparable. Furthermore, the findings from the review of motor, cognitive and behavioural
outcomes suggested that different mechanisms underlie development in these domains,
hence identifying risk factors for a composite outcome, would not have added any further

clarity. A brief summary of the composite outcomes used is provided below.
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2.3.6 Summary of composite outcomes

Twenty-seven studies reported a risk factor analysis for a composite outcome comprising two
or more of the outcome domains; motor or cognitive function, hearing, vision, behaviour and
death after discharge.55,89,91,94—96,99,102—105,108,116,122,127,129,131,137—140,142,144, 149,151,153,155  The
domains used were summarised by age of assessment. The most common combination of
outcomes used was from the motor, cognitive, vision and hearing domains. Two studies in

142

this category also included death after discharge'** and death after 36 weeks post menstrual

agel®t

as part of the composite, and two other studies in this category were based on the
Amiel-Tison assessment.'®®> The second most common combination was motor function,
cognition and behaviour; two studies in this category used the Brunet-Lezine Revised
assessment®* and the two other studies used the Griffiths Mental Development Scale.16>

Both of these scales include items relating to the three components and combine them to

produce a global developmental quotient (DQ) score.

Table 2.4: Outcome components used in the 27 studies reporting a risk factor analysis for a
composite outcome by age of assessment

Age at assessment

Components 1.5-2 years 3-5 years 6-12 years Total
Motor/Cognition/Vision/Hearing® 11 2 3 16
Motor/Cognition/Behaviour 3 1 0 4
Motor/Cognition/Vision/Hearing/Behaviour 1 1 1 3
Motor/Vision/Hearing 0 1 2 3
Motor/Cognition/Vision 1 0 0 1
Total 16 5 6 27

a2 studies also included death after discharge or >36 weeks post menstrual age as part of the composite.

Apart from the four studies using a DQ score and the two studies based on the Amiel-Tison
assessment, all other studies included in Table 2.4 used separate criteria for each component

and children were classified as having NDI if they fulfilled the criteria for at least one
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component. The most common criterion used in the motor domain was a diagnosis of CP
(n=18) followed by having a motor score from the Bayley Scales of Infant Development
(BSID)%167 helow a predefined threshold (n=6). Similarly, having a cognitive score from the
BSID below a predefined threshold was the most common criterion used to define cognitive
delay (n=10), followed by IQ from another validated measurement tool (n=6). In the vision
domain, blindness was used as the criterion in 11 studies and visual impairment (including
blindness) was used in eight studies. In the hearing domain, deafness was used in seven
studies and hearing impairment (including deafness) was used in 11 studies. In the three
studies that included a behavioural domain (and did not use a global DQ score), a positive

screen for ADHD was used as the criterion.

2.4 Discussion

The aim of the systematic review was to synthesise the available evidence from multivariable
prediction models of neurodevelopmental outcome in children born VPT or VLBW aged over
18 months. The search resulted in 78 eligible articles that were included for data extraction
in the following outcome domains: motor (n=28 articles), cognitive (n=31 articles), behaviour
(n=15 articles), vision (n=3 articles), hearing (n=0 articles) and a composite outcome (n=27
articles). All studies were conducted in developed countries, which was not surprising as as a
basic level of intensive care is required to keep VPT/VLBW infants alive in the first place. As
many of these babies do not survive in developing countries, the developmental outcome of

the few who do has not yet been highlighted as a major public health issue.

The risk of bias assessment highlighted a number of strengths and weakness in the research

methodology and reporting of the studies identified. Also the data extracted on study design
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and conduct, model development, validation and reporting revealed a number of issues which
future studies should try to address. For each of the main issues, recommendations are made
based on the latest literature in the field, and discussed in relation to the findings of the

review.

2.4.1 Study design

2.4.1.1 Selection of participants

The optimal study design for prognostic research in the VPT/VLBW population is a prospective
cohort of all live births in all centres in a geographically defined region, where the sample
represents the source population and exposure to risk factors can be measured prior to an
outcome occurring.1®® However, only 32% of studies in the review fulfilled the optimal study
design and many were conducted in a single centre NICU. Studies based in a single centre,
while convenient, have less generalisability due to centre differences in service provision,
management practices and the socio-economic/ethnic characteristics of the local population.
Also, single centre NICU populations tend not to be representative as they generally have a
different case-mix compared with the wider VPT/VLBW population, containing a higher
proportion of infants with poorer outcomes due to referrals of higher-risk infants from lower-
level centres. Data from RCTs can be used to study prognosis, provided the treatment
allocation is included as a predictor variable, though such studies may have restricted

generalisabillity if strict trial eligibility criteria were used.

There was a lack of consistency in the GA and BW criteria used nationally and internationally
to define cohorts, with some studies using prematurity or BW alone and other using a

combination of both. Before the routine use of ultrasound, cohorts were generally defined by
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BW due to the unreliable measurement of GA. Although there has been a shift from using BW
defined cohorts in the last two to three decades, even studies conducted more recently used
varying criteria. The typical VLBW cohort can be a fairly heterogeneous group due to the
inclusion of the more mature but extremely growth restricted infants, and it is recommended
that epidemiological studies of very small or immature newborn infants should be based on
GA rather than BW criterion.>® This is because the confounding of fetal growth status and

maturity could lead to a distorted relationship between potential risk factors and outcome.

2.4.1.2 Sample size and events per variable

It is generally recommended that there should be a minimum of 10 outcome events per
predictor variable (EPV) when using logistic regression models for predictive modelling, and
models where the EPV is less than five should be interpreted with caution.'®® As the number
of EPV declines below 10, simulation studies have shown an increase in bias and variability,
unreliable confidence interval coverage and problems with model convergence.'’? Overfitting
is a particular problem when small samples are used for predictive modelling, which can lead
to the performance of the model being overoptimistic in the dataset from which it was
developed.!’! The median sample size of studies included in the review was 219 and the
median number of predictors in the final models was five, which means that, on average,
studies lacked the power to detect associations in any outcome with an event rate of less than
20%. It is difficult to calculate a suitable sample size for risk prediction studies, and risk factor
analysis is often a secondary aim when planning a cohort study, however, it is advisable not

stray too far below the recommended number of events per variable.
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2.4.2 Model development

2.4.2.1 Definitions of outcomes and risk factors

The measurement and assessment of outcome were generally clearly defined and robust in
the studies included in this review, although it would be helpful to have more international
agreement and standardisation, for example in the diagnostic criteria used by studies to
define CP. There was more consistency across studies in the tests used to measure motor and
cognitive outcomes than those used in the other outcome domains, however the use of
different cut-points for impairment and the use of continuous scores makes it difficult to
compare findings. Few studies reported whether assessments were blinded to previous
medical history. For risk factor variables, some conditions such as BPD and IVH grading were
defined quite consistently across studies, whereas other factors such as sepsis and NEC varied
in definition or were not clearly defined at all. It is recommended that outcomes should be
assessed prospectively using comprehensive, well-validated tests or using standard diagnostic
criteria with a strict protocol, blinded to previous medical history. The definitions of outcomes
and risk factors should be described clearly in sufficient detail if the model is to be correctly

interpreted and applied by other researchers.

2.4.2.2 Coding and modelling of continuous variables

The factors retained in the final model, and the value of their coefficients are strongly
influenced by the coding and methods used to model continuous and categorical variables.1”?
The categorisation of continuous predictors should be avoided as this results in a loss of
information and statistical power. It also results in the classification of individuals who are
close but on either side of the chosen cut-point as apparently having very different levels of

risk.1”® Using cut-points that are data-driven, such as the sample median, are problematic
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when the model is transported to a different study population.’ Forty-two percent of studies
included in the review categorised some of the continuous risk predictors used in the
modelling process, and 27% categorised them all. Assessing whether the relationship
between a continuous predictor and an outcome is linear or nonlinear is also important; in
the latter case the use of splines and fractional polynomials is recommended.!’? It is unclear
how often this is done in practice, but none of the studies appeared to consider the fitting of

non-linear terms.

2.4.2.3 Selection of risk predictors

There is no overall consensus on the best strategy to select variables for inclusion in a
prognostic model, however some approaches are not recommended. This includes screening
candidate factors using univariable (sometimes called bivariable) tests of association with
outcome, as the correlation with other risk factors is not controlled for. This can result in the
rejection of important predictors that only become prognostic after adjustment for other
factors.17917> Twenty-eight percent (n=22) of studies adopted this approach and in 13% (n=10)
the screening strategy was unclear. A further 43% (n=33) of studies included all candidate
variables, but 25 of these studies started with fewer than 20 variables at the outset, so it is
likely that some preselection process was applied but not reported. It is important to report
any procedure used to reduce the number of candidate variables in sufficient detail so that

the degree of coverage (of factors considered) can be assessed.

Automated variable selection processes, such as forward selection, backward elimination or
stepwise approaches, are cautioned against as they are data-driven and ignore clinical

plausibility. This can lead to poorly performing models with biased regression

72



coefficients.}’1176.177 Some important risk factors that are well-established in the literature
may not always be statistically significant in a particular dataset, but it is advisable to include
these in the development process. The preferred approach is to start with the full model and
eliminate factors (by reviewing the effects of removing variables one at a time, taking both
statistical significance and clinical relevance into consideration) as this avoids overfitting and
selection bias and provides correct estimates of standard error.1’® The level of significance
has a major effect on the number of variables retained; a 1% level will almost always result in
a more parsimonious model than a 5% level. However, this approach can be problematic
when there are a large number of candidate factors, as is usually the case when predicting
neurodevelopmental outcome in the VPT/VLBW population, due to the vast amount of data
usually collected during the neonatal period and the many environmental factors that can
affect development following discharge. Six studies>>10>119,120125158 jn the review adopted a
sequential multivariable approach to prediction, fitting candidate factors in stages according
to the time frame in which they occurred or according to themes, such as clinical and socio-
demographic. This approach seems reasonable, given that prognosis in these children is a
complex and dynamic process, with environmental factors potentially superseding the

influence of early biological factors as the child grows up.

2.4.3 Reporting and model validation

2.4.3.1 Attrition and missing data

One area that could be improved is the reporting of study ascertainment and attrition. While
this was excellent in some studies, it was lacking in many others which made it difficult to
determine how representative the study populations were. In prospective cohorts where

children are followed up at multiple time points, the numbers and reasons for exclusions and
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dropouts at each stage should be clearly reported in a flow diagram. In retrospective studies,
the number of infants assessed for inclusion should be reported, in addition to the number
selected for inclusion, which is important for assessing the risk of selection bias. There is
evidence of selective drop-out in studies of preterm children, with those lost to follow-up
more likely to be severely impaired or have mothers with a lower level of education,3%179:180
therefore it is important to report and assess the potential impact of drop-out on the results.
While the majority of studies reported that a comparison of children lost versus not lost to
follow-up had been conducted, the data relating to this was not always fully reported in the
article (or provided as supplemental material). If further participants are excluded from the
final model due to missing data, the representativeness of analysis population should also be
assessed, however the majority of studies did not even report the number of participants
included in the final model after excluding those with missing outcome or risk factor data. The
number of participants and the number of outcome events contributing to the data for each
risk factor should be clearly reported, as well as the total number of participants contributing

to the final model.

2.4.3.2 Model reporting and validation

Some studies only reported the results for selected variables in the final model, or only
provided p-values or the regression coefficients with no confidence intervals. The absolute
minimum that should be reported are the regression coefficients with confidence intervals
for all factors retained in the final model, but it is also helpful to report the results of any
intermediate stages of model development (as supplemental material if space is not
permitted). If researchers wish to go further and develop a prognostic model, its performance

can be assessed for calibration (comparing observed and predicted outcomes for groups),
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accuracy (comparing the observed and predicted outcome for individuals) and discrimination
(ability to distinguish between individuals at low and high risk of developing an outcome).
These tests can be carried out on the data used to derive the model, but should also be carried
out on new data, either from the same source (internal validation) or ideally on data from an
independent source (external validation) to evaluate the transportability of the model.
Methods of internal validation include split-sample (splitting the sample randomly into a
'training' set for model development and a 'test' set for model validation), cross-validation
(developing a model in each set and testing it on the other set) and bootstrapping (resampling
with replacement). The latter two resampling methods are more effective than the split-
sample approach, which is inefficient and results in a loss of power, and therefore are the

25,107,117,145 in the review

preferred approach for internal validation.®®!8! Only four studies
assessed the performance of the model, and in three this was limited to a single measure of

discrimination. Only one study® went further and used the split-sample method of internal

validation and produced a tool available online that could be used in clinical practice.

2.4.4 Strengths and limitations of the review

The search filter used in this review was intentionally broad at the expense of accuracy in
order to capture all studies with risk factor analyses, which resulted in a large number of
articles retrieved. This approach is recommended for reviews in fields in which clinical
prediction models are largely underdeveloped, rather than a more specific search filter, which
would have had a high false negative rate, leading to many articles being missed.'8? No
language restrictions were imposed and no further articles were identified in the hand-search
of bibliographies of all studies included, so it is unlikely that there were any major omissions.

The birth year of study cohorts spanned over a 24 year period and some of the factors
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affecting outcome in the early 1990s may not be so relevant in current preterm populations.
Also, some studies in the review were published before the proliferation of comprehensive
guidelines on the conduct and reporting of research studies (http://www.equator-
network.org/), and may not reflect the standards of more current work. Furthermore, many
of them preceded the publication of the large literature that now exists on risk prediction

modelling. Specific reporting guidelines for this field have only just emerged.%®

A major challenge in this review was the number of studies from the same cohort population
that overlapped in time period of recruitment, type of outcome assessed and age of
assessment. For example 20 studies based in centres from the NICHD NRN were eligible for
inclusion in this review, of which 11 were included>>88389.110,128,132,133,145,148,143,155 gnd njine
were omitted.”®’88> Including them all would have led to an over-representation of this
population and a lack of independence if the same participants were included in more than
one study. A panel was convened to review such studies before reviewing the results, and
selected studies based on relevance and objective, though it was not possible to apply a strict
set of criteria to each set of overlapping studies. Another source of multiplicity was when a
single study reported more than one model for in the same outcome domain. Again, it was
difficult to apply a standard set of criteria for inclusion, but bias was minimised by making

selection decisions before the synthesis was performed.

It was not possible to conduct a quantitative synthesis of the size of effect for any robust
prognostic factors identified by the review, as explanatory prognostic factor studies that
investigate the causal relationship between a single risk factor and outcome were not

included in the review. For example, to perform a meta-analysis to estimate the relative risk
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of CP for each grade of IVH, one would have to include all the articles that focus solely on IVH

as a risk factor for CP, in either a univariable analysis or adjusting for confounders.

2.4.5 Conclusions

This systematic review of 78 published articles reporting multivariable risk factor models for
neurodevelopmental outcome in surviving VPT/VLBW children revealed some shortcomings
in methodology and reporting that could be improved in future studies, and confirmed that
that there is a dearth of properly designed and well-conducted prognostic modelling studies
in this field. Modelling long-term outcome in such a heterogeneous population is challenging;
often with the existence of multiple impairments within the same individual and with multiple
risk factors acting sequentially over time. In the three published reviews of risk factors for
cognitive and motor impairment and behavioural problems that were based on these studies,
the evidence for most risk factors was mixed or unclear (Chapters 3-5). This may be due to
the difficulty of modelling prognosis in this population, but also due to differences in study
design, study population, methodological quality and lack of standardization of measures. The
findings and recommendations of this critical review should be used as a basis for the design
and analysis of future studies seeking to develop multivariate risk factor or prognostic models
in this population. The reporting of future prognostic studies should follow the recent TRIPOD

guidelines on the transparent reporting of prognostic research.%®

Most of the studies did not follow up children beyond two years, and none of the studies
beyond 12 years. There is an urgent need for larger population cohorts, followed up routinely
beyond two years, as assessments are not always reliably prognostic at this age, particularly
for non-severe conditions,*®® and the prediction of less common outcomes needs greater

power. The use of meta-analysis to determine the strength of association of the prognostic

77



factors identified by the review, including the results of single risk factor studies, would also

be a valuable future direction.
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Chapter 3: Prognostic factors for motor and
neurosensory impairment in children born VPT
or with VLBW: systematic review results

3.1 Introduction

Surviving infants born VPT or with VLBW are at high risk of developing motor and neurosensory
deficits in early childhood. The prevalence of CP is higher in preterm children and inversely
related to GA.1°4183.184 |n 3 Swedish study, the prevalence of CP per 1000 live births during 2003
to 2006 was: 71.4 for births <28 weeks GA, 39.6 for 28-31 weeks GA, 6.4 for 32-36 weeks GA
compared to 1.4 in term born infants >36 weeks GA.'® Even in children without CP or obvious
neurological impairment, subtle abnormalities may be present, such as difficulties with balance,
co-ordination and fine motor function. These relatively minor motor difficulties in otherwise
normally functioning children are known as developmental coordination disorder (DCD),'® and
are often not diagnosed until school age. The prevalence DCD is around 5-6% in the general
population,8 but has been reported to be much higher in VPT/VLBW children with prevalence

rates of between 30 and 40%.°0:109,186

Visual impairment is more common among VPT/VLBW children compared to their term born
peers, due to incomplete vascularisation and unstable oxygenisation at the time of birth. The
more preterm the infant, the greater the risk of ROP during the neonatal period, which is a
major cause of childhood blindness in developed countries.!®” Blindness and severe visual
impairment is inversely related to GA, with rates of 4-8% reported in infants born 25 weeks

GA and below and 1-2% in infants born 26-27 weeks.®>15>188 Qpthalmic morbidity (defined as
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visual acuity below 0.0 log units, the presence of strabismus, myopia, colour vision defect or
visual field defect) has been reported to be as high as 51% in low BW children aged 10-12
years compared to 20% in children not born with low BW.8° The need for prescription glasses
is related to GA, with 24% of EPT children requiring them by the age of six years compared
to 4% of term controls.®® This large disparity persists into adulthood, with rates of 64% in

ELBW adults versus 37% in normal BW controls.'°

VPT/VLBW children are also at increased risk of hearing impairments during early childhood
as the rapid audiological development which occurs before 32 weeks is disrupted. Neonatal
hearing loss increases with decreasing GA, ranging from 7.5% in infants born at 24 weeks of
gestation to 1.2% in infants born at 31 weeks.*®! In a cohort of six year old EPT children, 6%
required hearing aids and 4% had mild hearing loss compared to 1% of term controls.®> In
addition, a more subtle hearing abnormality known as disordered central auditory processing,
has been reported to be more common in preterm children when assessed at eight years of

age.1?

Among the 78 articles that were identified in the systematic review and included in the data
extraction, 28 contained risk factor analyses for motor outcomes.8%°0,93,96,98,101,107,109,111,117,
118,123,126,128,129,132,134,140,141,147,149-151,154,155,158-160 These Studies were based on 19 cohort
populations; five other articles based on motor outcomes were excluded due to cohort
overlap.”81838 Three articles of the 78 reported risk factor analyses for visual
impairment, 104113114 and no articles were found for hearing impairment. In this chapter, the
results from the 28 articles on the risk of CP and/or motor impairment and the 3 articles on

the risk of visual impairment are reported and synthesised where possible.
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3.2 Data synthesis of prognostic factors for motor impairment

3.2.1 Study characteristics
The main study design was prospective cohort (n=26); there was also one case-control

126 and one RCT population.1?® Of the 26 prospective cohorts, 12 were ascertained from

study
all live births in a geographically defined region®%°396,98,111,123,129,147,150,151,154,158 gnq nine were
recruited from a single centre NICU,101,107,109,117,118,132,149,159,160 Gt\,djes were conducted in 15
countries: US (n=5), Australia (n=5), France (n=3), Netherlands (n=3), Canada (n=2), Finland
(n=2) and 1 study each from Denmark, Estonia, Germany, Japan, Norway, Sweden,
Switzerland and the UK & Republic of Ireland. The median sample size was 236 [range: 48 to
3785]. Three studies had more than 1000 participants®>931>> and the remaining studies had
545 or less. Only two studies were restricted to extremely preterm children; <28 weeks'*° and
<26 weeks'®8, Two studies examining risk factors for CP excluded multiple births.8%126 The risk

of bias assessment classified 13 (46%) studies as having a low-moderate risk of bias and 15

(54%) studies as having a moderate-high risk of bias (Figure 3.1).

From the 28 studies identified, 44 risk factor models for motor outcome were included in the
review. The models were divided into the following outcome domains for data synthesis: CP
diagnosis, motor impairment measured by scales and neurological dysfunction not diagnosed
as CP. Models based on motor impairment measured by scales were further divided into
those that included the whole cohort representing the whole spectrum of disability, and those
that excluded children with major disability; typically defined as a CP diagnosis and/or severe
neurosensory or cognitive impairment. Several studies presented models for more than one

type of motor outcome domain or reported multiple subtests within a domain. The median
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Figure 3.1: Risk of bias assessment of the 28 studies reporting motor outcomes
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number of candidate risk factors considered at the outset was 17 [range: 6 to 45]. For the
initial screening of candidate factors to be entered into the final model, 25 (57%) included
them all and 13 (30%) included those with a p-value below a set threshold after initial
screening. The most popular method of model building after initial screening was to include
all factors screened 16 (36%) and stepwise selection 13 (30%). Only 16 (36%) models reported
the number of participants included in the final model presented. Two studies!?’!17 assessed
model discrimination using the area under the receiver operating curve and one also
presented the model as a decision tree for clinical application,'?” but apart from that no other

studies performed any type of statistical or clinical validation.

3.2.2 Prognostic factors for cerebral palsy

Twelve studies contained a risk factor analysis for CP; seven studies assessed outcome
between 1.5-2.5 years!?6:140,150,151,154,155,158 (Tahle 3.1) and five studies between 5-8 years
(Table 3.2).89°3,107,111,129 Risk factors that were found to be significant in at least one study at
low-moderate risk of bias and examined in the final model of at least two other (independent)

studies are presented in Figure 3.2 by age of assessment (<5 years and 25 years).

There was strong evidence that brain injury diagnosed during the neonatal period was
predictive of CP; in 11 studies out of the 12 that entered this factor in the final model, it was
statistically significant in 9 (OR range: 2.3 to 43).8993107,111,140,151,154,155,158 | the nine studies
that found brain injury significant, four combined IVH grade 3-4 and periventricular
leukomalacia PVL into a single variable;107/111140.151 gne study used IVH grade 3-4 only;*>* one

158 3nd three

study defined brain injury as parenchymal pathology and/or ventriculomegaly,
studies entered IVH and PVL as separate variables.8%93155 |n the latter three studies, IVH grade

3-4 was significant in all models and PVL was significant in the two largest studies.®31°>
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Table 3.1: Summary of studies reporting risk factor analyses for cerebral palsy in children born VPT or with VLBW aged <5 years

on Bax.!»

Study reference Country and Age of GA (weeks) Design and participants Number (%) Definition and assessment of cerebral palsy as reported Significant risk factors
[identifier] recruitment assessment and/or BW of survivors (p<0.05) in final model
period (years) (grams) assessed?
Tommiska (2003)**°  Finland 1.5 <1000g PC of all live births in Finland enrolled 208 (100%) Non-progressive motor impairment with spastic or dystonic No AN steroids, hospital area, vaginal
[A] 1996-1997 for the national routine FUP. muscle tone, brisk tendon reflexes, positive Babinski’s sign delivery.
and primitive reflexes. Clinical examination by a neurologist
at local centre.
Vohr (2005)> us 1.5-1.8 <33w and PC of infants admitted to the NICU of 12 3785 (80%) Moderate-severe CP defined as non-ambulatory or requiring No AN steroids, BPD, IVH 3-4, male sex,
[B] 1993-1998 <1000g centres participating in the multi-centre an assistive device for ambulation. Neurological examination PN steroids, PVL.
NICHD NRN routine FUP. based on Amiel-Tison'* by a trained, blinded
developmentalist.
Schlapbach Sweden 1.5-2 <28w PC of infants admitted to the NICU of 9 541 (77%) SCPE classification. Assessed by developmental paediatricians  IVH 3-4/PVL, proven sepsis.
(2011)0 2000-2007 Swiss perinatal centres participating in at 1 of the 9 follow-up centres.
[C] the neonatal network routine FUP.
Vincer (2006)>* Canada 2 <31w PC of all live births of mothers resident 545 (97%) Definition complied by Bax.'** Assessed in a general physical No AN steroids, era of birth, GA<28w,
[D] 1993-2002 in the province of Nova Scotia and and neurodevelopmental examination. Diagnosis of infants IVH 3-4, PDA, PN steroids, RDS,
enrolled in the perinatal FUP. with suspected CP confirmed by a paediatric neurologist. resuscitation in delivery room.
Toome (2013)%1 Estonia 2 <32w PC of all live births in Estonia enrolled in 155 (99%) SCPE classification. Physical assessment by a paediatrician IVH 3-4/PVL 2-4.
[E] 2007 the national neonatal research routine and neurological examination by a child neurologist in 1 of 2
FUP. centres.
Matsuda (2000)'26®>  Japan 2-2.5 <31w Unmatched case-control study of all 192 (22 cases,  Chronic disability of CNS origin, characterised by aberrant Intrauterine infection.
[F] 1992-1996 deliveries in a single centre 170 controls) control of movement or posture and non-progressive. All
(Kagoshima). Multiple births excluded. physical findings on presumed CP cases were reviewed
retrospectively by a developmental paediatrician.
Wood (2005)58 UK and 2.5 <26w PC of all live births in the UK and 283 (92%) Non-progressive disorder of movement and posture. Enteral feeding by day 7, male sex,
[G] Republic of Republic of Ireland (EPICure Study). A structured neurological examination based on Amiel- moved hospital <24h, parenchymal
Ireland 1995 Tison%3 was performed and Classified retrospectively based pathology and/or ventriculomegaly,

PN steroids >8w.

2 Percentage of survivors assessed for outcome; not all included in the final model.
b2 models for CP reported. Model using the total sample of 192 children included. Model excluding children with antenatal complications not included.
Abbreviations: AN antenatal; BPD; bronchopulmonary dysplasia; CNS central nervous system; CP cerebral palsy; FUP follow up; GA gestational age; IVH intraventricular haemorrhage; NICU neonatal intensive care unit; NICHD NRN National
Institutes of Child Health and Human Development Neonatal Research Network; PC prospective cohort; PDA patent ductus arteriosus; PN postnatal; PVL periventricular leukomalacia; RDS respiratory distress syndrome;

SPCE Surveillance of Cerebral Palsy in Europe.?®
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Table 3.2: Summary of studies reporting risk factor analyses for cerebral palsy in children born VPT or with VLBW aged 25 years

excluded.

and neurological examination by a certified nurse practitioner
under supervision of a developmental paediatrician.

Study reference Country and Age of GA (weeks) Design and participants Number (%) Definition and assessment of cerebral palsy as reported Significant risk factors
[identifier] recruitment assessment and/or BW of survivors (p<0.05) in final model
period (years) (grams) assessed?
Hansen (2004)1! Denmark 5 <28w or PC of all live births in Denmark 252 (94%) SCPE classification. One physician blinded to neonatal course IVH 3-4/PVL, NEC (surgery or x-ray
[H] 1994-1995 <1000g ascertained from all 18 neonatal care conducted all assessments. Formal neurological assessment diagnosed).
units and the Danish Medical Birth only performed if abnormal tone, gait or posture.
Register (ETFOL Study).
Mikkola (2005)'2° Finland 5 <1000g PC of all live births in Finland enrolled 193 (94%) A neurological examination using a modified partial Touwen No AN steroids, earlier GA, hospital
[ 1996-1997 for the national routine FUP. test.’®” Results were classified according to Hadders-Algra.?® area.
Beaino (2010)* France 5 <33w PC of all live births in 9 French regions 1817 (75%) SCPE classification. Children with abnormal neurological Cystic PVL/ IPH, IVH 2-3 echo-
[J] 1997 comprising one third of all births examination underwent expert review to validate and classify  densities/VD, male sex.
(EPIPAGE Study). diagnosis.
Franz (2009)107b Germany 4.6-7 <30w and PC study of Infants admitted to a single 219 (83%) Gross Motor Functioning Classification Scale (GMFCS)**° >1. IVH/PVH >3, lower maternal education,
[K] 1996-1999 <1500g centre level-3 NICU (Ulm University). ROP >3, smaller HC SDS gain (birth to
discharge).
Andrews (2008)° us 5-8 <32w PC of consecutive live births in a single 261 (70%) Defined as abnormal muscle tone in at least 1 extremity and African-American race, history of
[L] 1996-1999 centre (Alabama). Multiple births abnormal control of movement and posture. General physical  seizures, IVH 3-4, NEC.

2 Percentage of survivors assessed for outcome; not all included in the final model.
b2 models for CP reported. Same perinatal factors fitted with change in weight variables added to 1st model and change in head circumference variables added to 2nd model. Perinatal factors reported as significant if p<0.05 in both models
and non-significant if p>0.05 in both models.
Abbreviations: AN antenatal; CP cerebral palsy; FUP follow up; GA gestational age; HC SDS head circumference standard deviation score; IPH intraparenchymal haemorrhage; IVH intraventricular haemorrhage; NEC necrotising enterocolitis;
NICU neonatal intensive care unit; PC prospective cohort; PVH periventricular haemorrhage; PVL periventricular leukomalacia; ROP retinopathy of prematurity; SPCE Surveillance of Cerebral Palsy in Europe;°® VD ventricular dilatation.
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Figure 3.2: Evidence synthesis of risk factors for cerebral palsy in children born VPT or with VLBW

Age at assessment <5 years (n=7 studies)
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Bronchopulmonary dysplasia (BPD)

Number of studies

Note: Risk factor presented if significant (p<0.05) in the final model of at least one study at low-moderate risk of bias and
entered into the final model of at least 3 studies (across all ages).

Brain abnormality/injury: IVH grade 2-4 [A]; IVH grade 3-4 [D/1]; IVH grade 3-4 and/or PVL [C/E/H/K]; IVH grade 3-4 and PVL
separately [B/J/L]; Parenchymal pathology and/or ventriculomegaly [G].

BPD: Oxygen requirement at 36 weeks GA [B/C/E/G/H/I/J]; Not specified [L].

NEC: Perforated NEC [A/1]; Surgical or x-ray diagnosed [H]; NEC stage 2-3 [E]; Not specified [J/L].

RDS: Severe hyaline membrane disease (ventilator dependent) [D]; Not specified [A/J/L].

Sepsis: Confirmed with positive blood culture [C/E]; Early or late [B].

Key

Study has low-moderate risk of bias and
sample size>1000

Study has low-moderate risk of bias

Study has moderate-high risk of bias

A-Z Study identifier
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The two studies at moderate-high risk of bias that did not find brain injury diagnosed in the
neonatal period significantly predictive of CP in the final model used IVH grade 2-4'*° and

grade 3-4.12°

There was some evidence that postnatal steroids administered in the neonatal period was
associated with a diagnosis of CP at around two years of age with three studies at low-
moderate risk of bias reporting significance in the final model (OR range: 2 to 5)1°#15>158 and
one study at low-moderate risk of bias reporting non significance.’®® However, postnatal
steroid use was not found to be prognostic in the single large study based on diagnosis at five
years.? In the two studies that reported non-significant findings, the prevalence of treatment
with postnatal steroids was much lower (5% and 18% of the cohort population compared to
30-60% in the significant studies). Wood et al**® examined the effect of the duration of
postnatal steroid use and found that only those treated for more than eight weeks were at

substantially increased risk of CP.

The use of antenatal steroids were found to be significantly protective for CP in two studies
at low-moderate risk of bias®®**>> and one study at moderate-high risk of bias!*° based on
diagnosis of CP at around two years of age (OR range: 0.3 to 0.66) and not significant in one
study at low-moderate risk of bias.?>! One study at moderate-high risk of bias,*?° based on the
same cohort as a study included in the <5 year age band,**° corroborated this result at five
years. Most of these studies reported that around 80% of the study population had been

exposed to antenatal steroids.

The relationship between male sex and CP was conflicting in both age groups; three studies

at low-moderate risk of bias,®*1>>158 including the two largest studies, found that males were
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significantly more likely to develop CP, however four other studies at low-moderate risk of
bias!11140.151154 gnd three studies at moderate-high risk of bias!?”12%150 did not support this
finding. The range of ORs in the significant studies was 1.4 to 2.3 and only of borderline

statistical significance.

Earlier GA was found not to be predictive of CP in seven of the nine studies including this as a

factor in the final model.89:93:107,140,150,151,155

3.2.3 Prognostic factors for motor impairment measured by scales

Six studies presented a risk factor analysis for motor impairment in children of all levels of
disability (Table 3.3)128132,134,147,149,155 and 10 studies in children free of major disability (Table
3.4).96,98,101,109,111,117,118,123,158-160 The most common assessment used before five years was
the Psychomotor Development Index (PDI) from the BSID-11.1%¢ This is a comprehensive,
rigorously validated test which is widely used as a standardised assessment of key
developmental milestones in infants up to 42 months. The PDI assesses gross and fine motor
development, involving some aspects of psychological functioning. All studies assessing
motor development in children free of major disability after five years used the Movement
Assessment Battery for Children (MABC).2°° The MABC is a validated norm-referenced test
that measures fine and gross motor skills in three key areas: manual dexterity, ball skills and
static/dynamic balance. A total score <5th centile is indicative of definite DCD, and a total

score <15th centile represents a borderline motor impairment.

The risk factors emerging from the four studies reporting outcomes prior to five years for
children of all levels of disability128134147.155 gre summarised in Figure 3.3. There were only two

studies at low-moderate risk of bias in this grouping and the results are dominated by the
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largest study.'®>> There was evidence that the use of postnatal steroids were associated with
motor impairment in three studies,'3414715 but no other clear patterns emerged from this
small sample of studies. The results from the 10 studies assessing motor development in
children free of major disability?® 21313740 gre also summarised in Figure 3.3. In the seven
studies using the total score from the MABC after five years of age, the score was treated as
continuous in four studies,01111.123,160 djchotomised at <15th centile in two studies!®>*'7” and
at <5th centile in one study.%® Male sex emerged as the only risk factor for which there was
evidence of an association with motor impairment in children free of major disability, in both
age groups. All four studies at low-moderate risk of bias®®111123158 gnd three studies at
moderate-high risk of bias!1’118160 that included male sex in the final model found a significant

association.

3.2.4 Prognostic factors for neurological dysfunction not diagnosed as CP

Seven studies presented risk factor analysis for general neurological dysfunction®107
129,141,150,158,159 (Tgble 3.5). The outcome measures were heterogeneous and there were only
one or two studies within each age and level of disability stratum so it was not possible to
synthesise the results in any meaningful way, however the risk factors that were significant
in the final models are listed for completeness. Similarly to the results for CP, IVH and/or PVL

appeared to be a prominent feature in the medical history of children developing later signs

of neurological dysfunction.
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Table 3.3: Summary of studies reporting risk factor analyses for motor impairment in children of any level of disability born VPT or with VLBW

multicentre NICHD NRN routine FUP.

mean of control group). Blinded assessment.

Study reference Country and Age of GA (weeks)  Design and participants Number (%) Outcome measure (continuous (cts) unless Significant risk factors for poorer outcome
[identifier] recruitment assessment  and/or BW of survivors otherwise specified) (p<0.05) in final model
period (years) (grams) assessed?
Age of assessment <5 years
Pin (2010)%34 Australia 1.5 <30w PC of infants admitted to 4 tertiary NICUs 54 (76%) Gross motor development.Total score from PN steroids.
[M] 2006-2007 in Melbourne. Alberta Infant Motor Scale (AIMS).2°! Blinded
assessment.
Vohr (2005)> us 1.5-1.8 <33w and PC of infants admitted to the NICU of 12 3785 (80%) Fine and gross motor skills. PDI score from Adjusted age, no AN steroids, lower BW, BPD,
[B] 1993-1998 <1000g centres participating in the multicentre BSID-II (<70 vs. 270). IVH 3-4, male sex, lower maternal education,
NICHD NRN routine FUP. Blinded assessment. multiple pregnancy, PVL, PN steroids, sepsis
(early or late).
Stoelhorst (2003)147® Netherlands 2 <32w PC of all live births in 3 Dutch health 144 (61%) Fine and gross motor skills. PDI score from PN steroids, SGA.
[N] 1996-1997 regions comprising 9% of the population. BSID-1.202
Blinded assessment.
Messinger (2010)128¢ us 2.5 <1000g Infants admitted to the NICU of 12 539 (47%) Fine and gross motor skills. PDI score from Lower BRS at 18m, BW <750g, male sex, lower
[O] 1999-2001 centres participating in the multi-centre BSID-II. maternal education, lower maternal income,
NICHD NRN routine FUP and enrolled in a lower PDI at 18m.
glutamine supplementation RCT.
Age of assessment 25 years
Orchinik (2011)132¢ us 5 <28w or PC of Infants admitted to a single centre 133 (67%) Fine and gross motor skills. T-score from BOT- Neurosensory disorder and/or MDI<70 at 20m.
[R] 2001-2003 <1000g NICU (Ohio) participating in the 2 short form version??® <10th centile. Blinded
multicentre NICHD NRN routine FUP. assessment.
Taylor (2006)'4°¢ us 8 <1000g PC of infants admitted to a single centre 204 (86%) Fine and gross motor skills. T-score from BOT Model 1 (T-score<1SD): BPD, longer neonatal
[S] 1992-1995 NICU (Ohio) participating in the short form version?4 (cts and <1SD below hospital stay.

Model 2 (cts T-score): BPD, BW <750g, NEC, PN
steroids, NRI>3, longer neonatal hospital stay.

2 Percentage of survivors assessed for outcome measure specified; not all included in the final model.
b2 models for motor skills reported. Model based on 2 year outcome included. Model based on 1.5 year outcome not included.
¢Several models for motor skills fitted. Full model adjusting for 18 month PDI and BRS total score included.
4 Each risk factor was fitted separately and adjusted for sex, race, parental SES and months in school at testing (the article did not report results for the adjustment factors).
€2 models for motor skills reported; one based on dichotomous outcome and one based on continuous outcome. Risk factors reported separately for each model in the table. Each risk factor was fitted separately and adjusted for sex,

race, parental SES, family stressors and family resources (the article did not report results for the adjustment factors).

Abbreviations: AN antenatal; BPD bronchopulmonary dysplasia; BRS Behaviour Rating Scale from BSID; BOT Bruininks-Oseretsky Test of Motor Proficiency; BSID Bayley Scales of Infant Development;%¢ BW birth weight; FUP follow up; GA
gestational age; IVH intraventricular haemorrhage; MDI Mental Developmental Index from BSID; NEC necrotising enterocolitis; NICU neonatal intensive care unit; NICHD NRN National Institutes of Child Health and Human Development
Neonatal Research Network; NRI neonatal risk index; PC prospective cohort; PDI Psychomotor Developmental Index from BSID; PN postnatal; PVL periventricular leukomalacia; RCT randomised controlled trial; SGA small for gestational

age; SD standard deviation.
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Table 3.4: Summary of studies reporting risk factor analyses for motor impairment in children free of major disability born VPT or with VLBW

NICU (Brisbane).

(n not reported)

Study reference Country and Age of GA (weeks)  Design and participants Exclusion criteria for Number (%) Outcome measure (continuous Significant risk factors for poorer
[identifier] recruitment assessment  and/or BW major disability of survivors (cts) unless otherwise specified) outcome (p<0.05) in final model
period (years) (grams) assessed?
Age of assessment <5 years
Charkaluk (2010)°¢ France 2 <33w PC of all live births in 1 French region CP or severe neurosensory 347 (64%) Fine motor domain of Brunet- Longer intubation, lower parental
[P] 1997 (Nord-Pas-de-Calais, EPIPAGE Study). impairment (n=45). Lezine scale (revised).16* occupation.
Wood (2005)58 UK and 2.5 <26w PC of all live births in the UK and PDI score <55 from BSID-Il or 197 (64%) Fine and gross motor skills. PDI Breast milk in hospital, BPD, non vaginal
[G] Republic of Republic of Ireland (EPICure Study). functional motor disability score from BSID-II. breech delivery, male sex, multigravida,
Ireland 1995 (n=47). parenchymal pathology/ventriculomegaly

Janssen (2008)18 Netherlands 2-3 <33w PC of infants admitted to a single Under multidisciplinary 437 (56%) Fine and gross motor skills. PDI BPD, male sex, neonatal convulsions,
[Q] 1996-2001 centre NICU (Nijmegen) and enrolled treatment for disability score from BSID-Il (<85 vs. >85). lower maternal education.

for the Dutch neonatal routine FUP. (n=23). Blinded assessment.
Age of assessment 25 years
Hansen (2004)1! Denmark 5 <28w or PC of all live births in Denmark (ETFOL  CP or visual disability 137 (51%) Motor development. Total score Male sex.
[H] 1994-1995 <1000g Study). (n=23) from MABC. Blinded assessment.
Janssen (2009)%7 Netherlands 5 <33w PC of infants admitted to a single CP, visual disability or under 371 (47%) Motor impairment. Total score Male sex, GA <30w, IVH, PDI <90 at 30m,
[T] 1996-2001 centre NICU (Nijmegen) and enrolled multidisiplinary treatment for <15th percentile from MABC. BRS motor quality <26 at 30m.

for the Dutch Neonatal routine FUP. disability (n=31). Blinded assessment.
Dewey (2011)01 Canada 5 <1000g PC study of Infants admitted to a CP, 1Q<70 or visual impairment 103 (52%) Motor development. Total score BPD, later GA, PN steroids.
[U] 1996-2000 single centre NICU (Calgary). (n=44). from MABC.
Leversen (2011)123®  Norway 5 <28w or PC of all live births in Norway. CP or severe sensory deficit 261 (70%) Motor development. Total score Model 1 (GA <28w): No AN steroids,
V] 1999-2000 <1000 g (n=33). from MABC. earlier GA, male sex, ROP >2, SGA.

Model 2 (GA >28w): male sex, ROP 1-2.

Goyen (2009)1° Australia 8 <29w or Infants admitted to a tertiary referral CP, visual/hearing impairment, 50 (24%) Motor impairment. Total score PROM, ROP.
[W] 1992-1995 <1000g centre (Sydney) receiving high-risk 1Q<85, not attending <15th percentile from MABC.

referrals from regional centres and mainstream school (n=64).

enrolled for the routine FUP.
Davis (2007)%8 Australia 8 <29w or PC of all live births in the state of CP or 1Q>2SD below mean 210 (70%) Motor impairment. Total score Male sex.
[X] 1991-1992 <1000 g Victoria. (n=45). <5th percentile from MABC.

Blinded assessment.

Zanudin (2013a)%6° Australia 12 <1000 g Retrospective longitudinal study of CP, neurological impairment, 48 (<50%) Motor development. Total score BPD, male sex.
[Y] 1992-1994 infants admitted to a single centre 1Q >2SD below mean at 4 years from MABC.

2 Percentage of survivors assessed for outcome measure specified; not all included in the final model.
b2 models for motor skills reported for each gestational age group (<28 weeks and >28 weeks). Risk factor considered as significant in Figure 4 if p<0.05 in either model.
Abbreviations: AN antenatal; BPD bronchopulmonary dysplasia; BRS Behaviour Rating Scale from BSID; BSID Bayley Scales of Infant Development;*6® BW birth weight; CP cerebral palsy; FUP follow up; GA gestational age; 1Q intelligence quotient;
IVH intraventricular haemorrhage; MABC Movement Assessment Battery for Children;2%° NEC necrotising enterocolitis; NICU neonatal intensive care unit; NICHD NRN National Institutes of Child Health and Human Development Neonatal Research
Network; NRI neonatal risk index; PC prospective cohort; PDI Psychomotor Developmental Index from BSID; PROM prolonged rupture of membranes; ROP retinopathy of prematurity; SGA small for gestational age; SD standard deviation.
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Figure 3.3: Evidence synthesis of risk factors for motor impairment in children born VPT or
with VLBW

All levels of disability included and age at assessment <5 years (n=4 studies)

Risk factor <+— NS in final model Significant in final model —»
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Birth weight (lower) M 0
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6 5 4 2 1 2 3 £ 5 6

Free of major disability and age at assessment <5 years (n=3 studies)
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Free of major disability and age at assessment 25 years (n=7 studies)
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Number of studies

Note: Risk factor presented if significant (p<0.05) in the final model of at least one study and entered into the final model of
at least 3 studies (across all ages).

Brain insult/abnormality: IVH any grade [T]; IVH grade 3-4 [M]; IVH (or PVH) and/or PVL [H/O/U/V]; IVH grade 3-4 and PVL
separately [B/N/X]; Parenchymal pathology and/or ventriculomegaly [G]; Intracranial haemorrhage, post-haemorrhage
ventricular dilation and/or ischaemic cerebral abnormality [Q].

BPD: Oxygen requirement at 36 weeks GA [B/G/H/M/N/Q/T/U/V/Y]; Undefined [O/X].

ROP: Any grade [Q/T/V/W]; Grade 3-4 [U]; Treated [G].

Key

Study has low-moderate risk of bias and
sample size>1000

Study has low-moderate risk of bias

Study has moderate-high risk of bias

A -Z Study identifier
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Table 3.5: Summary of studies reporting risk factor analyses for neurological dysfunction not diagnosed as CP in children born VPT or with VLBW

French regions comprising
one third of all births
(EPIPAGE Study).

bilateral sensory
impairment (n=150).

(posture and muscle tone, reflexes, coordination and
balance, motor behaviour of face and eyes). Assessed
by Touwen examination (short form).>%”

Study reference Country and Age of GA (weeks)  Design and participants Exclusion criteria for Number (%) Outcome measure Significant risk factors
recruitment assessment  and/or BW major disability of survivors (p<0.05) in final model
Period (years) (grams) assessed?
Children of all level of disability
Age of assessment <5 years
Wood (2005)58 UK and 2.5 <26w PC of all live births in the UK N/A 283 (92%) Severe motor disability in one or more functional Moved hospital <24h, parenchymal
Republic of and Republic of Ireland domains: unable to walk, sit, use hands together or pathology/ ventriculomegaly, PN
Ireland 1995 (EPICure Study). control head movements. steroids >6w, PH.
Age of assessment 25 years
Schmidhauser Switzerland 6 <1250g PC of all live births in asingle  N/A 88 (87%) Z-scores from 5 components of Zurich Neuromotor PM: Multiple births
(2006)141 0 1992-1994 centre (Zurich). Assessment (NMA)2%5: Pure Motor (PM); Adaptive Fine AFM: PVL any grade.
Motor (AFM); Adaptive Gross Motor (AGM); Static AGM: IVH any grade.
Balance (SB); Associated Movements (AS). Blinded SB: No factors significant.
assessment. AS: No factors significant.
Franz (2009)107 Germany 4.6-7 <30w and PC study of Infants admitted N/A 219 (83%) Abnormal neurological examination. Mild (minor IVH/PVL >3, lower maternal
1996-1999 <1500 g to a single centre level-3 neurological signs such as broad gait, dysdiadocho- education, ROP 23, smaller HC SDS
NICU (Ulm University). kinesis or dysmetria) to severe (paresis with or without  gain to discharge, smaller weight
spasticity, CP or ataxia). Blinded assessment. SDS gain to discharge.
Restricted to children free of major disability
Age of assessment <5 years
Tommiska (2003)°¢ Finland 1.5 <1000g PC of all live births in Finland CP (n=23) 185 (89%) Other motor impairment (not CP) defined as delay in No AN steroids, IVH 2-4, male sex,
1996-1997 enrolled for the national motor development, hypotonia, hypertonia with a no maternal infection.
routine FUP. specific cause, or variable abnormalities in muscle tone
Zanudin (2013b)®s° Australia 4 <1000g Retrospective longitudinal CP, neurological 48 (<50%) Mild-moderate motor impairment (sensory-motor None significant.
1992-1994 study of infants admitted to impairment, 1Q >2SD function, posture, balance, gross and fine motor
a single centre NICU below mean at 4 years performance) using the Neurosensory Motor Develop-
(Brisbane). (n not reported) ment Assessment (NSMDA).2% Blinded assessment.
Age of assessment 25 years
Mikkola (2005)'2° Finland 5 <1000g PC of all live births in Finland CP (n=28) 165 (80%) Simple or complex minor neurological dysfunction as Hospital area, male sex.
1996-1997 enrolled for the national defined by Hadders-Algra.'®® Assessed using a modified
routine FUP. partial Touwen test.'®’
Arnaud (2007)%° ¢ France 1997 5 <33w PC of all live births in 9 CP, 1Q<50 or severe 1817 (80%) Mild and moderate minor neuromotor dysfunction Acute fetal distress, IVH 1-3/ white

matter abnormalities/ IPH, multiple
pregnancy, PN steroids.

2 Percentage of survivors assessed for outcome; not all included in the final model.
b5 models reported for each domain of the Zurich Neuromotor assessment. Risk factors reported separately for each model in the table.
¢2 models reported. Same perinatal factors fitted with change in weight variables added to 1st model and change in head circumference variables added to 2nd model. Perinatal factors reported as significant if p<0.05 in both models.

42 models for neuromotor dysfunction reported; moderate vs. no minor neuromotor dysfunction and mild vs. no minor neuromotor dysfunction. Risk factors reported as significant if p<0.05 in either model.

Abbreviations: AN antenatal; CNS central nervous system; CP cerebral palsy; FUP follow up; GA gestational age; IPH intraparenchymal haemorrhage; IVH intraventricular haemorrhage; HC head circumference; N/A not applicable; NICU neonatal

intensive care unit; PC prospective cohort; PH pulmonary haemorrhage; PN postnatal; PVL periventricular leukomalacia; ROP retinopathy of prematurity; SD standard deviation; SDS standard deviation score.

93




3.3 Data synthesis of prognostic factors for visual impairment

One low-moderate!'* and two moderate-high%*113 risk of bias studies reported risk factors

for visual impairment. The risk of bias assessment is shown in Figure 3.4.

Figure 3.4: Risk of bias assessment of the 3 studies reporting visual outcomes

Risk of bias domain

Analysis and Reporting
Low-moderate risk of bias

Prognostic Factor

Measurement
| Study Confounding
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Holmstrom (2014)

{

@)
|z

JL} | -j]é: | . Outcome Measurement
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(2@ (| Study Attrition

<

Risk of bias: 3_'/ Low &9 Moderate . High

The study at low-moderate risk of bias by Holstrom et al'!* was based on a prospective cohort
of all live births <27 weeks GA in Sweden between 2004 and 2007. At 30 months, 411 surviving
children underwent an ophthalmic examination and the outcomes used in the study were
manifest strabismus (defined as esotropia, exotropia or hypertropia/hypotropia) and a
composite score of eye and visual problems (defined as visual impairment of the worse eye,
strabismus, or refractive errors (myopia <-3D, hypermetropia >+3D, astigmatism >=2D and/or
anisometropia). For both outcomes, nine candidate variables (sex, GA, BW, small for
gestational age (SGA), BW standard deviation score (SDS), weight SDS at 36 weeks, ROP, CP

and cognitive disability) were screened in a univariable analysis then entered into a
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multivariable model and eliminated using backward selection. Three variables were
significant in both models for strabismus and the composite score; severe treated ROP stage
3-5, CP and cognitive disability, in addition BW SDS was significantly associated with manifest

strabismus and BW with the composite score.

The study at moderate-high risk of bias by Farooqi et al'® was based on a prospective cohort
of all live births <26 weeks GA and with <1000g BW in Sweden between 1990 and 1992. The
primary caregivers of 88 surviving children at age 11 years, were asked the question, “Is
(name) blind, nearly blind or does he/she have difficulty seeing?” and, “Do regular eye glasses
or contact lenses completely correct the problem?” If the response to the first question was
affirmative and not corrected by glasses, the child was classified as having reduced vision. Six
factors were entered into the model: BPD, severe ROP (>Stage 3), brain injury (IVH grade 3-4
or cystic PVL), sex, GA and social risk. Only severe ROP and brain injury were statistically
significant, but were not significant when children free of neurosensory impairment were

removed from the analysis.

Lastly, the study at moderate-high risk of bias by Hok-Wikstrand et al'!3 was also carried out
in Sweden, and based on 66 infants born <32 weeks GA in the years 1999 to 2000 in a single
hospital (Sahlgrenska University). The children were assessed at age 4-6 years for monocular
visual acuity with best correction using the KM visual acuity chart (7 children with
developmental delay were given less demanding tests). Visual impairment was defined as
visual acuity <0.3 (logMAR 0.5). Twenty peri- and postnatal variables were examined in a
univariable analysis, but it was not clear which factors were selected for entry into a stepwise
regression model. The only factor that remained significant in the final model was head

circumference SDS. The factors that were significant in at least one of the other two vision
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studies reported in this systematic review; ROP, BW SDS, brain injury and CP were included
in the univariable analysis (ROP/BW SDS were not significant and brain injury/CP were), but

it is not known if these were tested in the multivariable model.

3.4 Discussion

3.4.1 Neonatal brain injury and CP

There was strong evidence that IVH grade 3-4 alone or in combination with PVL was predictive
of CP. The importance of IVH and PVL as predictors of CP has been long established, with large
well-conducted studies that have examined these factors in isolation reporting strong linear
trends with grade of IVH and PVL,297-210 glthough the evidence for the influence of lower grade
1-2 IVH remains mixed.?11?13 The two studies that did not find brain injury significant were
based on the same cohort population and used routine data gathered from the national
healthcare system, which may have been less standardised and more liable to bias and
misclassification.??91%0 PVL alone was found to be significant in the two largest®®!>> of the
three studies that tested this as a separate factor to IVH. The non-significant result in the
smaller third study® is likely to be explained by a lack of power with fewer cases of PVL
included in the analysis. Since severe PVL is highly predictive, but also quite rare, it would
seem sensible to combine it with IVH for the purposes of prognostic modelling, to avoid it

being dropped from models based on small samples with few cases.

3.4.2 Postnatal steroids and CP
In studies where postnatal steroids were commonly prescribed there was moderate evidence
of an association with CP, whereas in two studies where the prevalence of treatment with

postnatal steroids in the cohort population was much lower®*%! the findings were non-
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significant. Several Cochrane reviews of RCTs have been performed on the use of postnatal
corticosteroids in the preterm population. Early use (<8 days) was found to increase the
incidence of CP (Relative risk (RR) 1.45, 95% Cl 1.06 to 1.98),214 though late use (>7 days) was
found to be non-significant (RR 1.22,95% Cl 0.84 to 1.77).2'° Studies that have focused solely
on the relationship between postnatal steroids and increased risk of CP have also found a
positive association.?1®217 |t is unclear whether postnatal steroids themselves are the causal
factor, or whether the reasons underlying the use of these drugs (typically in sicker, more
immature infants) are responsible for the increased risk. Since the use of postnatal steroids
has declined greatly since the 1990s, its utility as a prognostic factor is probably much less

relevant in current preterm populations.

3.4.3 Antenatal steroids and CP

There was moderate evidence that the use of antenatal steroids was a protective factor for
CP. The one study that found it not significant'>! was based on children born around a decade
later than the other studies. A Cochrane review of RCTs on the use of antenatal corticosteroids
among women at risk of preterm birth concluded that it was a non-significant protective
factor for developing CP (RR 0.60, 95% Cl 0.34 to 1.03).2!8 In four observational studies
examining the effect of antenatal steroids on CP exclusively, two found a significant
association?1%220 gnd two no significant association,?22222 though the RR was <1 in the latter
two studies, suggesting a non-significant protective effect. Recent evidence has emerged on
the neuroprotective effect of magnesium sulphate and the subsequent reduction in the
incidence of CP, when prescribed as a tocolytic or to prevent preeclamptic convulsions,?23224

however the studies included in this review predate this finding.
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3.4.4 Gestational age and CP

The inverse relationship between the prevalence of CP and GA is well established,!84225226
hence the lack of association in this review was surprising. One explanation is the restriction
to cohorts <33 weeks; the prevalence of CP declines quite steeply after 32 weeks, hence
discrimination below this threshold may become less apparent.?2® Another explanation is that
GA is associated with other critical risk factors so its power as an independent predictive
factor may be reduced due to multicollinearity with factors that are more strongly causally

related to CP, such as neonatal brain injury.

3.4.5 Participant sex and motor impairment

Male sex was found to be of limited use as a prognostic factor for CP, but there was fairly
strong evidence that it was predictive of later motor impairment in children free of major
disability. Other studies that have focussed solely on the association of infant sex with motor
function in VPT children have reported mixed findings,?2”-22° however these were not
restricted to children free of major disability. One small imaging study found that at 12 years,
VPT males without evidence of IVH or PVL on neonatal ultrasound had widespread reductions
in regional white and grey matter volumes compared to VPT females, who did not differ from
term born controls.?3! This implies that VPT males continue to demonstrate abnormal brain

development into childhood, in the absence of any brain injury in the neonatal period.

3.4.6 Other risk factors and CP or motor impairment

There were mixed or inconclusive findings for the other risk factors included in the data
synthesis, which may be due to heterogeneity among the study cohorts which span a 24 year
period and represent diverse international populations with differing methods of

ascertainment, inclusion criteria, clinical practices and environmental influences. Also studies
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did not all consider the same set of candidate factors in the outset, so some may have been

significant had they been tested.

3.4.7 Outcome measures

There was some uniformity in the outcome measures used across studies, as most studies
used the PDI from the BSID-II to assess motor skills in infancy, and the MABC to assess motor
impairment at school age. However, there were still variations on reporting and analysis with
the use of continuous scores versus dichotomous thresholds, and the methods of dealing with
missing scores (imputation or exclusion). The assessment of neurological dysfunction was less

standardised, which made it difficult to combine findings.

3.4.8 Conclusion

In the VPT/VLBW population there was strong evidence that IVH and PVL are robust
prognostic factors for CP, and some evidence that the use of postnatal steroids increases the
risk and the use of antenatal steroids reduces the risk of CP. There was moderate evidence
that male sex is prognostic for DCD and other motor impairments at school age in children
free of major disability. Gestational age was found to be of limited use as prognostic factor
for CP, probably due to a reduced discriminatory power in cohorts restricted to earlier GAs
and confounding with other important clinical events which are more strongly causally

related.

There was a lack of large, well-conducted studies examining risk factors for visual and hearing
impairment and further research is required in these areas. The three Swedish studies
included in the review of visual outcomes were of variable quality and used definitions of

visual impairment that were not directly comparable. There was some suggestion from these
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studies that severe ROP, brain injury, CP and measures of growth may be possible predictors

of later visual dysfunction, but further evidence is necessary to corroborate these findings.
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Chapter 4: Prognostic factors for cognitive
impairment in children born VPT or with VLBW:
systematic review results

4.1 Introduction

While CP and neurosensory disorders such as deafness and blindness can have a severe
impact on development, cognitive impairment is the most common neurological outcome in
infants born VPT or with VLBW and cognitive delay has been reported to be as high as 40% at
school age among EPT children born <28 weeks of gestation.5>18232 pgoor cognitive test scores
at school age are strongly related to low GA at birth, even children without severe disability

have consistently been found to have lower scores than their term-born peers.*°

In addition to being at increased risk of global cognitive impairment, VPT/VLBW children are
more likely to perform less well in tests of attention and executive function compared to their
full-term peers,?33 even after adjusting for 1Q.4>23423> They also have a higher rate of language
problems, in both the expressive and receptive domain, that persist into middle childhood.?3®
Problems with cognitive and language development mean that many VPT/VLBW survivors are
at high risk of poor academic attainment and reduced lifelong earning potential and life
chances. A significant proportion require full time specialist education, and the majority of
those in mainstream education require specialist academic, health or behavioural support

services to aid their progress through school.*
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There is likely to be a complex relationship between cognitive function, biological and
environmental factors, and clinical events both during and after the perinatal period for a VPT
birth. This relationship may change as the child grows up, as social factors potentially
supersede the influence of early biological factors, and therefore prognosis is likely to be a
dynamic process. Factors such as parent-infant interactions, maternal distress,
hospitalisation, parental socio-economic status and education, as well as access to resources
may all play an important role in modifying brain development.3® To help promote optimal
development, the contribution of all these factors to risk needs to be disentangled. The focus
of this chapter is to identify risk factors that are robust predictors of impaired cognitive
function, including language skills, executive function and academic attainment as well as

global IQ.

Among the 78 articles that were identified in the review and included in the data extraction,
31 contained risk factor analyses for cognitive outcomes.46:75888992,96,97,106,107,111,112,115,121,123-
125,128,129,132,135,136,139,144,147-151,155,156,158 These studies were based on 21 cohort populations;
five other articles based on cognitive outcomes were excluded due to cohort overlap.”37981-
8 In this chapter, the results from the 31 articles reporting the risk of cognitive impairment

are summarised and synthesised where possible.

4.2 Data synthesis of prognostic factors for cognitive impairment

4.2.1 Study characteristics
The main study design was prospective cohort (n=27); there was also one cross-sectional
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study!% and three randomised controlled trial populations.1?412>128 Of the 27 prospective

cohorts, 12 were ascertained from all live births in a geographically defined
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region?#6:92,96,97,111,123,129,144,147,150,151,158  and 10 were recruited from a single centre
NICU.75:107,115,132,135,136,139,148,149,156 Gt djes were conducted in 12 countries: US (n=9), UK (n=4),
Netherlands (n=4), Germany (n=3), Australia (n=2), Finland (n=2), France (n=2) and one study
each from Austria, Denmark, Estonia, Italy and Norway. The median sample size was 219
[range: 45 to 3785] and three studies had more than 1000 participants.8921%> Four studies
were restricted to EPT children?®®112144158 gnd three studies excluded multiple births.”>8%124
The risk of bias assessment classified 14 (45%) studies as having low-moderate risk of bias and

17 (55%) studies as having moderate-high risk of bias (Figure 4.1).

From the 31 studies identified, 98 risk factor models for cognitive outcome were included in
the review. Many studies presented models for more than one type of cognitive outcome
domain and some studies reported multiple subtests within a domain. The models were
divided into the following groups for data synthesis: global cognitive function (measured by a
general cognitive test or 1Q score), executive function, academic attainment and language
skills. The median number of candidate risk factors considered at the outset was 11 [range: 3
to 45]. In 20 (20%) models, all candidates were included in the final model with no screening
or selection process, and in 33 (34%) models a forwards, backwards or stepwise selection
process was applied. In 39 models (belonging to the same 3 studies)'3214814% egch candidate
risk factor was modelled individually, adjusting for several factors identified a priori. Only 14
(14%) of the 98 models reported the number of participants included in the final model

presented and no studies performed any type of statistical or clinical validation.
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Figure 4.1: Risk of bias assessment of the 31 studies reporting cognitive outcomes
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4.2.2 Prognostic factors for global cognitive impairment

Twenty studies contained a risk factor analysis for general cognitive function or 1Q; eight
studies assessed outcome between 1.5-2.5 years (Table 4.1)88112128147,150,151,155,158 qnq 12
studies between 5-13 years (Table 4.2).899297,107,111,123,129,132,135,144,149,156 The most common
assessment used before five years was the Mental Development Index (MDI) from the BSID-
1,18 or the Cognitive Composite Score from version I111¢7 in the more recent studies. The BSID-
Il MDI assesses cognition through evaluation of sensory-perception, knowledge, memory,
problem solving, and early language. The more recent version splits cognitive and language
skills into separate domains. There was more variety in measurement scales used in
assessments above 5 years, the most common being the Mental Processing Composite (MPC)
score from the Kaufman Assessment Battery for Children (KABC)?3” and the full scale IQ from
Wechsler’s Preschool and Primary Scale of Intelligence-Revised (WPPSI-R).238 Risk factors that
were found to be significant in at least one study at low-moderate risk of bias and examined
in the final model of at least two other (independent) studies are presented in Figure 4.2 (<5

years) and Figure 4.3 (25 years).

In studies where the age of assessment was <5 years (Figure 4.2), the two largest studies at
low-moderate risk of bias®®1>> and at least one other study at low-moderate risk of bias found
the following factors to be predictive of poorer cognitive development: male sex, non-white
ethnicity, lower parental education, lower BW and brain injury diagnosed during the neonatal
period. However, the other studies that also examined these risk factors sometimes
contradicted these findings,128147,150.151 with the exception of ethnicity. There was also some
evidence that the failure to give antenatal steroids and birth at an earlier GA were not

predictive of poorer cognitive function <5 years of age.
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Table 4.1: Summary of studies reporting risk factor analyses for global cognitive impairment in children born VPT or with VLBW at asessed <5 years of age

glutamine supplementation RCT.

reported).

Study reference Country and Age of GA Design and participants Number (%) Outcome measure Method for dealing with Significant risk factors for poorer
[identifier] recruitment assessment  (weeks)/ of survivors  (continuous (cts) unless untestable children outcome (p<0.05) in final model
period (years) BW (grams) assessed? otherwise specified)
Tommiska (2003)°0 Finland 1.5 <1000g PC of infants born and treated in a 78 (94%) MDI score from BSID-II. Excluded if severe Number of days from Jan 1st 1996 to
[A] 1996-1997 single centre NICU (Helsinki) and developmental problem birth.
enrolled for the national routine FUP. (n=3) or exhaustion (n=2).
Vohr (2005)>° us 1.5-1.8 <33w and PC of infants admitted to the NICU of 12 3785 (80%) MDI score from BSID-II Excluded if test not Birth epoch (93-94 vs. 95-96) , lower BW,
[B] 1993-1998 <1000g centres participating in the multi-centre (<70 vs. 270). Blinded completed (n=118). BPD, any high frequency ventilation, IVH
NICHD NRN routine FUP. assessment. 3-4, male sex, lower maternal education,
no private insurance, multiple pregnancy,
non-white ethnicity, outborn, PVL, PN
steroids.
Adams-Chapman (2013)88 us 1.5-1.8 <1000g PC of infants admitted to the NICU of 20 1477 (91%) Cognitive composite score  Assigned a score of 54 if Lower BW, black ethnicity, dysfunctional
[C] 2006-2008 centres participating in the multi-centre from BSID-III. Blinded severely delayed (n=39). feeding, GMFCS 22, non-English speaking,
NICHD NRN routine FUP. assessment. male sex, lower maternal education, MV
days, multiple pregnancy, NEC 2-3, no
private insurance, IVH 3-4/ PVL.
Stoelhorst (2003)'47 ® Netherlands 2 <32w PC of all live births in 3 Dutch health 146 (62%) MDI score from BSID-I. Assigned a score of 50 if Male sex, younger maternal age, non-
[D] 1996-1997 regions comprising 9% of the severely disabled (n=3), Dutch, PN steroids, SGA.
population. otherwise excluded (n=5).
Helderman (2012)112 us 2 <28w PC of all live births in 14 centresin 5 921 (77%) MDI score from BSID-II Excluded if GMFCS >1 BW <-2SD, BMI>30, male sex, lower
[E] 2002-2004 states (ELGAN Study). (<55 and 55-69 vs. 270). (n=83). maternal education, non-white ethnicity.
Blinded assessment.
Toome (2013)%1 Estonia 2 <32w PC of all live births in Estonia enrolled in 155 (99%) Cognitive composite score  Assigned a score of IVH 3-4/PVL 2-4, NEC 2-3.
[F] 2007 the national neonatal research routine from BSID-IIl (<70 vs. 270).  -4SD below the mean
FUP. (n not reported).
Wood (2005)58 UK and 2.5 <26w PC of all live births in the UK and 196 (64%) MDI score from BSID-II. Excluded if MDI<55 or Afro-Caribbean ethnicity, no AN steroids,
[G] Republic of Republic of Ireland (EPICure Study). functional motor disability BPD, male sex, lower maternal education,
Ireland 1995 (n=52). PROM.
Messinger (2010)128 ¢ us 2.5 <1000g Infants enrolled in NICHD NRN routine 539 (47%) MDI score from BSID-II. Excluded if test BW <750g, higher maternal income,
[H] 1999-2001 FUP (12 centres) and recruited to a uncompleted (n not higher MDI at 18m.

2 Percentage of survivors assessed for outcome measure specified.
b2 models for motor skills reported. Model based on 2 year outcome included. Model based on 1.5 year outcome not included.
¢ Several models for cognitive function fitted. Full model adjusting for 18 month MDI and BRS total score included.
Abbreviations: AN antenatal; BMI body mass index; BPD bronchopulmonary dysplasia; BSID Bayley Scales of Infant Development!®®; BW birth weight; GA gestational age; GMFCS Gross Motor Functional Classification System'®®; IVH intra-
ventricular haemorrhage; MDI Mental Developmental Index from the BSID; MV mechanical ventilation; NEC necrotising enterocolitis; NICU neonatal intensive care unit; NICHD NRN National Institutes of Child Health and Human Development
Neonatal Research Network; PN post natal; PC prospective cohort; PROM prolonged rupture of membranes; PVL periventricular leukomalacia; RCT randomised controlled trial; SGA small for gestational age; SD standard deviation.
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Table 4.2: Summary of studies reporting risk factor analyses for global cognitive impairment in children born VPT or with VLBW at assessed 25 years of age

the multicentre NICHD NRN routine
FUP.

centile. Blinded
assessment.

with test demands.

Study reference Country and Age of GA (weeks)/ Design and participants Number (%) Outcome measure Method for dealing with Significant risk factors for poorer
[identifier] recruitment assessment  BW (grams) of survivors (continuous (cts) unless untestable children outcome (p<0.05) in final model
period (years) assessed? otherwise specified)
Franz (2009)107 b Germany 4.6-7 <30w and PC study of Infants admitted to a 219 (83%) MPC from KABC. Blinded Assigned a core of 30 if Lower BW SDS, smaller HC SDS gain
[ 1996-1999 <1500 g single centre level-3 NICU (Ulm assessment. minimal speech and a score (discharge to 5 years), IVH/ PVH >3,
University). of 20 if minimal sensory or lower maternal education, MV days,
motor achievements elicited. ~ PVL.
Hansen (2004)1 ¢ Denmark 5 <28w or PC of all live births in Denmark 247 (94%) FIQ from WPPSI-R (cts Excluded if test not Model 1 (cts score): BPD, lower
[J] 1994-1995 <1000g ascertained from all 18 neonatal care score and <70 vs. 270). completed (n=5). Children parental education
units and the Danish Medical Birth Blinded assessement. with CP, visual disability, 1st Model 2 (<70 vs. 270): BPD, IVH 3-
Register (ETFOL Study). language not Dutch or >27w 4/PVL.
GA excluded from analysis of
continuous score (n=110).
Mikkola (2005)12° Finland 5 <1000g PC of all live births in Finland enrolled 172 (83%) FIQ from WPPSI-R (cts Excluded if cognitively Model 1 (cts score): No AN steroids,
[K] 1996-1997 for the national routine FUP. score and <70 vs. 270). impaired and unable to IVH 3-4, male sex, multiparity,
cooperate (n=9). Excluded if multiple pregnancy, lower parental
test not completed (n=12). SES, vaginal delivery.
Model 2 (<70 vs. 270): No AN
steroids, BPD, hospital area,
perforated NEC.
Leversen (2011)!23 ¢ Norway 5 <28w or PC of all live births in Norway. 248 (67%) FIQ from WPPSI-R. Excluded if CP, blind, deaf or Model 1 (GA <28w): Lower
[LIG 1999-2000 <1000 g autistic (n=33). Excluded if maternal education, preeclampsia,
test not completed (n=25). ROP>2.
Model 2 (GA 228w): Male sex.
Potharst (2012)%35 ¢ Netherlands 5 <30w or PC study of Infants admitted to a 102 (68%) FIQ from WPPSI-III Excluded if too disabled to Behaviour problems at 2 yrs, lower
[M] 2002-2004 <1000g single centre NICU (Amsterdam). be tested (n=4). MDI at 2yrs, lower parental
education, parental foreign country
of birth, sepsis or meningitis.
Beaino (2011)%? France 5 <33w PC of all live births in 9 French regions 1503 (62%) MPC from KABC (<70 and Excluded if moderate to Breast fed at discharge, cystic PVL
[N] 1997 comprising one third of all births 70-84 vs. 285). Blinded severe neuro-sensory or IPH, GA <28w, IVH grade 3/echo-
(EPIPAGE Study). assessment. disability (n=70). Excluded if densities/VD, lower parental SES,
test not completed (n=239). SGA, >3 siblings.
Orchinik (2011)32f us 5 <28w or PC of Infants admitted to a single 142 (72%) WIJ-IIl COG Brief Assigned a score of 40 if too GA <25w, infection (sepsis, NEC or
[0] 2001-2003 <1000g centre NICU (Ohio) participating in Intellectual Ability <10th low functioning to comply meningitis), IVH 3-4/PVL/ VD,

neurosensory disorder and/or
MDI<70 at 20m.
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Table 4.2: Summary of studies reporting risk factor analyses for global cognitive impairment in children born VPT or with VLBW asessed at 25 years of age

(continued)
Study reference Country and Age of GA (weeks)/ Design and participants Number (%) Outcome measure Method for dealing with Significant risk factors for poorer
[identifier] recruitment assessment  BW (grams) of survivors (continuous (cts) unless untestable children outcome (p<0.05) in final model
period (years) assessed? otherwise specified)
Andrews (2008)%° ¢ us 5-8 <32w PC of infants admitted to a single 259 (69%) WISC-IV or DAS if <6 years  Excluded if test not Model 1 (cts score): Earlier GA, PVL.
[P] 1996-1999 centre NICU (Alabama) participating or unable to complete the ~ completed (n=2). Model 2 (<70 vs. 270): No history of
in the multicentre NICHD NRN routine WISC-IV (cts score and PROM, earlier GA.
FUP. Multiple births excluded. <70 vs. 270).
Cooke (2005)°7 England 7 <32w PC of all live births in all 8 hospitals in 280 (77%) WISC-II1 (<89 vs. >89; Excluded if not free of major Earlier GA, smaller HC at 7yrs, PDA.
[Q] 1991-1992 the Liverpool postal district. mean of the group). disability and not attending
mainstream school (n=29).
Taylor (2006)14° <& us 8 <1000g PC of infants admitted to a single 204 (86%) MPC from KABC (cts and Excluded if untestable dueto  Model 1 (cts score): Longer
[R] 1992-1995 centre NICU (Ohio) participating in <1SD below mean of severe developmental neonatal hospital stay, NEC, NRI>3,
the multicentre NICHD NRN routine control group). Blinded impairments (n=10). PVL, VD.
FUP. assessment. Model 2 (<70 vs. 270): Longer
neonatal hospital stay, NRI>3, PVL,
VD.
Stahlman (2009)44 Germany 7-9 <27w PC of all live births in all 8 perinatal 75 (82%) MPC from KABC or Assigned a score of <70 if IVH 3-4/PVL.
[S] 1997-1999 centres in Schleswig-Holstein. equivalent” (<70 vs. 270). untestable due to extremely
Blinded assessment. limited capacities.
Voss (2012)>¢ Germany 10-13 <1000g PC study of Infants admitted to a 148 (87%) HAWIK-1Il composite 1Q Assigned a score of 39 (40 is HC increase <6mm/w, IVH 3-4/PVL,
[T] 1993-1998 single centre NICU (Hannover). score. the lowest possible score). immigrant status, parenteral
nutrition >41 days.

2 Percentage of survivors assessed for outcome measure specified.
b2 models for cognitive function reported. Same perinatal factors fitted with change in weight variables added to 1st model and change in head circumference variables added to 2nd model. Perinatal factors included in Figure 3b as
significant if p<0.05 in both models and non-significant if p=0.05 in both models, else not included.
¢2 models for cognitive function reported; one based on dichotomous outcome and one based on continuous outcome. Risk factors included in Figure 3b as significant if p<0.05 in both models and non-significant if p>0.05 in both models,

else notincluded.

42 models for cognitive function reported for each gestational age group (<28 weeks and >28 weeks). Risk factor considered as significant if p<0.05 in either model.
€2 models for FIQ at 5 years reported; one including 2 year developmental assessments and one including 3 year developmental assessments. The former model is reported as 2 year assessments are more routine in general practice.
fEach risk factor was fitted separately and adjusted for sex, ethnicity, parental SES and months in school at testing (the article did not report results for the adjustment factors).

8 Each risk factor was fitted separately and adjusted for sex, ethnicity, parental SES, family stressors and family resources (the article did not report results for the adjustment factors).
h 7 children were tested with an equivalent instrument; HAWIK, Snijders-Oomen Nonverbal Intelligence Test (SON-R) or the Culture Fair Intelligence Tests (CFT).

Abbreviations: AN antenatal; BPD bronchopulmonary dysplasia; BSID Bayley Scales of Infant Development;'%¢ BW birth weight; CP cerebral palsy; DAS Differential Ability Scales;?3° GA gestational age; FIQ Full-scale 1Q from WPPSI-R; HC head
circumference; 1Q intelligence quotient; HAWIK Hamburg Wechsler Intelligence Test for Children;?*° IPH Intraparenchymal haemorrhage; IVH intraventricular haemorrhage; KABC Kaufman Assessment Battery for Children;?3” MDI Mental
Developmental Index from the BSID; MPC Mental Processing Composite from the KABC; MV mechanical ventilation; NEC necrotising enterocolitis; NICU neonatal intensive care unit; NRI Neonatal Risk Index; NICHD NRN National Institutes
of Child Health and Human Development Neonatal Research Network; PC prospective cohort; PDA patent ductus arteriosus; PROM prolonged rupture of membranes; PVH periventricular haemorrhage; PVL periventricular leukomalacia;
ROP retinopathy of prematurity; SGA small for gestational age; SD standard deviation; SDS standard deviation score; SES socio-economic status; VD ventricular dilatation; WISC Wechsler Intelligence Scale for Children;?** WJ-1Il COG
Woodcock Johnson Tests of Cognitive Abilities, 3rd edition;?*2 WPPSI-R Wechsler’s Preschool and Primary Scale of Intelligence-Revised.?3®
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Figure 4.2: Evidence synthesis of risk factors for global cognitive impairment in children
born VPT or with VLBW assessed at <5 years of age

Age at assessment <5 years (n=8 studies)

<+— NS in final model Significantin final model —
Risk Factor
Male sex
Non-white ethnicity

Parental education (lower)

Birth weight (lower)

Brain abnormality/injury
Ventilation

Multiple pregnancy

Postnatal steroids

Necrotising enterocolitis (NEC)
Bronchopulmonary dysplasia (BPD)
Outborn

Maternal age (lower)

Prolonged rupture of membranes
Small for gestational age (SGA)
No Antenatal steroids

Parental SES (lower)

Retinopathy of prematurity (ROP)
Preeclampsia

Gestational age (lower)

Number of studies

Note: Risk factor presented if significant (p<0.05) in the final model of at least one study at low-moderate risk of bias
and entered into the final model of at least 3 studies (across all ages).

Brain abnormality/injury: IVH and/or PVL [B/C/D/F/H]; IVH grade 2-4 [A].

BPD: Oxygen requirement at 36 weeks GA [B/D/F/G]; Not specified [H].

NEC: Perforated NEC [A]; NEC stage 2-3 [C/F]; Not specified [H].

PROM: >24 hours before labour [G]; Not specified [A/F].

Ethnicity: Non-white [B/E]; Black [C]; Afro-Caribbean [G].

ROP: ROP stage >3 with laser therapy [F]

Ventilation: Any High-frequency [B]; Mechanical ventilation days [C/F].

Key

. Study has low-moderate risk of bias and
sample size>1000

- Study has low-moderate risk of bias

|:| Study has moderate-high risk of bias

A-Z Study identifier
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Figure 4.3: Evidence synthesis of risk factors for global cognitive impairment in children
born VPT or with VLBW assessed at 25 years of age

Age at assessment 25 years (n=12 studies)

<+— NS in final model Significant in final model —
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Number of studies

Note: Risk factor presented if significant (p<0.05) in the final model of at least one study at low-moderate risk of bias and
entered into the final model of at least 3 studies (across all ages).

Brain abnormality/injury: IVH and/or PVL [I/L/M/O/S/T]; PVL or VD [R]; Parenchymal lesion [Q];

IVH grade 1-3/echodensities/ventricular dilatation (VD)/cystic PVL/intraparenchymal haemorrhage [N].

BPD: Oxygen requirement at 36 weeks GA [J/L/M/N/O/R]; Not specified [P].

Head circumference (HC): Increase in HC from discharge to 5 years [I]; Occipitofrontal circumference 7yr centile [Q]; Increase
in HC <6mm/wk [T].

NEC: Surgical or x-ray diagnosed [J]; Bowel perforation or NEC [T]; Not specified [L/N].

ROP: ROP stage 3-4 [I/K/L]; ROP stage 4-5 or treatment with cryotherapy/laser therapy [O].

Ventilation: Any mechanical ventilation [J]; Mechanical ventilation days [I/Q/S/T].

Key

Study has low-moderate risk of bias and
sample size>1000

Study has low-moderate risk of bias

Study has moderate-high risk of bias

A -Z Study identifier
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Most of the studies examining cognitive function >5 years were at moderate-high risk of bias
(Figure 4.3). The association of parental educational level and cognitive impairment was also
evident in this age group, but the association with male sex was greatly diminished. Ethnicity
was not entered into the final model in any of the studies in older children, or not reported
when it was used as an adjustment factor,'3%149 so it was not possible to determine whether
the influence of this factor prevailed into middle childhood. Most studies in this age group
also found that birth at earlier GA had little prognostic value in a multivariable prediction

model.

4.2.3 Prognostic factors for language impairment

Risk factor analyses for language development was conducted in eight studies; five studies
assessed outcome between 1.5-3 years (Table 4.3)896125139,151 gnd three studies assessed
outcome between 5-8 years (Table 4.4), but were at moderate-high risk of bias.1>132149 There
was more heterogeneity in the types of test used to measure language skills compared to
global cognition. Figure 4.4 displays the risk factors that were found to be significant in at
least one study at low-moderate risk of bias and included in the final model of at least two

other studies.

All five studies conducted in children <5 years included male sex in the final model and
reported that it was predictive of poor language development 8896125139151 |t a5 not possible
to comment on the effect of male sex in middle childhood as two of the three studies
conducted after five years adjusted for it but did not report the results for adjustment
factors!32149 and the third study did not include sex into the final model as it was not
significant in the univariable analysis.'*> Three studies reported that lower parental

educational level was associated with poor language development?®96115> whereas two
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Table 4.3: Summary of studies reporting risk factor analyses for language impairment in children born VPT or with VLBW asessed at <5 years of age

Study reference Country and Age of GA (weeks)/ Design and participants Number (%) Outcome measure Method for dealing with Significant risk factors for poorer
[identifier] recruitment assessment  BW (grams) of survivors (continuous (cts) unless untestable children outcome (p<0.05) in final model
period (years) assessed? otherwise specified)
Age of assessment <5 years
Adams-Chapman (2013)%8°  US 1.5-1.8 <1000g PC of infants admitted to the 1477 (91%) Language Composite, Assigned a Language Black ethnicity, Feeding problems,
[C] 2006-2008 NICU of 20 centres participating Receptive Language and Composite score of 46 if GMFCS >2 at 18-22m, hearing
in the multi-centre NICHD NRN Expressive Language from severely delayed (n=39). impairment, male sex, lower
routine FUP. BSID-III. Blinded assessment. maternal education, multiple
pregnancy, MV days, non-English
speaking, no private insurance.
Charkaluk (2010)°¢ France 2 <33w PC of all live births in 1 French 347 (64%) Language domain of Brunet-  Excluded children with CP Earlier GA, intubation days, male
[U] 1997 region (Nord-Pas-de-Calais, Lezine scale (revised).16* or severe neurosensory sex, lower parental education,
EPIPAGE Study). impairment (n=45). lower parental occupation, SGA.
Sansavini (2011)%3°¢ Italy 2 <33w PC study of Infants admitted to a 150 (Not Lexical delay <10th centile Excluded children with Lexical delay: BPD, male sex.
V] 2003-2008 single centre NICU (Bologna). known) and absence of word major cerebral damage, Word combination: Male sex.
combination from hearing or visual
MB-CDI. Parent report. impairment and if bilingual
(n not reported).
Toome (2013)%1 Estonia 2 <32w PC of all live births in Estonia 155 (99%) Language Composite from Assigned a score of IVH 3-4/PVL 2-4, male sex.
[F] 2007 enrolled in the national neonatal BSID-III (<70 vs. 270). -4SD below the mean
research routine FUP. (n not reported).
Marston (2007)%° UK, Republic of 1.8-3 <29 Infants requiring endotracheal 288 (49%) Number of words spoken N/A. Any disability, male sex, longer

(w]

Ireland and
Australia
1998-2001

intubation from birth and
enrolled in a multicentre high-
frequency ventilation RCT.

from 100 word checklist
from MB-CDI (short form).
Parent report.

neonatal hospital stay, lower weight
SDS at 12m.

2 Percentage of survivors assessed for outcome measure specified.

bThe results for the Language Composite are reported, which is comprised of the Receptive and Expressive subscales.

¢2 models for language delay reported. Risk factors included in Figure 4a as significant if p<0.05 in both models and non-significant if p>0.05 in both models, else not included.
Abbreviations: BPD bronchopulmonary dysplasia; BSID Bayley Scales of Infant Development;6? BW birth weight; CP cerebral palsy; FUP follow up; GA gestational age; GMFCS Gross Motor Functional Classification System;° IVH

intraventricular haemorrhage; MB-CDI MacArthur-Bates Communicative Development Inventories;?*> MV mechanical ventilation; N/A not applicable; NICU neonatal intensive care unit; NICHD NRN National Institutes of Child Health and
Human Development Neonatal Research Network; PC prospective cohort; PVL periventricular leukomalacia; SGA small for gestational age; SD standard deviation; SDS standard deviation score.
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Table 4.4: Summary of studies reporting risk factor analyses for language impairment in children born VPT or with VLBW assessed at 25 years of age

Study reference Country and Age of GA (weeks)/ Design and participants Number (%) Outcome measure Method for dealing with Significant risk factors for poorer
[identifier] recruitment assessment  BW (grams) of survivors (continuous (cts) unless untestable children outcome (p<0.05) in final model
period (years) assessed? otherwise specified)
Howard (2011)'%5 Australia 5 <30w or PC study of Infants admitted to a 187 (83% of Expressive and Receptive Excluded if significant Expressive Language: Lower BW,
[X] 2001-2003 <1250g single centre NICU and enrolledin  enrolled) Language Skills Standard medical issue, CP or poorer communication skills at
Victorian Infant Brain Studies Scores from KSEALS. Blinded  neurosensory impairment. 24m, lower parental education,
(Melbourne). assessment. (n=12) WMA.
Receptive Language: Poorer
communication skills at 24m, lower
parental education.
Orchinik (2011)32¢ us 5 <28w or PC of Infants admitted to a single 142 (72%) Word knowledge from WJ-IIl  Assigned a score of 40 if IVH 3-4/PVL/ VD, neurosensory
[0] 2001-2003 <1000g centre NICU (Ohio) participating COG Verbal Comprehension too low functioning to disorder and/or MDI<70 at 20m.
in the multicentre NICHD NRN subtest <10th centile. comply with test demands.
routine FUP. Blinded assessment.
Taylor (2006)14° ¢ us 8 <1000g PC of infants admitted to a single 204 (91%) Picture Vocabulary from the Excluded if untestable due Model 1 (cts score): Longer
[R] 1992-1995 centre NICU (Ohio) participating WI-III (cts and <1SD below to severe developmental neonatal hospital stay, outborn.

in the multicentre NICHD NRN
routine FUP.

mean of control group).
Blinded assessment.

impairments (n=10).

Model 2 (<70 vs. 270): Outborn.

2 Percentage of survivors assessed for outcome measure specified.
b2 models for reported, one for Expressive Skills and one for Receptive Skills. Risk factors included in Figure 4b as significant if p<0.05 in both models and non-significant if p>0.05 in both models, else not included.
¢ Each risk factor was fitted separately and adjusted for sex, ethnicity, parental SES and months in school at testing (the article did not report results for the adjustment factors).
4 Each risk factor was fitted separately and adjusted for sex, ethnicity, parental SES, family stressors and family resources (the article did not report results for the adjustment factors). 2 models for cognitive function reported; one based
on dichotomous outcome and one based on continuous outcome. Risk factors included in Figure 4b as significant if p<0.05 in both models and non-significant if p>0.05 in both models, else not included.

Abbreviations: BW birth weight; CP cerebral palsy; FUP follow up; GA gestational age; IVH intraventricular haemorrhage; KSEALS Kaufman Survey of Early Academic and Language Skills;?** MDI Mental Developmental Index from the
BSID;%7 NICU neonatal intensive care unit; NICHD NRN National Institutes of Child Health and Human Development Neonatal Research Network; PC prospective cohort; PVL periventricular leukomalacia; SD standard deviation; VD
ventricular dilatation; WJ-1Il Woodcock Johnson Tests of Achievement, 3rd edition;*> WJ-1Il COG Woodcock Johnson Tests of Cognitive Abilities, 3rd edition;?*> WMA white matter abnormality.
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Figure 4.4: Evidence synthesis of risk factors for language impairment in children born VPT

or with VLBW
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studies reported no association.'>139 There were also mixed findings for the prognostic value
of being SGA. It was not possible to draw any conclusions about brain injury diagnosed in the
neonatal period as a prognostic factor, because studies used different methods to deal with
children with severe neurosensory impairment for whom standard assessments could not be
used; some imputed the lowest possible score and others excluded this group completely. As
with cognition, there was evidence from multivariable models that GA was not a strong

predictor of language development.

4.2.4 Prognostic factors for impaired executive function

Seven studies at moderate-high risk of bias presented risk factor analyses for different aspects
of executive function, all of which (except one) were based on age of assessment at 5-12
years. The median number of tests administered within each study was five and the maximum
was 13. The risk factors reported in Table 4.5 were significant in at least one of the final
models. It was difficult to combine these results in any meaningful way due to the small

number of studies using a wide variety of tests to measure interrelated cognitive processes.

4.2.5 Risk factors for poor academic attainment

Four studies (two at low-moderate risk of bias*®!?! and two at moderate-high risk of
bias!4®14%) performed risk factor analyses for academic attainment (Table 4.6), all based on
age of assessment between 5-12 years. All four presented a model of mathematical ability,
two based on letter and word identification and one based on reading scores. Again, there
were too few studies and not enough overlap in the risk factors included in the final models

to combine the results and draw any meaningful conclusion.
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Table 4.5: Summary of studies reporting risk factor analyses for poor executive function in children born VPT or with VLBW

Study reference Country and Age of GA (weeks)/ Design and participants Number (%) Outcome measure Method for dealing with Significant risk factors for poorer outcome
recruitment assessment  BW (grams) of survivors (continuous (cts) unless untestable children (p<0.05) in any of the final models.
period (years) assessed? otherwise specified)
Lowe (2009)%* us 1.5-1.8 <1000g Infants mechanically ventilated (12- 233 (80%) Object permanence Not specified. Male sex, lower emotional regulation from
2001-2003 48 hrs) and enrolled in a measured using 3 items the BSID-1I MDlI scale.
multicentre hydrocortisone therapy from the BSID-II MDI
RCT. Excluded multiple births. scale.
Orchinik (2011)32°  US 5 <28w or PC of Infants admitted to a single 148 (75%) 13 tests of executive Assigned a score of 40 for WJ- BW <750g, GA<25w, IVH 3-4/PVL/ VD,
2001-2003 <1000g centre NICU (Ohio) participating in function from a variety I1I-COG tests and lowest neurosensory disorder and/or MDI<70 at
the multicentre NICHD NRN routine of scales. Blinded possible raw score for other 20m.
FUP. assessment. tests if too low functioning to
comply with test demands.
Potharst (2012)3>¢  Netherlands 5 <30w or PC study of Infants admitted to a 102 (68%) VIQ, PIQ and PSQ Excluded if too disabled to be IVH 3-4/PVL 2-4/PHH, male sex, lower MDI at
2002-2004 <1000g single centre NICU (Amsterdam). domains from WPPSI-R tested (n=4). 2yrs, lower PDI at 2 yrs, lower parental
Dutch version. education, parental foreign country of birth,
sepsis or meningitis.
Potharst (2013)3¢ Netherlands 5 <30w or PC study of Infants admitted to a 102 (68%) 5 tests of executive Excluded if too disabled to be BPD, lower parental education, parental
2002-2004 <1000g single centre NICU (Amsterdam). function from a variety tested (n=4). foreign country of birth, SGA.
of scales.
Taylor (2006)14° ¢ us 8 <1000g PC of infants admitted to a single 204 (86%) NEPSY overall score (cts Excluded if untestable due to BW <750g, IVH 1-2, IVH 3-4, NEC, longer
1992-1995 centre NICU (Ohio) participating in and <1SD below mean of  severe developmental neonatal hospital stay, NRI>3, PVL, PN
the multicentre NICHD NRN routine control group). Blinded impairments (n=10). steroids, any US abnormality, VD.
FUP. assessment.
Ford (2011)0® Australia 7-9 <32w or Cross sectional study of infants 45 (not a PC) 5 tests of executive Excluded if not attending Lower BW, interaction between neonatal risk
1996-2000 <1000g identified from the routine function from a variety mainstream school, a physical score and maternal education.®
database of a single centre of scales. or neurological disability or GCI
(Brisbane). <85 on the MSCA at 4yrs.
Aarnoudse-Moens Netherlands 4-12 <31w PC study of Infants admitted to a 200 (20%) 5 tests of executive Excluded if severe disabilities Absence of NEC 2-3 or meningitis, lower

(2013)7s

1996-2004

single centre NICU (Rotterdam).

Excluded multiple births.

function from a variety
of scales.

requiring physical assistance to
perform daily activities.

parental education, lower postnatal growth
SDS at 6w CA.

2 Percentage of survivors seen at assessment; some children had missing data for some executive function outcomes/tests.
b Each risk factor was fitted separately and adjusted for sex, ethnicity, parental SES, months in school at testing and age at assessment (the article did not report results for the adjustment factors).

¢2 models for each domain at 5 years reported; the first including 2 year and the second including 3 year developmental assessments. The former model is reported as 2 year assessments are more routine in general practice.
d Each risk factor was fitted separately and adjusted for sex, ethnicity, parental SES, family stressors and family resources (the article did not report results for the adjustment factors).

¢ Adverse effect of high neonatal risk score ameliorated among children with more highly educated mothers.

Abbreviations: BPD bronchopulmonary dysplasia; BSID Bayley Scales of Infant Development;*%® BW birth weight; CA corrected age; GA gestational age; GCI General Cognitive Index; IVH intraventricular haemorrhage; MSCA McCarthy Scales of
Children’s Abilities; MDI Mental Developmental Index from the BSID; NEC necrotising enterocolitis; NEPSY A Developmental NEuroPSYchological Assessment;?4¢ NICU neonatal intensive care unit; NRI Neonatal Risk Index; NICHD NRN National
Institutes of Child Health and Human Development Neonatal Research Network; PC prospective cohort; PHH posthaemorrhagic hydrocephalus; PIQ Performance 1Q; PN post natal; PSQ Processing Speed Quotient; PVL periventricular
leukomalacia; SGA small for gestational age; SD standard deviation; SDS standard deviation score; US ultrasound; VD ventricular dilatation; VIQ Verbal 1Q; WIJ-I1Il COG Woodcock Johnson Tests of Cognitive Abilities, 3rd edition;?*> WPPSI-R
Wechsler’s Preschool and Primary Scale of Intelligence-Revised.?38
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Table 4.6: Summary of studies reporting risk factor analyses for poor academic attainment in children born VPT or with VLBW

Study reference Country and Age of GA (weeks)/ Design and participants Number (%) Outcome measure Method for dealing with Significant risk factors for poorer outcome
recruitment assessment  BW (grams) of survivors (continuous (cts) unless untestable children (p<0.05) in final model
period (years) assessed? otherwise specified)
Kiechl-Kohlendorfer  Austria 5 <32w PC study of all live births in a 161 (60%) TEDI-MATH?47 Sum T-score Excluded if untestable due to  BPD, ICH, smoking in pregnancy.
(2013)2 2003-2006 single centre NICU (Innsbruck) (<40 vs. 240). severe disabilities (n=10).
serving the whole state of Tyrol. Imputed score of <40 for
children with severe delay in
numerical abilities (n=9).
Taylor (2011)™48® us 5-6 <28w or PC of infants admitted to a single 148 (78%) Letter Word Identification, Imputed a score of <85 for Letter Word: Abnormal US, neurosensory
2001-2003 <1000g centre NICU (Ohio) participating Spelling, Calculation and children too low functioning disorder and/or MDI<70 at 20m.
in the multicentre NICHD NRN Applied Problems subtests to be tested (n>6). Spelling: Abnormal US, neurosensory
routine FUP. from the WJ-III (<85 vs. 285). disorder and/or MDI<70 at 20m, lower
Blinded assessment. parental SES.
Calculation: Neurosensory disorder and/or
MDI<70 at 20m.
Applied Problems: Abnormal US,
neurosensory disorder and/or MDI<70 at
20m, lower parental SES.
Taylor (2006)14° ¢ us 8 <1000g PC of infants admitted to a single 204 (86%) Academic Skills Cluster, Excluded if untestable dueto  Letter Word: Longer neonatal hospital stay,
1992-1995 centre NICU (Ohio) participating Letter Word Identification, severe developmental PVL.
in the multicentre NICHD NRN Spelling and Calculation impairments (n=10). Spelling: BPD, PN steroids.
routine FUP. subtests from the WJ-III. Calculation: NEC, Longer neonatal hospital
Blinded assessment. stay, PN steroids.
Academic Skills Cluster: BPD, IVH 3-4, NEC,
longer neonatal hospital stay, NRI>3, PN
steroids, PVL.
Johnson (2011)%6 ¢ UK and 10-12 <26w PC of all live births in the UK and 219 (71%) Reading and Mathematics Imputed a score of 39 for Reading scores: no breast milk received,
Republic of Republic of Ireland (EPICure Composite Scales from the children with severe smaller HC SDS at 30m, lower MDI at 30m,
Ireland 1995 Study). WIAT-II. Blinded assessment.  cognitive deficit (n=18). lower parental SES, PROM.

Mathematics scores: smaller HC SDS at 30m,
lower MDI at 30m, NEC, lower parental SES,
lower PDI at 30m.

2 Percentage of survivors seen at assessment; some children had missing data for some academic tests.
b Each risk factor was fitted separately and adjusted for sex, ethnicity and parental SES (the article did not report results for the adjustment factors).
¢The Academic Skills Cluster is a composite score based on the Letter Word Identification, Spelling and Calculation subtests. 2 models for the composite score and each subtest was reported; one based on continuous outcome and one based
on dichotomous outcome (<1SD below mean of control group). Risk factor reported as significant in this table if p<0.05 in both models. Each risk factor was fitted separately and adjusted for sex, ethnicity, parental SES, family stressors and

family resources.

42 models for reading and mathematics scores reported. Models including neonatal and 30m outcomes as risk factors included. Models including 6 year neuropsychological outcomes only as risk factors excluded.

Abbreviations: BPD bronchopulmonary dysplasia; BSID Bayley Scales of Infant Development;®® GA gestational age; HC head circumference; ICH intracerebral haemorrhage; IVH intraventricular haemorrhage; MDI Mental Developmental
Index from the BSID; NEC necrotising enterocolitis; NICU neonatal intensive care unit; NRI Neonatal Risk Index; NICHD NRN National Institutes of Child Health and Human Development Neonatal Research Network; PC prospective cohort; PDI
Psychomotor Developmental Index from the BSID; PN post natal; PROM prolonged rupture of membranes; PVL periventricular leukomalacia; SDS standard deviation score; SES socioeconomic status; US cranial ultrasonography; WIAT-II
Wechsler Individual Achievement Test, 2nd edition;2*8 WI-Ill Woodcock Johnson Tests of Achievement, 3rd edition.24®
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4.3 Discussion

4.3.1 Infant characteristics and cognitive/language impairment

For the VPT/VLBW population, there was fairly strong evidence that male sex was a prognostic
factor both for poorer cognitive development and language skills in early infancy, a finding
which is supported by other studies that have focussed exclusively on the association of infant
sex with cognitive function.??”239249 However, in the studies conducted later in childhood that
were included in this review, the influence of sex on general cognition was largely diminished.
It was not possible to comment on whether this was also true for language development as
there were a lack of studies assessing children above the age of five. There were similar
findings for non-white ethnicity and lower BW in relation to cognitive dysfunction; both
factors were clearly prognostic in early infancy, but with no evidence available in middle

childhood for ethnicity, and a lack of association in later years for BW.

4.3.2 Parental education and cognitive/language impairment

There was evidence that a lower level of parental education was predictive of cognitive
dysfunction, supported by a recent study in an EPT population that focussed solely on this
hypothesis.?>® Unlike factors related to infant characteristics, the influence of parental
education appeared to persist into middle childhood. Evidence for the prognostic value of

parental education in relation to language development was weak.

Research has shown links between non-white ethnicity, lower BW and parental education/
socio-economic status,??°2 so it is interesting that these factors were independent
predictors in four studies in the <5 age group.88112155158 Other studies have found that the

effect of ethnicity is strongly mediated by markers of deprivation. Duncan et al?>>3 reported
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that black and white Hispanic EPT children in the US performed worse in language and
cognition tests at 18-22 months compared to white EPT children, although the differences in
cognition were no longer significant once other medical factors and the primary carer's
education level were taken into account. There were similar findings in another US study by
Brooks-Gunn et al,>>* which examined the ethnic differences in 1Q at five years and the
mediating role of the environment in a group of preterm low BW children. The IQ scores
among black children were around one SD below those of white children and the difference
halved when adjusted for markers of poverty; however there was no further reduction after
adjusting for maternal education and verbal ability. In the review reported here, parental
education emerged as prognostic factor of cognitive outcome whereas parental SES did not.
This may be due to multicollinearity, or possibly a single marker of parental SES such as
income or occupation, as used in most studies in the review, is not enough to capture an
accurate measure of social disadvantage. Combining a range of social markers into a

composite score may be a more effective modelling strategy.

4.3.3 Gestational age and cognitive/language impairment

There was strong evidence that GA was not a robust predictor of cognitive and language
development in infancy or in middle childhood in the VPT/VLBW population, which was also
the case in the review of risk factors for CP and motor impairment. Although the relationship
between birth at later GA and improved cognition is well established across the whole
spectrum of GA from 25 to 40 weeks,*° it appears to be a less powerful predictor when
restricted to the most preterm subgroups. In the four (of five) studies where GA was found to
be predictive of cognitive or language development, the GA inclusion criterion was less

restrictive than in studies that did not observe an association. It is also worth noting that
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although a strong positive relationship with GA is seen when survival without
neurodevelopmental impairment is calculated as a function of all live births, when the
denominator becomes survivors at discharge, as with all the studies included in this review,
the association weakens. This is because the proportion of surviving children rises steeply

with increasing GA while the proportion of impaired survivors does not.

4.3.4 Neonatal brain injury and cognitive impairment

Many studies that have focussed exclusively on the relationship between brain injury
diagnosed in the neonatal period and later cognitive function have reported strong linear
trends with grade of injury.297.208.210.255 However, the prognostic value of brain injury in the
multivariable models reported in this review was mixed. This is possibly because cognitive
and language development are multifactorial, unlike a diagnosis of CP which is more directly
related to focal brain injury, so that when other factors are entered into a model, the
influence of perinatal factors become less pronounced. The unclear findings may also reflect
the different modelling strategies adopted by the studies; some excluded children with CP or
other neurosensory impairment, some imputed lowest scores and others adjusted for motor
disability. Marret et al?'° observed that the trend between cognitive delay and the severity of
cerebral lesions incurred during the neonatal period was strongest when accompanied by
motor deficiencies. The incidence of isolated cognitive dysfunction in the absence of motor
impairment was similar among children with moderate, mild or no cerebral lesions, and less
common in those with major cerebral lesions. Combined motor and cognitive impairment
may have a different aetiology to cognitive dysfunction in isolation, so the way in which motor
or neurosensory disability is dealt with in a prediction model, will clearly have an impact on

the results. It has also been noted that a considerable number of VPT children without
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clinically defined white matter pathology go on to develop later cognitive dysfunction
compared to their full-term peers, which points to the important influence of disturbances to
cerebral growth and structural alterations in the preterm brain, in the absence of a discrete

injury.?>

4.3.5 Outcome measures

One difficulty in the review of cognitive outcomes was the sheer variety of assessments used,
particularly in children aged five and above. This was a particular problem for the language,
executive function and academic attainment domains, compounded by the smaller number
of studies in these areas compared to the global cognitive domain. Studies of executive
function typically performed a whole battery of tests, or reported several models based on
different subdomains of a global measure of cognition. It is challenging trying to synthesise
the results in these circumstances without over representing one particular study population,
particularly when the constructs being measured are interrelated and likely to be highly

correlated.

Within the global cognitive domain, there were also issues with different versions of the same
tool being used over the 24 year study period. For example, one study used the BSID-I when
other studies of the same era adopted the BSID-II, so cognitive delay in this study was defined
using a different normative population. Prior to 2006, the BSID-1l was the standard tool for
assessing outcomes in the VPT/VLBW population before it was superseded by the BSID-III.
However, the MDI in version Il is not directly comparable to the Cognitive or Language
Composite scores in version lll; it is based on a combination of cognitive and language
abilities, thus a low MDI score could represent a delay in cognition, language or both. The

Cognitive Composite score in version Il is a purely cognitive domain and scores are elevated
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compared to those obtained in version Il, so the definition of cognitive delay is more stringent

in the latest version.2%®

4.3.6 Assessing cognitive function infants with other severe disability

Another major issue in this review was the heterogeneous nature of the study groups
included in the risk factor modelling, due to the lack of uniformity in inclusion criteria. While
some studies used the whole cohort, representing the entire spectrum of disability, and
imputed values for those who's functioning was too impaired to be tested by standard
assessments, other studies excluded children with CP, major disability or those not attending
mainstream schools at the outset. Some studies fell somewhere between these two
approaches, excluding only children if they were untestable which could have been due to a
variety of reasons including behavioural problems, motor difficulties or low cognitive
functioning. It is difficult to isolate cognitive and language outcomes from motor and
neurosensory impairments, so the importance of stating the precise research question and
using the correct study design and modelling strategy to mirror the proposed aims cannot be

understated.

4.3.7 Conclusion

In conclusion, there was evidence that male sex, non-white ethnicity, lower levels of parental
education and lower BW were significant predictors of global cognitive dysfunction in children
aged 18-30 months who were born VPT or VLBW. After the age of five years, the impact of
infant sex and BW diminished, parental education was still influential, and there was no
evidence on the sustained effect of ethnicity. It is highly unlikely that ethnicity itself is a causal
factor for cognitive impairment; other research has demonstrated a strong correlation

between ethnicity, poverty and social disadvantage. There was evidence that male sex was
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predictive of impaired language development in early infancy, but no evidence that this was
sustained into childhood. There were mixed findings on the prognostic value of brain injury
diagnosed during the neonatal period on language and cognition, but this may reflect the
heterogeneous selection criteria and methods of dealing with missing data related to severe
disability across the studies. There was evidence that within the VPT/VLBW population, GA
had little value as a prognostic factor in multivariable models predicting the risk of cognitive
or language development at any age over 18 months. The findings of this review suggest that
the impact of perinatal risk factors diminish over time as other environmental and social

factors become more influential.
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Chapter 5: Prognostic factors for behavioural
problems and psychiatric disorders in children
born VPT or with VLBW: systematic review
results

5.1 Introduction

In addition to cognitive impairments, other long term sequelae in surviving VPT/VLBW
children include behavioural problems and psychiatric disorders. Studies using behavioural
screening questionnaires have shown that children born VPT or with VLBW are at increased
risk of social, emotional and attention problems and internalizing problems
(anxiety/depression) compared with term-born controls.*? Clinically significant behaviour
problems on screening questionnaires have been reported in 13% to 46% of VPT/VLBW
children.?®” However, screening tools are designed to have a high rate of sensitivity, in order
to identify children who are at risk of developing a psychiatric disorder and for whom further
assessment would be beneficial?>®2%° and thus the rates of disorders are typically lower.
Studies using diagnostic evaluations have reported an excess of ADHD, ASD and psychiatric
disorders in children born VPT or with VLBW compared to term-born controls.*%4! A recent
review of clinical cohort studies reported that the prevalence of DSM-IV-TR (Diagnostic and
Statistical Manual of Mental Disorders - 4th edition)'®> based ADHD diagnoses ranged
between 16% to 19% in VPT/VLBW children, with an increase in odds of 2 to 3 compared to
term-born peers.2>” ASD is less common, with a median prevalence of 0.6% in the general

population, but two studies have reported that 3.6% of ELBW children!'® and 8% of EPT
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children,??

respectively, met the diagnostic criteria for ASD when assessed between 8-11
years. Behavioural problems in VPT/VLBW children have been shown to persist into

adolescence,?®12%2 and there is evidence that the risk of being diagnosed with psychiatric

disorders in adulthood increases with decreasing GA at birth.263264

The pattern of behavioural problems observed in VPT/VLBW children has been shown to be
similar across different countries, despite cultural differences and disparity in neonatal care,
implicating some underlying biological mechanism.?% It has been suggested that a 'preterm
behavioural phenotype' may exist, characterised by socio-communicative and emotional
problems and inattention.?®” The mechanisms underlying this neurobehavioural profile are
unclear, although several explanations have been proposed.3® The VPT/VLBW newborn brain
is extremely vulnerable and clinical and environmental factors that disturb a critical period of
brain development that normally takes place in utero may be highly influential. Exposure to
prolonged hospitalisation and therapeutic interventions may disrupt normal
neurodevelopment, even in the absence of focal brain injury. This is compounded by the
stressful environment of a busy NICU with a high noise level, constant bright lighting, multiple
monitoring devices and reduced opportunity for parent-infant interaction. Early exposure to
such a sustained level of stress may have an adverse impact on brain development, akin to
that observed in adults.?%® Later environmental influences in early infancy and childhood, such
as parental mental health, caregiving style, or limited contact with peers and family due to
prolonged periods of hospitalisation/illness may impede the development of coping
strategies, emotional regulation, attachment and other social skills.?%” All of which are more

likely to occur following VPT/VLBW birth.
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Among the 78 articles that were identified in the review and included in the data extraction,
15 contained risk factor analyses for behavioural problems or psychiatric
disorders.41:43:100,110,119,120,130,133,143-146,149,152,157 Thege studies were based on nine cohort
populations; two other articles based on cognitive outcomes were excluded due to cohort
overlap.9®128 |n this chapter, the results from the 15 articles reporting the risk of behavioural

problems and psychiatric disorders are summarised.

5.2 Data synthesis of prognostic factors for behavioural problems and
psychiatric disorders

5.2.1 Study characteristics

The main study design was prospective cohort (n=14), and there was one RCT population.!33
Of the 14 prospective cohorts, seven were ascertained from all live births in a geographically
defined region,#43100119,130,144146  fiye  were recruited from a single centre
NICU,110.120,143,145,152 and three from multiple NICUs.133145157 Stydies were conducted in seven
countries: US (n=4), UK or England (n=4), Australia (n=2), France (n=2) and one study each
from Germany, Netherlands and New Zealand. The median sample size was 219 (range 75 to
1228) and two studies had more than 1000 participants.?>1% Five studies were restricted to
extremely preterm children; <27 weeks!391441%45 and <26 weeks,**1® and two studies

excluded multiple births.>1% The risk of bias assessment classified four studies as having low-

moderate risk of bias and 11 studies as having moderate-high risk of bias (Figure 5.1).

The 15 studies included in the review comprised 47 risk factor analyses which divided into

two broad groups: behavioural problems measured by a screening tool and psychiatric
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Figure 5.1: Risk of bias assessment of the 15 included studies reporting behavioural outcomes
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disorders. The psychiatric outcomes were further divided by method of assessment
(screening tool versus diagnostic criteria) and by type of disorder (any, ASD and ADHD). Some
studies reported a model for a global score and also models for each subdomain, whilst others
reported additional models adjusting for concurrent factors such as cognition and language.
The median number of candidate risk factors considered at the outset in each study was 16
[range: 7 to 42]. For the initial screening of candidate factors to be entered into the final
model, five studies included them all and seven included those with a p-value below a set
threshold after initial screening. The most popular method of model building after initial
screening was to include all factors screened (n=6 studies) and stepwise selection (n=5
studies). Only six of the 15 studies reported the number of participants included in the final
model presented. One study assessed model discrimination using the area under the receiver
operating curve,'¥1% but apart from that no studies performed any type of statistical or

clinical validation.

5.2.2 Prognostic factors for behavioural problems

Eight studies contained a risk factor analysis for general behavioural problems; five studies
assessed outcome under five years of age (Table 5.1)100:120.133,143,146 3n( three studies over
five years of age (Table 5.2).#31441%9 Six of the studies excluded and/or adjusted for
neurodevelopmental delay or cognitive impairment.43100120,133,144,146 A|| studies used
validated, parent report behavioural screening questionnaires, the most common being the
Strengths and Difficulties Questionnaire (SDQ)?%8 (n=4).43:100.120,144 The Total Difficulties Score
comprises four (five-item) subscales: conduct problems, inattention-hyperactivity, emotional
symptoms and peer problems. One study!*® used the Child Behaviour Checklist (CBCL),2%°

which is a 99-item questionnaire with six syndrome scales that are combined to

128



Table 5.1: Summary of studies reporting risk factor analyses for general behavioural problems in children born VPT or with VLBW asessed at <5 years of age

1998-2000

centre NICU (Christchurch).

composite score.? Parent
report.

Model 1: Risk factors to term.
Model 2: Adjusted for family
functioning and parenting 2-4 yrs.
Model 3: Adjusted for factors in
model 2 plus IQ at 4 yrs.

Study reference Country and Age of GA (weeks)/ Design and participants Number (%) Outcome measure Exclusion criteria and/or Significant risk factors for poorer
recruitment assessment  BW (grams) of survivors (continuous (cts) unless adjustment for concurrent outcome (p<0.05) in final model
period (years) assessed? otherwise specified) neurodevelopmental delay
Stoelhorst (2003)46 © Netherlands 2 <32w PC of all live births in 3 Dutch 160 (68%) Total Problem score, Adjusted for: neurological Total problem: SGA.
1996-1997 health regions comprising 9% of Internalizing and abnormalities at 2 yrs. Internalizing: SGA.
the population. Externalizing scale from Externalizing: None significant.
the CBCL. Parent report.
Spittle (2009)43 Australia 2 <30w or PC study of Infants admitted to a 188 (84%) Externalizing, Internalizing,  None. Internalizing: Higher social risk.
2001-2003 <1250g single centre NICU and enrolled Dysregulation and Externalizing: None significant.
in Victorian Infant Brain Studies Competence domains Dysregulation: None significant.
(Melbourne). from ITSEA. Parent report. Competence: Lower BW, PN steroids,
female sex, moderate-severe WMA.
Peralta-Carcelen United States 2.5 <1000g Infants admitted to the NICU of 696 (60%) Total Competence (<15th Excluded: blind, deaf, syndrome Total Competence: Hispanic or non-white
(2013)3 1999-2001 15 centres participating in the vs. >15th centile) and Total  (n=30). ethnicity, MDI<70 and PDI<70 from BSID-
multi-centre NICHD NRN routine Problem score (>75th vs. Adjusted for: CP, abnormal Il at 2.5 yrs.
FUP and enrolled in a glutamine <75th centile) from BITSEA  neurological exam, MDI<70 and Total Problem: Female sex, lower
supplementation RCT. Parent report. PDI<70 from BSID-1l at 2.5 yrs. household income, MDI<70 and PDI<70
from BSID-Il at 2.5 yrs.
Delobel-Ayoub France 1997 3 <33w PC of all live births in 9 French 1228 (69%) Total Difficulties score Excluded: blind, deaf, severe CP Hospitalisation in last yr, younger
(2006)0 regions comprising one third of from SDQ (<10th vs. >10th (n=63). maternal age, lower maternal education,
all births (EPIPAGE Study). centile of control group). Adjusted for: neurodevelopmental neurodevelopmental delay and poor
Excluded multiples. Parent report. delay and health status at 3 yrs. health status at 3 yrs.
Jones (2013)120 New Zealand 4 <33w PC of infants admitted to a single 105 (98%) Social competence Excluded from all: blind (n=1). Model 1: Family SES, male sex, severity of

neonatal WMA.

Model 2: Male sex, higher maternal
anxiety at 2-4 yrs, negative and intrusive
parenting at 4 yrs.

Model 3: GA<28w, higher maternal
anxiety at 2-4 yrs, negative and intrusive
parenting at 4 yrs, lower 1Q at 4 yrs.

2 Percentage of survivors assessed for outcome measure specified.
b9 models reported in total; Total Problem score, Internalizing and Externalizing scales and the 6 syndrome scores that comprise the total score.
¢Social risk was based on a composite measure of six social risk factors: family structure, education of primary caregiver, occupation and employment status of primary income earner, language spoken at home and maternal age at birth.

4 Social competence composite score was derived by the authors by summing sub-scale scores across the following measures: SDQ, Behavioural Inventory of Executive Function — Preschool version (BRIEF-P), Emotional Regulation Checklist
(ERC), Infant Toddler Symptom Checklist (ITSC), Emotional Regulation subscale from BSID-II, Penn Interactive Peer Play Scale (PIPPS). 3 models were reported; the full model adjusting for IQ is reported in this review.

Abbreviations: BITSEA Brief Infant-Toddler Social and Emotional Assessment;?’° BSID Bayley Scales of Infant Development;6¢ BW birth weight; CBCL Child Behaviour Checklist;%° CP cerebral palsy; FUP follow up; GA gestational age; IQ
intelligence quotient; ITSEA Infant-Toddler Social and Emotional Assessment;?’* MDI Mental Developmental Index from the BSID-II; NICU neonatal intensive care unit; NICHD NRN National Institutes of Child Health and Human Development
Neonatal Research Network; PC prospective cohort; PDI Psychomotor Developmental Index from the BSID-II; PN post natal; RCT randomised controlled trial; SES socio-economic status ; SDQ Strengths and Difficulties Questionnaire;?%8 SGA

small for gestational age; WMA white matter abnormality.
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Table 5.2: Summary of studies reporting risk factor analyses for general behavioural problems in children born VPT or with VLBW assessed at 25 years of age

1992-1995

centre NICU (Ohio) participating
in the multicentre NICHD NRN
routine FUP.

Composite score from the
VABSS (cts and <1SD below
mean of control group).
Parent report.

separately and adjusted sex, race,
parental SES, family stressors and
family resources (p-values not
reported).

Study reference Country and Age of GA (weeks)/ Design and participants Number (%) Outcome measure Exclusion criteria and/or Significant risk factors for poorer
recruitment assessment  BW (grams) of survivors (continuous (cts) unless adjustment for concurrent outcome (p<0.05) in final model
period (years) assessed? otherwise specified) neurodevelopmental delay

Delobel-Ayoub (2009)*3 France 1997 5 <33w PC of all live births in 9 French 1102 (59%) Total Difficulties score from Excluded: blind, deaf, severe CP Hospitalisations in last 5 years,

regions comprising one third of SDQ (<10th vs. >10th centile (n=63). younger maternal age, poor

all births (EPIPAGE Study). of control group). Parent Adjusted for: IQ and development maternal mental well-being in

Excluded multiples. report. (parent reported) at 5 yrs. previous month, lower 1Q and
delayed development at 5yrs

Stahlmann (2009)44 Germany 7-9 <27w PC of all live births in all 8 75 (82%) Total Difficulties score from Adjusted for: 1Q at 7-9 yrs. Lower maternal education, 1Q<70
1997-1999 perinatal centres in Schleswig- SDQ. Parent report. at 7-9yrs.

Holstein.
Taylor (2006)'4° ® United States 8 <1000g PC of infants admitted to a single 204 (86%) Adaptive Behaviour Each risk factor was fitted Model 1 (cts score): Longer

neonatal hospital stay, outborn.
Model 2 (<70 vs. 270): Longer
neonatal hospital stay, NRI>3.

2 Percentage of survivors assessed for outcome measure specified.
b2 models for Adaptive Behaviour Composite and its 3 domains reported; one based on dichotomous outcome and one based on continuous outcome.
Abbreviations: BW birth weight; CP cerebral palsy; FUP follow up; GA gestational age; IQ intelligence quotient; NICU neonatal intensive care unit; NICHD NRN National Institutes of Child Health and Human Development Neonatal Research
Network; NRI neonatal risk index; PC prospective cohort,; SES socio-economic status ; SDQ Strengths and Difficulties Questionnaire;28 VABSS Vineland Adaptive Behaviour Scales Screener.?”?
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give an overall Total Problem score: anxious/depressed, withdrawn, aggressive, destructive,
sleep problems and somatic behaviour. The 169-item Infant-Toddler Symptom Checklist
(ITSEA)?’ and its brief 42-item version (BITSEA)?’° were used by two studies.'33143 Both
checklists include items measuring internalizing and externalizing problems, dysregulation
and socio-emotional competence. Both the SDQ and ITSEA/BITSEA have been shown to be
highly correlated with the CBCL.27%?73 One study used the Vineland Adaptive Behaviour Scales
Screener (VABSS)?’?2 which measures adaptive functioning in the domains of communication,

socialisation and daily living skills.

There was only one study at low-moderate risk of bias (which also had a sample size >1000)
among this group of eight studies examining general behavioural problems.1% Factors that
were found to be significant predictors for behavioural problems at age three years in this
study were: hospitalisation after neonatal discharge, younger maternal age, lower level of
maternal education, and neurodevelopmental delay/poor health status measured at the time
of assessment. The later study in the same cohort at age five years*® had similar findings. All
eight studies entered some indicator of socio-economic deprivation into the final model, for
example, parental education, income, social risk; and five found at least one of these factors
significantly related to behavioural problems.100120.133,143,144 | the six studies that adjusted
for neurodevelopmental delay or general cognitive ability at the time of assessment, five
studies found a significant association between these factors and poorer behavioural
outcomes.43100,120,133,144 Ty o studies reported that female sex and one study reported that
male sex was significantly associated with behavioural problems, but five of the studies did

not find sex significant in the final model. Overall, there was not enough overlap in the risk

131



factors identified for general behavioural problems in this small group of studies to provide

any conclusive evidence about risk factors for prognosis.

5.2.3 Prognostic factors for psychiatric disorders
Seven studies reported risk factor analyses for psychiatric disorders (Table 5.3); two for any
DSM-IV-TR8 diagnosis,*-1>2 five for ASD symptoms or diagnoses!10:119.130.145157 gnd one for

ADHD!? (this study also reported a model for ASD).

Both studies examining the risk of any psychiatric disorder used the Development And Well
Being Assessment (DAWBA),2’* which is a structured psychiatric evaluation administered to
parents and teachers. In both studies, a DSM-IV-TR diagnosis was assigned by two blinded
clinical psychologists aided by the DAWBA computer scoring algorithm for common childhood
diagnoses, such as ADHD, ASD, emotional and conduct disorders. The DAWBA has good
concurrent validity when compared with clinical diagnoses.?’* In the study at moderate-high
risk of bias conducted at age seven years,'> the prevalence of any DSM-IV-TR diagnosis was
24% in VPT children, which was similar to 23% prevalence rate reported by the study at low-
moderate risk of bias conducted at age 10-12 years in EPT children.*! The first study screened
11 candidate risk factors in a univariable analysis and retained four significant factors
predictive of any DSM-IV-TR in the final model: brain abnormality at term, female sex, social-
emotional problems at five years (SDQ) and higher familial social risk at seven years.? The
second study entered 34 candidate risk factors into a multivariable forward stepwise
regression model and retained five significant factors predictive of any DSM-IV-TR in the final

model: necrotising enterocolitis, internalizing behaviour problems at 2.5 years (CBCL),

b Familial social risk was based on a composite measure of six social risk factors: family structure, education of primary
caregiver, occupation and employment status of primary income earner, language spoken at home and maternal age at birth.
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pervasive attentional and conduct problems at six years (SDQ) and serious
neurodevelopmental disability at six years. These findings suggest that behavioural problems
identified by screening tests in infancy and early childhood may help to identify children at

risk of developing a psychiatric disorder in later childhood.

The five studies examining risk factors for ASD were divided into those that assessed ASD
symptoms using dimensional measures,!'%1>7 the rate of positive screens using screening
toolst10130.145 gnd diagnoses made using a diagnostic evaluation!!® (Table 5.3). The two
studies reporting risk factor analyses for ASD symptoms were not comparable with respect to
age of assessment, outcome measure used, GA group, exclusion criteria, risk of bias, and had
no significant risk factors in common.'91>7 However, similar to the findings for general
behavioural problems and any psychiatric disorders, markers of social deprivation and poor
language development,®” and problems identified in earlier cognitive and behavioural

119

assessments™ were reported to be significantly associated with ASD symptoms later in

childhood.

Of the three studies that presented risk factor analyses for a positive ASD screen, two were
conducted in early childhood.*3%14*> One had a low-moderate risk of bias'#> that defined cases
as children with at least one positive screen from three different screening tests at 18 months
(Pervasive Developmental Disorders Screening Test-11?> and two items adapted from the
Autism Diagnostic Observation Scales (ADOS)?’®). The second was study at study at moderate-
high risk of bias!3® that used the 23-item Modified Checklist for Autism in Toddlers (M-
CHAT)?”7 at two years. The third study, also at moderate-high risk of bias, was conducted in

110

later childhood at eight years**® using the 12 items related to Autistic Disorder from the

Parent Child Symptom Inventory.?’® Amongst these studies the prevalence of a positive
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Table 5.3: Summary of studies reporting risk factor analyses for psychiatric disorders in children born VPT or with VLBW

Study reference Country and Age of GA (weeks)/ Design and participants Number (%) Outcome measure Exclusion criteria and/or Significant risk factors for poorer outcome
recruitment assessment  BW (grams) of survivors (continuous (cts) unless adjustment for concurrent (p<0.05) in final model
period (years) assessed? otherwise specified) neurodevelopmental delay
Any psychiatric disorder: diagnosis
Treyvaud (2013)152 Australia 7 <30w or PC study of Infants 177 (79%) DAWBA. Parent report. DSM-  None. Brain abnormality at term, female sex, social-
2001-2003 <1250g admitted to a single centre IV-TR diagnosis assigned emotional problems at 5 years (SDQ), higher familial
NICU and enrolled in using scoring algorithm and social risk at 7 years.?
Victorian Infant Brain clinical judgement of 2
Studies (Melbourne). blinded reviewers.
Johnson (2010a)** UK and 10-12 <26w PC of all live births in the 219 (71%) DAWBA. Parent report. DSM-  None. NEC, Internalizing behaviour problems at 2.5 yrs
Republic of UK and Republic of Ireland IV-TR diagnosis assigned (CBLC), pervasive attentional and conduct problems
Ireland 1995 (EPICure Study). using scoring algorithm and at 6 yrs (SDQ), serious functional disability at 6 yrs.
clinical judgement of 2
blinded reviewers.
Autism spectrum symptoms: dimensional measure
Wong (2014)7 England 1.8-2.2 <33w Infants attending routine 141 (70%) Q-CHAT score. Parent report.  Excluded: CP or severe Higher deprivation, non-white ethnicity, BSID-III
2010-2012 FUP in 13 centres neurosensory impairment (n=10). Language Composite Score at 2 yrs.
(London). Neonatal data Adjusted for: Language Composite
extracted retrospectively. Score from BSID-IIl at 2 yrs.
Johnson (2010b)*° UK and 10-12 <26w PC of all live births in the 219 (71%) Total score from SCQ. Parent  None. No breast milk, IQ<2SD at 6 yrs, pervasive attentional
Republic of UK and Republic of Ireland report. and peer problems at 6 yrs (SDQ), withdrawn (CBCL)
Ireland 1995 (EPICure Study). at 2.5 yrs.
Autism spectrum disorder: positive screen
Stephens (2012)%4> United States  1.5-1.9 <27w PC of infants admitted to 554 (74%) 1+ positive screen on 3 tests:  Excluded from all: severe CP, blind, = Model 1: Lower BW, non-white ethnicity,
2008-2010 the NICU of 15 centres PDDST-II (parent report), deaf (n=31). male sex.
participating in the multi- Response to Joint Attention Model 1: Unadjusted Model 2: Male sex, lower Cognitive and Language
centre NICHD NRN routine and Response to Name Model 2: Adjusted for cognition Composite Score from BSID-IIl at 18m.
FUP. (ADOS, direct observation). and language at 18m. Model 3: Lower Cognitive and Language Composite
Model 3: Adjusted for cognition, Score from BSID-IIl at 18m, higher Problem and
language and behaviour at 18m. lower Competence Score from BITSEA at 18m.
Moore (2012)130¢ England 2006 2 <27w PC of all live births in 559 (54%) Positive M-CHAT screen. Model 1: Full cohort Model 1: Severe BPD, any CUSS abnormality, PN
England (EPICure-2 Study). Parent report. Model 2: Excluded neuro-sensory steroids, positive blood culture 272 hrs, male sex.
impairment (n=72). Model 2: Positive blood culture 272 hrs.
Model 3: Excluded any disability Model 3: Any CUSS abnormality, positive blood
(n=320) culture <72hrs and 272 hrs, male sex.
Hack (2009)10 United States 8 <1000g PC of infants admittedtoa 219 (97%) CSI-4 based on DSM-IV-TR Each risk factor was fitted BPD.

1992-1995

single centre NICU (Ohio)
participating in the
multicentre NICHD NRN
routine FUP.

diagnostic criteria. Parent
report.

separately and adjusted sex, race,
parental SES (p-values not
reported).
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Table 5.3: Summary of studies reporting risk factor analyses for psychiatric disorders in children born VPT or with VLBW (continued)

Study reference Country and Age of GA (weeks)/ Design and participants Number (%) Outcome measure Exclusion criteria and/or Significant risk factors for poorer outcome
recruitment assessment  BW (grams) of survivors (continuous (cts) unless adjustment for concurrent (p<0.05) in final model
period (years) assessed? otherwise specified) neurodevelopmental delay

Autism spectrum disorder: diagnosis

Johnson (2010b)*° UK and 10-12 <26w PC of all live births in the 219 (71%) DAWBA. Parent report. None. Cognitive impairment at 6 yrs, pervasive peer
Republic of UK and Republic of Ireland DSM-IV-TR diagnosis problems at 6 yrs (SDQ).
Ireland 1995 (EPICure Study). assigned using scoring

algorithm and clinical
judgement of 2 blinded

reviewers.
Attention deficit/hyperactivity disorder: positive screen
Hack (2009)10 United States 8 <1000g PC of infants admittedtoa 219 (97%) CSI-4 based on DSM-IV- Each risk factor was fitted None significant for hyperactive, inattentive or
1992-1995 single centre NICU (Ohio) TR diagnostic criteria. separately and adjusted sex, race, combined type of ADHD.
participating in the Parent report. parental SES (p-values not
multicentre NICHD NRN reported).

routine FUP.

2 Percentage of survivors assessed for outcome measure specified.

b Familial social risk was based on a composite measure of six social risk factors: family structure, education of primary caregiver, occupation and employment status of primary income earner, language spoken at home and maternal age at birth.
¢5 further models were reported: 3 models using only risk factors known at birth for the full cohort, excluding all disability and excluding neurosensory disability; 2 models with more stringent criteria for a positive screen.

Abbreviations: ADOS Autism Diagnostic Observation Scales;?’¢ BPD bronchopulmonary dysplasia; BSID Bayley Scales of Infant Development;'6¢ BW birth weight; CBCL Child Behaviour Checklist;?%° CP cerebral palsy; CSI-4 Parent Child Symptom
Inventory;278 CUSS cranial ultrasound abnormality; DAWBA Development And Wellbeing Assessment;?’* DSM-IV-TR Diagnostic and Statistical Manual of Mental Disorders;'8> FUP follow up; GA gestational age; M-CHAT Modified Checklist for Autism
in Toddlers;?”” NICU neonatal intensive care unit; NICHD NRN National Institutes of Child Health and Human Development Neonatal Research Network; NEC necrotising enterocolitis; PDDST Pervasive Developmental Disorders Screening Test;?’> PC
prospective cohort; Q-CHAT Quantitative Checklist for Autism in Toddlers;?”® SDQ Strengths and Difficulties Questionnaire;?%® SCQ Social Communication Questionnaire.?*°
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ASD screen varied greatly; 20%, 41% and 2% respectively likely reflecting differences in
population denominators and screening tools. Bronchopulmonary dysplasia and male sex
were significant risk factors in two out of three of these studies, but there were no other
significant risk factors in common. The ASD screening study at low-moderate risk of bias!*®

presented two additional models adjusting for language, cognition and social-emotional

behavioural problems, at the same age of assessment, all of which were significant.

Only one study at low-moderate risk of bias conducted at age 10-12 years assigned ASD
diagnosis based on standard diagnostic DSM-IV-TR criteria, using the DAWBA.''® The
prevalence of an ASD diagnosis was 8% (n=16 cases): 13 (6.5%) with autistic disorder and
three (1.5%) with pervasive developmental disorder not otherwise specified. The risk
prediction model was based on any ASD diagnosis and after entering 42 candidate variables
sequentially into a multivariable stepwise model, only two factors significantly affected the
prediction of any ASD diagnosis: cognitive impairment and pervasive peer problems at age six

years (SDQ).

The only study that presented a risk factor analysis for a positive screen for ADHD!?? did not
report any significant risk factors for either hyperactive, inattentive or the combined type of
ADHD. The prevalence of a positive screen for ADHD was reported to be 17% (n=37) in this

study.
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5.3 Discussion

5.3.1 Summary of findings
The eight studies reporting risk factor analysis for general behavioural problems all had a

moderate to high risk of bias, with one exception,°

and the screening tools used were fairly
heterogeneous with different sub-domains assessed. The modelling of outcome scores also
varied with some studies reporting the proportion of children scoring above the cut-off for a
positive screen and others analysing continuous scores. The studies also differed in the way
children with neurodevelopmental delay or disability were handled in the design and analysis;
some studies excluded them completely, some adjusted for motor and/or cognitive
impairment and some adopted both or neither strategy. There was also a lack of commonality
in the risk factors studied for prognosis, therefore it was difficult to synthesise the results and
reach any meaningful conclusion. The only factors that appeared to be consistent predictors
of general behavioural problems were markers of socio-economic deprivation and

neurodevelopmental or cognitive delay, but apart from these there was no clear evidence

about the prognostic value of any other risk factors studied.

Two studies examined the risk of developing a psychiatric disorder in later childhood**>2 and
reported that social-emotional and behavioural problems identified by screening
questionnaires in infancy or early childhood were predictive of later disorders. This finding is
supported by other studies that have examined the predictive validity of screening tests and
the stability of diagnoses over time.?8%282 Early screening tests are known to identify a large
number of false-positives, particularly in impaired populations with high rates of neurological
and cognitive impairment,?>8 so the positive predictive value for later psychiatric diagnoses is

likely to be low. There is also a lack of evidence about how sensitive these general screening
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tests are for predicting specific types of DSM-IV-TR disorder. However, there is evidence of
enhanced specificity in prediction in VPT/EPT populations for both general disorders and
specific behavioural outcomes.?®3 Given the stability of neurodevelopmental and behavioural
outcomes in VPT/VLBW children, early screening may thus have greater predictive validity

and clinical utility in preterm populations.

The only factors consistently associated with ASD symptoms, positive screen or diagnosis,
were cognitive or language impairment, and poor performance on a behavioural screening
test earlier in childhood. Aside from these, no clear evidence emerged for any other risk
factors. The number of cases with an ASD diagnosis was very small in the study conducted in
later childhood using DSM-IV-TR based diagnostic criteria,'® so a lack of power means that
results should be interpreted with caution. Only one study presented a risk factor analysis for

a positive screen for ADHD and no significant predictive factors were identified.1°

5.3.2 Explanation of findings

An explanation for the inconclusive findings, beside the small number of studies examining
each type of disorder and the lack of commonality in the candidate risk factors studied, is the
several different strategies for dealing with confounding due to neurological and cognitive
impairment. In some studies the whole cohort was included, representing the whole
spectrum of disability in the VPT/VLBW population. In other studies, children with
neurological and/or cognitive impairment were excluded from the modelling process to
identify risk factors in a more homogeneous population and to eliminate the noise created by
additional impairments. Other studies attempted to achieve this by adjusting for these factors
in the analysis. However, the risk factors for a psychiatric disorder in the absence of any

impairment may be very different to those factors which are prognostic for behavioural
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difficulties accompanying profound impairment. Therefore the strategy for dealing with
motor, neurosensory and cognitive impairment in risk factor analyses, in terms of exclusion
and/or adjustment, will crucially affect the findings. Adjustment for cognitive impairment is
particularly problematic as it is frequently associated with psychiatric conditions in the term
population; adjustment in a VPT/VLBW population where cognitive delay is more common

and part of the preterm phenotype is therefore likely to lead to overcorrection.?84

VPT/VLBW children with motor or cognitive impairment have been reported to be at higher
risk of developing behavioural and emotional problems, compared to VPT/VBLW children
with no impairments.2??® It is possible that the challenge of living with a profound impairment
could induce feelings low self-esteem, anxiety, insecurity and detachment which then
manifests as a behavioural problem. It might also be due to physical or biological effects on
brain function leading to an alteration emotional and behavioural regulation. However, the
high rate of problems in children with neurodevelopmental impairments may also be related
to measurement issues. In a cohort of two year old EPT children, Kuban et al?®® reported that
increased odds of a positive screen for autism using the M-CHAT among those unable to sit
or stand was 23-fold, 8-fold in those with a major vision or hearing impairment and 13-fold in
those with severe cognitive impairment, compared to EPT children without such impairments.
Moore et al'*° reported similar findings in a cohort of EPT children at two years; 16.5% of
children without disability screened positive on the M-CHAT compared to 96% with severe
motor impairment, 56% with cognitive impairment and all children with a significant vision or
hearing impairment. However, such findings should be interpreted with caution, as many
items on the M-CHAT rely on an intact motor, hearing and vision function which leads to an

inflated false-positive rate among children with such disabilities. Indeed, a recent study has
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shown that screening for autism using the M-CHAT questionnaire is especially confounded in
a preterm population.?8® However, the rate of positive screens were still threefold higher
among unimpaired EPT children compared to unselected populations,?®> hence neurological
impairment cannot be the sole explanation for the differences observed. Even so, it is difficult
to disentangle the aetiology of neurobehavioural disorders outside the context of the

neurological sequelae that follow VPT birth.

5.3.3 Recommendations

This systematic review points to the need for further well-conducted research investigating
risk factors for psychiatric disorders and behavioural problems in the VPT/VLBW population.
Such conditions are common following VPT birth and can have an adverse impact on the lives
of children and their families. In order to plan care for the VPT/VLBW population, it is
important to determine the mechanisms underlying the 'preterm behavioural phenotype';
the clinical expression of disorders appear to differ in VPT children and thus risk factors may
be different to those identified in the term population. As such, the identification of predictive
factors is important for understanding aetiological mechanisms and for developing

appropriate screening, intervention and treatment strategies.

Studies with larger sample sizes and greater power are needed for studying childhood
psychiatric disorders in this population, particularly for less common conditions such as ASD
or ADHD. Longer term follow-up with outcome evaluations beyond 18-24 months is also
needed, as the risk for psychiatric disorders cannot be reliably assessed at this age and
because of the natural course of some disorders which may onset later in childhood.
Furthermore, prognosis is likely to be a dynamic process with social and environmental

factors potentially superseding the influence of early clinical and biological factors as the child
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grows up. It is recommended that future studies of the risk of behavioural problems use of
standard diagnostic evaluations to assess outcome and evaluate of a broad range of biological
and social risk factors over time. They should also make a clear statement and rationale as to
the inclusion or exclusion of children with cognitive or neurological impairment since
behavioural problems in the absence/presence of motor, cognitive and neurosensory

impairment may be different in nature and aetiology.

5.4 Overall conclusions of the systematic review

The most robust prognostic factors that emerged from the systematic review of 78 published
articles reporting multivariable risk factor models for neurodevelopmental outcome in
surviving VPT/VLBW children were neonatal brain injury, male sex and parental education.
These were investigated in further detail in Chapters 7 and 8 in relation to cognitive and
behavioural trajectories into early adulthood. There were mixed findings and conflicting
evidence for most other risk factors examined. This may be due to differences in study design,
study population, methodological quality and lack of standardisation of measures. However,
it could also be due to the difficulty and complexity of modelling long-term outcome in such
a heterogeneous population; with multiple risk factors acting sequentially over time and with
the existence of multiple impairments within the same individual. It is possible that different
preterm phenotypes exist, for example individuals with isolated cognitive impairment may
have a distinct pattern of development compared to individuals with both motor and
cognitive problems. Further research is required on identifying these phenotypes before
accurate prognostic models can be developed for use in routine clinical practice and research

or policy evaluation.
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The systematic review also revealed some shortcomings in methodology and reporting that
could be improved in future studies, and confirmed that that there is a dearth of properly
designed and well-conducted prognostic modelling studies in this field, particularly in older

children in which the evidence base is quite weak.
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Chapter 6: Longitudinal analysis of the EPICure
cohort: methods

6.1 Introduction

The trajectories of neurodevelopment from infancy to early adulthood, and the effect of
predictive factors identified in the systematic review on these patterns were investigated
using the EPICure study; the largest prospective, population-based cohort of EPT infants
followed up to adulthood. This longitudinal analysis explored whether cognitive, behavioural
deficits ascertained in childhood were transient or stable, and whether conditions
deteriorated or improved as the children reached maturity. Firstly, the change in
neurodevelopment in EPT participants over time was compared to the term-born comparison
group and the impact of sex and maternal education was investigated. Secondly,
neurodevelopmental outcomes within the EPT group were examined in relation to brain
injury during the neonatal period and GA at birth. Despite the lack of evidence for GA as a
robust predictor in the prognostic models identified by the systematic reviews, it has been
shown to be strongly related to neurodevelopmental outcome across the whole spectrum of
GA at birth and was included for completeness.® In addition, the analysis of behavioural
outcomes was stratified by cognitive and functional impairment to determine whether having

other disabilities has an impact on behaviour.

In this chapter, the design and follow-up of the EPICure cohort study are described in detail,
including the methods of assessment, data collection procedures and flow of participants

through the study. The outcomes and explanatory factors included in the longitudinal analysis
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are defined here, but further detailed descriptions of cognitive and behavioural assessments
are provided in the methods sections of Chapters 7 and 8. The statistical methods used for
the longitudinal analysis and the model development process is described, and the study

limitations and their possible impact on the analysis are discussed.

6.2 Study population and follow-up

EPICure was one of the first and largest prospective, national, population-based cohort
studies to identify and follow up a birth cohort of EPT infants born <26 weeks of gestation.
The purpose of the study was to describe the survival, health and development of these
infants and monitor their course through childhood into adolescence. Born in 1995, 306
survivors were contacted for follow up at 1, 2.5, 6, 11, 16 and 19 years of age. In the earlier
pre-school studies the focus was on identifying disability, neurological problems,
developmental delay and growth impairment. As the infants moved into childhood and
adolescence, the focus shifted to the measurement of neurocognitive and behavioural
outcomes. Figure 6.1 provides a summary of the assessments conducted at each stage of
follow-up and Figure 6.2 displays the flow of participants through the study according to

whether participants were born EPT or at term.

6.2.1 Delivery to 30 month assessment

The original EPICure cohort consists of all live births between 1st March to 31st December
1995 believed to be at 20 to 25 completed weeks of gestation at the time of birth from all 276
maternity units in the UK and Republic of Ireland. . The expected date of delivery was based
on the last menstrual period of the mother or on the results of an ultrasound scan performed

before 20 weeks’ gestation, if only one or the other was available. If both were
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Figure 6.1: Data collection schedule in the EPICure cohort at follow-up assessments

Domain
Functional disability
General health

Health and social service
use

Health status
Laterality

Motor skills

Intelligence quotient

Attention and executive
function

Language

Phonological abilities

Academic attainment and
learning difficulties

Special educational needs
(SEN)

Behaviour screen

ADHD symptoms
Autism symptoms

Emotional symptoms

Psychotic symptoms
Psychiatric disorders

Socio-economic status
Self esteem

Quality of life
Employment
Risk taking behaviours

Family, social and sexual
relationships

2.5 year (1997-98)
Paediatric assessment
Parent questionnaire
Parent questionnaire

Parent questionnaire

Paediatric assessment

Bayley Scales of Infant Development
Il Psychomotor Developmental Index

Bayley Scales of Infant Development
Il Mental Developmental Index

Tester ratings of child behaviour

Child Behaviour Checklist 11

Parent questionnaire

6 year (2001-02)
Paediatric assessment
Parent questionnaire
Parent questionnaire

Health Utilities Index Il
Paediatric assessment

NEPSY Sensorimotor

NEPSY Visuospatial
Processing

Kaufman Assessment Battery
for Children (KABC)

NEPSY Attention and
Executive Function

Preschool Language
Scale-3
Phonological Abilities Test

Test of Academic Attainment
Skills

KABC Achievement scale

Teacher questionnaire

Strengths and Difficulties
Questionnaire (parent report)

Conner’s Rating Scales

Parent questionnaire

11 year (2006-07)
Paediatric assessment
Parent questionnaire
Parent questionnaire

Health Utilities Index 111
Paediatric assessment
Edinburgh Handedness
Inventory

NEPSY Sensorimotor
NEPSY Visuospatial
Processing

Kaufman Assessment Battery

for Children (KABC)

NEPSY Attention and
Executive Function

WIAT-II Non word reading

Wechsler Individual
Achievement Test || Reading
and Mathematics Scales

Magnitude Estimation Test

Teacher questionnaire

Strengths and Difficulties
Questionnaire (parent report)

Du Paul Rating Scale IV

Social Communication
Questionnaire

Development and Wellbeing
Assessment

Parent questionnaire

16 year (2011-12)

Parent questionnaire

GCSE results

Parent questionnaire
Participant questionnaire

Strengths and Difficulties
Questionnaire (parent and
participant self-report)

Du Paul Rating Scale IV

Parent questionnaire

19 year (2014-15)
Clinical assessment
Participant Questionnaire
Life course interview

Health Utilities Index Ill
Edinburgh Handedness Inventory

Beery-Buktenica Test of Visual Motor Integration

Wechsler Abbreviated Scale of Intelligence

Attention Network Test

Rapid Automatized Naming Test

Verbal fluency task

Digit span forward and backward
Prospective memory task

Examiner ratings of speech and language

Test of Word Reading Efficiency

Test of Word Reading Efficiency

W oodstock-Johnson Il Test of Achievement
Mathematics sub tests

Life course interview

Life course interview

Achenbach Youth Self Report

Adult ADHD Self Report Scale

Adults Autism Spectrum Quotient

Broad Autism, Phenotype Questionnaire
Beck Depression Inventory

Anxiety from diagnostic interview
Psychotic Like Symptoms Inventory
Clinical Interview Schedule

Participant questionnaire

Rosenberg Self Esteem Scale

Visual Analogue self-esteem scale

World Health Organisation Quality of Life Scale
Life course interview

Life course interview

Life course interview
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Figure 6.2: Flow of participants through the EPICure study

Extremely preterm group Term-born group

812 infants <26 completed

weeks' gestation delivered

between 1st March to 31st
December 1995

1

[ 315 alive at hospital discharge ]

— 4 died
\ 4

[ 302/311 (97%) assessed

—

— 2 died

\ 4

[ 283/309 (92%) assessed

\4

204 matched classmatess
[ 241/309 (78%) assessed

160 assessed
44 refused/not suited

— 2 died

\ 4
[ 219/307 (71%) assessed

153 matched classmates
110 previously assessed
43 new controls

\ 4

138/307 (45%) responded to
postal questionnaire

88 matched classmates
85 previously assessed
3 not previously assessed

— 1 died

\4

[ 129/306 (42%) assessed

65 matched classmates
65 previously assessed

AR IR B

[ 19 years ][ 16 years ][ 11 years ][ 6 years ][ 2.5 years ][ 1years ][ Discharge ][ Delivery ]
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available and the EDD derived from scans differed from that based on LMP by 14 days, the
scan gestation was used. Eight hundred and twelve infants with a confirmed gestation of
between 20 to 25 completed weeks were admitted, of which 315 were alive to be discharged
home. Comprehensive clinical data were collected on all 812 infants up until death or hospital
discharge, and a brief medical assessment was performed on 302 surviving infants at one
year. The next comprehensive assessment was conducted at 30 months corrected age in 283
of the 309 infants who were still alive. This consisted of a structured neurological

163

examination!®3 and a developmental assessment using the BSID-11,1%® as well as a parent

questionnaire collecting family and socio-demographic information.

6.2.2 Six year assessment

Of the 309 children known to have been alive at 30 months, all survived to 6 years. Fifteen
were living outside the UK or Ireland, and of the remaining 294 children, 241 (82%)
participated in the study at a median age of 6 years and 4 months (range: 5 years and 2
months to 7 years and 3 months). Of the 241 participants, 204 attended classes in a
mainstream school, 34 attended a special-needs school, and three were being educated in a
special-needs class attached to a mainstream school. For the 204 children attending classes
in a mainstream school, three classmates born full-term and matched on age, sex and race
were identified by the head teacher, and one was selected at random to participate in the
study. A total of 160 children were evaluated as the comparison group and for the remaining
44, the head teachers or parents refused to participate or a suitable child could not be
identified. The median age of assessment for the comparison group was 6 years and 2 months
(range: 5 years and 1 month to 7 years and 2 months). The 207 EPT children attending

mainstream schools were evaluated using a clinical examination including a
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neuropsychological and cognitive assessment. Children with disabilities in special-needs
schools were evaluated without the use of a comparison child and by means of an appropriate
developmental assessment administered by a panel of 15 experienced and formally trained
developmental paediatricians and psychologists. A parent and family questionnaire collected
information on the home environment, socio-demographic variables and the child’s
behaviour. Additionally, a teacher questionnaire collected information on behaviour and the
child's performance at school. All assessors were blinded to the EPT exposure status of the

child and their neonatal course.

6.2.3 Eleven year assessment

Two further children died before the 11 year assessment, leaving 307 EPT survivors at 11
years of age. Eleven (4%) children were living outside the UK and Ireland and the parents of
18 (6%) children refused to participate, and a further 57 (19%) did not respond to study
invitations. Thus a total of 219 EPT children were assessed with a median age of 10 years and
11 months (range: 10 years and 1 month to 12 years and 1 month). Of the 160 classmates
selected at the six year assessment, 110 (69%) were reassessed at 11 years of age. Where the
EPT child was at a different school to the original six year classmate comparator, or where the
six year classmate declined to participate, a new classmate was selected at 11 years using the
same method as before. This resulted in 43 new classmates joining the comparison cohort,
giving a total of 153 classmates with median age of 10 years and 11 months (range: 9 years
and 9 months to 12 years and 3 months). A similar battery of tests to the six year assessment
were conducted at 11 years (Figure 6.1), with assessors blinded to EPT exposure status and

neonatal course.
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6.2.4 Sixteen year assessment

The assessment at 16 years was brief and questionnaire based. A similar parent questionnaire
to previous years was sent out, collecting demographic and behavioural data, and in addition
a self-report questionnaire on behaviour was sent to participants. The response rate for the
parent questionnaire was 138 (45%) for the 307 surviving EPT participants and 87 (57%) for
153 classmate comparators, and the response rates for the participant questionnaire were

143 (47%) and 88 (58%) respectively.

6.2.5 Nineteen year assessment

One more child died before their 19th birthday, leaving 306 survivors at 19 years of age. A
total of 127 (42%) EPT participants were assessed with a median age of 19 years and 4 months
(range: 18 years and 5 months to 20 years and 6 months). Of the 153 classmates assessed at
11 years, 65 (42%) were reassessed at 19 years of age with a median age of 19 years and 2
months (range: 18 years and 1 month to 20 years and 1 month). The most thorough
assessment was conducted at age 19; in addition to the usual neuromotor examination,
cognitive and behaviour tests, more detailed tests were administered for attention and
executive function, ASD, ADHD and other psychiatric symptoms and disorders. Additionally,
interviews about life course such as employment, risk taking behaviours and family, social and

sexual relationships were conducted.

6.3 Outcomes and explanatory variables

6.3.1 Outcomes
Key outcome data collected on cognition and behaviour were analysed separately (Table 6.1);

measures of assessment will be described in detail in the subsequent chapters. It was
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intended to analyse motor outcomes, however this was not possible as there was insufficient
consistency in the assessments of motor function over time, both with respect to the aspects

of motor function assessed and the scoring systems used.

Table 6.1 Cognitive and behavioural assessments used for the longitudinal analysis of the
EPICure cohort

Year Cognition Behaviour

(parent questionnaire)
2 BSID-11 MDI CBCL
6 KABC MPC SDQ (parent and teacher)
10 KABC MPC SDQ (parent and teacher)
16 - SDQ (parent and self)
19 WASI FSIQ SDQ (parent and self)

6.3.2 Explanatory variables

6.3.2.1 Participant sex
As determined at delivery, there were 160/315 (51%) males in the EPT group and 118/206

(57%) males in the comparison group.

6.3.2.2 Maternal qualifications

Maternal education was based on the highest qualification recorded for the mother over the
study period and classified into two groups: up to O'level (or equivalent) versus A'level (or
equivalent) and above. In the EPT group, 99/274 (36%) of mothers had an A'level qualification

or above and 75/184 (41%) in the comparison group.
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6.3.2.3 Brain injury diagnosed in the neonatal period

EPT participants were classified into five groups according to the severity of brain injury
diagnosed during the neonatal period recorded on the worst scan (Table 6.2). For the analysis
participants with moderate to severe brain injury in groups 3-5 were compared to participants
with no or mild brain injury in groups 1-2. One infant was not classified.

Table 6.2: Severity classification of neonatal brain injury in EPT participants according to the
worst scan

Severity Group Definition Number (%)

1 No pathology, haemorrhage or dilatation, 103 (32.8)
or evidence of parenchymal injury or
parenchymal haemorrhage.

None/mild

2 Subependymal/choroidal/intraventricular 140 (44.6)
haemorrhage or ventricular size <4mm
over 97th centile, and no parenchymal
cysts or parenchymal haemorrhage.

3 Ventricular size >4mm over 97th centile 14 (4.5)
but no parenchymal haemorrhage, cysts
or cystic leukomalacia.
Moderate/severe
4 Unilateral parenchymal problems (left or 42 (13.4)
right), haemorrhage, cysts or cystic
leukomalacia.

5 Bilateral parenchymal lesions 15 (4.8)

6.3.3 Gestational age

GA was based on the last menstrual period of the mother or the results of an ultrasound scan
before 20 weeks'. If both were available and the measures differed by more than 14 days then
the scan gestation was used. Among the 315 EPT infants who survived to discharge: two

(0.6%) were born at 22 weeks GA; 27 (8.6%) at 23 weeks; 100 (31.8%) at 24 weeks; and 25

151



(59.1%) at 25 weeks. For the analysis, GA was dichotomised into two groups; 25 weeks GA

and <25 weeks GA.

6.3.4 Functional impairment

Participants were classified into groups based on their functional impairment, as reported at
their last assessment using guidelines developed by a working group in the 1990s (Table

6.3).222

Table 6.3: Severity classification of functional impairment in EPT participants at last
assessment

Severity Definition Number (%)
None An 1Q no more than 1 SD below the mean and no 45 (15.4)
functional disabilities, reduced vision, hearing aids or
psychiatric diagnosis.

Mild One or more of the following: abnormal neurological 97 (33.2)
signs with minimal functional consequences, an |1Q
score 1to 2 SD below the mean, mild hearing loss not
sufficient to require aids, squints or refractive errors.

Moderate One or more of the following: ambulant CP with 78 (26.7)
moderate impairment, an IQ score 2 to 3 SD below the
mean, sensorineural hearing loss improved by aids,
functionally impaired vision without blindness.

Severe A disability causing the participant to be heavily 72 (24.7)
dependent on caregivers, and may include one or more
of the following: nonambulant CP, an IQ score more
than 3 SD below the mean, profound sensorineural
hearing loss not improved by aids, or blindness.

In the analysis of behavioural outcomes, cognitive impairment was dichotomised into two
groups: moderate to severe (IQ score more than 2 SD below the mean) and none to mild (1Q
score no more than 2 SD below the mean), and functional impairment was dichotomised and

none to mild.

152



6.4 Statistical analysis

6.4.1 General approach

Hierarchical mixed modelling was used to examine the trajectories of neurodevelopment
from early childhood to adulthood using Stata/SE 13.1 for Windows. The advantages of this
approach compared with cross-sectional analysis techniques that simply compare group

averages at each time point are that it:

= Incorporates within-individual correlation across repeated assessments and is a
sensitive method for assessing change as well as group effects;

= |s possible to test for different patterns of growth (intercept, slope and curvature) in
different subgroups;

= Uses maximum likelihood methods which allow individuals with incomplete
longitudinal data to be included in the model and to contribute to estimation of model
effects;

= Allows for unequally spaced measurement intervals, i.e. different ages at assessment;

= Allows the variance around the group mean to be fitted as a random effect and can
test whether the variation in development between individuals widens or narrows

over time.

Separate multilevel models were fitted for cognition and behaviour. Unique 'development'
curves were constructed for each infant from infancy to early adulthood (age 19) and used to
examine average patterns of development over time, taking into account the repeated
measurements within each individual. Within-infant and between-infant variability was
explored, and explanatory factors were added to determine which characteristics affect

variations in development at different stages of life. Group mean developmental trajectories
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were plotted with confidence intervals for each outcome, along with the level of individual
variation over time. Plots were stratified by any explanatory factors found to be strongly
prognostic. A two-sided 5% level of significance was used throughout for reporting confidence

intervals.

6.4.2 Descriptive analysis

For each outcome, the distribution of data was examined by plotting histograms by exposure
status at each time point along with summary statistics, including the mean [SD] with 95%
confidence intervals and the median {IQR} with the range. A plot of outcome trajectories over
time by exposure status were inspected for patterns in longitudinal group change. Group
mean differences between EPT and comparison participants and 95% confidence intervals
were calculated for each time point. These descriptive analyses were repeated, stratified by

each pre-specified categorical explanatory variable.

6.4.3 Comparative analysis of outcome trajectories by exposure status

Throughout the analysis, the participants were defined as level two in the hierarchical data
structure, and the repeated measures assessed on different occasions as level one. Level two
variation represents between-subject variability (variation between individuals), and level
one variation represents within-subject variability (variation between measurements within
the same individual). A term in the model is described as a fixed effect if level one and level
two variation is assumed to be constant among individuals and a random effect if individuals
are allowed to vary about the overall group mean estimate. At each step of developing the
model, the improvement of fit by adding an additional term(s) to the model, was assessed
using the likelihood ratio test (LRT) for the model as a whole and the Wald test for individual

coefficients.
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6.4.3.1 Linear growth model with age as a fixed effect

The most basic model for each outcome variable assumes that outcome is a linear function
of age. This model assumes that within-subject (level one) and between-subject (level two)
variation is constant over time and fits a straight line with a common intercept a and fixed

slope. This model can be expressed as:
Vi = (Bo + 1) + B1Agejj + €j;
Fixed effects: Bo + B1 Ageij Random effects: y; + ejj
1~ N(0, 02,) and ej;~ N(0, 0%)

where the response variable yjj denotes the score of individual j (j=1, 2 ... n) measured at
occasion i (i=1, 2 ... m). The age term specifies the age of individual j at occasion i and the
coefficient B1 represents the increase (or decrease) in the mean score with year of age. The
term p; represents the between-subject variability at level two, i.e. the difference of the jth
individual from the overall mean line given by the fixed part of the model. The term ej
represents the within-subject variability at level one, i.e. the departure of the jth individual's
actual score from the predicted score at occasion i. It is assumed that random effects y; and
ejj are independent and Normally distributed with a mean of zero and a variance of 6%, and
o2 respectively. The similarity between individuals is measured by the intraclass correlation
coefficent:

2
Ou

2 2
a#+ 04

This is the proportion of variation that is due to differences between individuals.
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6.4.3.2 Linear growth model with age as a random effect
When age is fitted as a random effect, this allows the between-subject (level two) variance to
become a function of age and allows for the correlation between an individual's score at
different ages. This model can be expressed as:
Vi = (Bo+ Hoj) + (B1+ 1) Agejj + e
Fixed effects: Bo + B1Ageij Random effects: poj + HijAgeij + eij

M .
[Hjj'] ~N(0, 0%w0 + 2 opo1 + 0%1) and ej;~ N(O, o)

The parameter uy; represents the departure of the jth individual from the slope of the overall
mean growth line B, allowing the rate of growth as well as the average level of growth to vary
between individuals. The variance of pij is denoted by 02,1 and the covariance of poj and py;

by 0o1. The variance function for between-individual variation can be calculated as follows:
var(poj + LijAge) = var(Woj) + 2cov(poj, HijAgei) + var(uijAgei)
= var(Hoj) + 2cov(uoj, U1j)Agei + var(u)Age?;
= 02,0 + 2 opo1Ageij + 0% Age?;
6.4.3.3 Addition of EPT exposure status

A group term was added as a fixed effect specifying whether individual j was born EPT (EPT=1)

or at term (EPT=0):
Yii = (Bo + Hoj) + (B1 + Haj) Ageij + B2EPT + g

The coefficient B, represents the difference in the mean score of EPT participants compared

to the term-born comparison group. This model fits a separate line for both groups, allowing
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the intercept to vary but with the same slope. An interaction term between age and group

can be added to test whether EPT and term-born participants vary on slope:
Yij = (Bo + Hoj) + (B1 + 1)) Ageij+ B2EPT + B3Age; *EPT + ej

6.4.3.4 Non-linear growth model

A constant rate of development may not be likely in reality and this can be incorporated into
the model by including non-linear functions of age, such as quadratic, cubic terms and other
polynomials which allows for curvature in the fitted line. Since individuals in this study only
have a maximum of four data points for cognitive and behavioural outcomes, with most
classmates only having two or three data points, only a quadratic function of age was
considered as a fixed effect. Introducing higher order non-linear functions would be likely to
result in overfitting the data. It is possible to model level two variation as a non-linear function
of age, allowing the slope of each individual's curve to vary about the overall mean
development curve. However, due to small number of data points, and size of the sample,
this additional complexity was not introduced to the model. Adding a quadratic function of

age as a fixed effect, results in the model:
¥ij = (Bo + Hoj) + (B1+ pyj) Ageij + B2EPT + B3Age *EPT + BaAge?;j + ej;
Fixed effects: Bo + B1Ageij + B2EPT + B3Age;*EPT + BaAge?;;
Random effects: poj + HijAgeij + €ij

[ij] ~N(0, 0%u0 + 2 opo1 + 0%1) and ej;~ N(O, o)

where the additional coefficient B4 represents the increase (or decrease) in the mean score

with year of age squared. Where a quadratic function of age is found to be significant, then
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an interaction term between quadratic age and group was fitted to test whether EPT and

term-born participants vary in the curvature of the fitted line.

6.4.3.5 Different Level 1 (within-individual) variance for EPT and comparison group

So far, all models described have assumed that the level one (within-individual) variance is
constant for all participants, but it may be different within the EPT group compared to the
term-born group. This can be tested by fitting group-specific parameters egjj and esjj for the
EPT and comparison group, and comparing it to the model which assumes a common level

one variance:
yii = (Bo + Hoj) + (B1+ W) Ageij + (B2 + €0i)EPT + eq;Term
Fixed effects: Bo + B1Ageij + B2EPT
Random effects: poj+ H1jAgeij + eoij for EPT, poj + H1jAgeij + eqij for Term

Hoj1 . €oj1
[#1,'] N(0, 620+ 2 Oyo1 + 0%,1) and [31,'] N(0, 0%co + 02%c1)

This model includes a dummy variable for the comparison group, where Term=0 for EPT
participants and Term=1 for term-born classmates. Note that the covariance between egjjand
e1jj is constrained to zero as this can only exist if some participants belong to both groups,

which is not possible.

6.4.3.6 Different Level 2 (between-subject) variance for EPT and comparison group
Itis also possible to allow the level-2 (between-subject) variance to vary between the EPT and
comparison group. In this model, separate parameters were fitted for the random intercept

variance, random-slope variance and their covariance for each group:

Term: yij = (Bo+ Hooj) + (B1 + Hozj)Agei; + eujj
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EPT:yij = (Bo+ M1oj) + (B1 + Wayj)Agei + B2 + eoj
For the final model of age and exposure status, the variance functions for EPT participants
and comparison group were plotted against age to examine the level and change in variation
in each group over time. Residual and diagnostic plots were produced to assess the overall

goodness of fit.

6.4.3.7 Addition of explanatory factors

The impact of participant sex on the final model of age and exposure status was examined by
adding a fixed main effect (BsMalej;) and interaction effect with group (BsMale*EPTj;). This
process was repeated for maternal education. The effect of brain injury diagnosed in the
neonatal period and GA on outcome trajectories within the EPT group was tested on the basic

model in 6.4.3.2, with the omission of the parameter for group.

6.4.3.8 Model fitting and covariate selection

The likelihood ratio test was used to assess the fit of one model compared to another. This is
-2In(maximum likelihood in model 1/maximum likelihood model 2) on k degrees of freedom,
where model 1 is the nested (null) model and model 2 has k additional parameter estimates.

A two-sided p-value of <0.05 was considered as significant.

6.4.3.9 Analysis of categorical behavioural scores

The SDQ scores used for the analysis of behavioural trajectories can be classified as being in
the normal and abnormal range (see Chapter 8). The risk ratio of the Total Difficulties Score,
subscale scores and the Impact Score being in the abnormal range in EPT participants
compared to the term-born group was calculated using random effects Poisson regression

model (with fixed exposure time).
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6.4.4 Multiple imputation of cognitive outcomes

For some children who attended for assessment, it was not possible to administer the planned
cognitive test on the day, either due to the child's behaviour or because they were too
cognitively impaired to be tested. However, it was possible to estimate the category of
cognitive ability according to standard deviation from the mean (e.g. 70-84 (-2SD), 55-69 (-
3SD), 40-54 (-4SD) and so on) either based on clinical observation or an alternative
developmental test. For these children, values in the estimated |Q category were imputed
using multiple imputation (Ml). The following procedure was used to implement the Ml

analysis:

= Participants with missing IQ score were allocated to one of the following groups,
based on their clinical assessment and/or other developmental tests: 85-114, 70-84,
55-69, 40-54 and 25-39;

= 10 sets of imputed values for the missing data points were generated randomly in
the assigned range, thus creating 10 completed datasets;

= For each of the completed datasets 10 estimates for the parameters of interest were
calculated, e.g. mean score, regression coefficient;

= The results from the 10 completed datasets were combined to obtain a single
estimate for the parameters of interest, with standard errors that took into account

the variability in results between the 10 imputed datasets.

One limitation with Ml is that statistics which are not estimators, such as p-values and test
statistics, cannot be combined in the usual way using Rubin's rules.?®” This makes model
building and model checking difficult, as such statistics can only be generated separately for

each MI dataset and vary slightly depending on the extent and nature of the missing data.
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Various strategies have been suggested for overcoming the problem of variable selection;?®®
the strategy used in this analysis was to assess model fit in each separate MI dataset using
the LRT. For a parameter to be retained in the model, it was required to have a p-value<0.05
in the LRT in all 10 MI datasets. Predictive and diagnostic plots were generated from the first

Ml dataset as it is not possible to generate these from the combined MI model.

6.4.5 Missing data analysis due to drop out

The number of participants assessed for outcome was reported at each date of assessment
along with the completeness of risk factor data. Infants were classified according to their
pattern of missing data and selected baseline characteristics, other important outcomes and
risk factor variables were tabulated by dropout status. Graphical displays were used to
investigate the missing data mechanism, for example by plotting outcome against time of

assessment by dropout status.

The hierarchical mixed modelling approach uses the method of maximum likelihood, which
has the advantage of allowing incomplete longitudinal follow-up data to be considered in the
estimation of developmental trajectories. This method of analysis fits a line through existing
data points for each individual; so if there were two follow-up visits then the estimates for a
straight line can be derived; for three data points a non-linear monotonic curve can be fitted;
and with four or more data points, a non-linear and non-monotonic curve can be derived. An
additional advantage is that the data points do not have to be equally spaced or consecutive,
so an individual who attended the 30 month assessment at age three, missed the six and ten
year assessment, but reappeared at 19 years can still be included in the analysis. Mixed-
effects models for longitudinal data with maximum-likelihood estimations provide valid

inferences in the presence of ignorable non-response, meaning that the reason for non-
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response is related to either observed covariates or previous observed values of the

dependent variable.?®

Analyses were first conducted in all participants with data available at any time point, and
then restricted to those with complete follow-up assessments. Imputed scores were counted
as non-missing for all analyses because excluding the scores of participants who came for
clinical assessment but who were unable to complete the planned cognitive tests would have

increased the level of bias due to missing data.
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Chapter 7: Longitudinal Analysis of Cognitive
Outcome

7.1 Introduction

Low 1Q scores in childhood are associated with reduced survival and poorer health later in life.2%%
292 Studies show that cognitive ability remains relatively stable from middle childhood onward in
the general population.?°32°* Recent evidence from VPT/VLBW cohorts suggests that deficits in
cognitive function and academic attainment persist into early adulthood.?®>?°” and that
developmental scores from as early as 2 years remain stable into adulthood.?®® Little is known
about the maturation of cognition over childhood and into adulthood for individual EPT survivors.
Failure to catch up by early adulthood raises concerns about the future trajectory of cognitive

function in later adult life.

Arecent review of studies investigating longitudinal cognitive development in VP/VLBW survivors
yielded mixed findings.?%° Some studies reported a decline in cognitive function over time,300-304
some suggested stability,”%3% and others reported improvement over time relative to term-born
individuals.*8306307 However, much of this evidence has come from cross-sectional analyses of
longitudinal data which may explain the inconsistent findings. There may be considerable
variation in individual trajectories which is not detectable using such analytic methods.?® The few
studies that have adopted a longitudinal modelling approach are characterized by several major
shortfalls, including: failure to enroll an appropriate longitudinal comparison group, selective

drop out, small sample sizes and short periods of follow-up.*8>0
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This chapter reports the results from a longitudinal analysis of cognitive trajectory from infancy
to early adulthood in the EPICure study; the largest prospective, population-based cohort of EPT
births.5>3% Changes in cognitive development in EPT participants were compared to those of a
term-born comparison group. The effect of sex and maternal education on these trajectories was
examined, the two main prognostic factors for cognitive impairment in VP/VLBW children,3% and
within the EPT group, the effect of GA and brain injury diagnosed in the neonatal period, which

are also strongly related to neurodevelopmental outcome.40207,208,210

7.2 Cognitive assessments

7.2.1 Bayley Scales of Infant Development Il - Mental Development Index

The BSID-11,1%¢ is a comprehensive, rigorously validated test which is widely used as a
standardised assessment of key developmental milestones in infants up to 42 months. It is a
highly structured, individually administered test with a stringent protocol and requires examiners
to be highly qualified with at least a degree or professional training. The BSID-Il assesses
developmental functioning in three domains using the following scales: Mental Development
Index (MDI), Psychomotor Development Index (PDI) and the Behaviour Rating Scale (BRS). The
MDI includes items that assess memory, habituation, problem-solving, early number concepts,

generalisation, classification, vocalisations, language and social skills.

The BSID-II consists of item sets, ordered by their increasing difficulty, with the entry level
depending on the infant's chronological age. The test takes between 25 and 60 minutes to
administer and counts the cumulative (rather than consecutive) number of passes and failures
within each item set, to establish the basal and ceiling limits for the child. Raw scores are

converted into age-adjusted index scores (mean 100, SD 15) and developmental ages for both
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MDI and PDI. Index scores of 85 and 115 correspond to 1 SD below and above the mean, scores
of 70 and 130 are 2 SDs from the mean, and scores of 55 and 145 are 3 SDs from the mean based
on the normative sample. Based on the Normal distribution, nearly all (99.9%) children should

obtain scores within 3 SDs of the mean, and 95% within 2 SDs of the mean.

The BSID-Il was updated and revised in 1993, and the normative sample was based on 1,700 US
infants and sampling was stratified by age, sex, race/ethnicity, geographical region and parental
educational level (based on the US Census 1988). Norms are provided in one month intervals for
children aged between one to 36 months. However, normative data were not collected for
children with disabilities. Assessing populations with impairment or developmental delay can be
problematic because the test requires entry based on chronological age which can result in
administering a larger number of items drawn from beyond the starting item set, thus increasing
the number of necessary items and failure rate. The manual suggests using corrected age to
determine both the entry point and corresponding norm table for children born preterm. The
lowest index score is 50 and the BSID-Il is not recommended for testing children with serious
disabilities as developmental level cannot be quantified. In such cases, a nominal value can be
assigned to reflect a level of functioning >3SD below the mean, or extrapolated norms for index

scores below 50 can be used.310

7.2.2 Kaufman Assessment Battery for Children - Mental Processing Composite

The Kaufman Assessment Battery for Children (KABC)?*” is an individually administered test that
measures the processing and cognitive abilities of children aged 2.5 to 12.5 years. It was one of
the first intelligence tests to be developed from neuropsychological theory and its purpose was
to evaluate pre-schoolers, minority groups and children with learning disabilities. The test takes

between 35 and 85 minutes to complete and consists of four global test scores: sequential
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processing; simultaneous processing; achievement; and mental processing composite (MPC)
which is the combined score from the sequential and simultaneous processing scales. The
primary aim of the sequential processing scale is to evaluate short term memory and comprises
subtests that focus on problem solving skills, arranging items in sequential order and ability to
recall. The simultaneous processing scale evaluates problem solving skills that involve several
processes at once, for example facial recognition, selecting a picture that completes or is similar
to another picture, arranging pictures in a meaningful order. The MPC represents a global
estimate of a child's level of intellectual functioning and ability to solve unfamiliar problems

simultaneously and sequentially.

Test norms were developed on a large sample of US children of the same age and sampling was
stratified by age, sex, race/ethnicity, geographic region, community size, parental education and
educational placement (normal versus special class). The MPC is standardised to have a mean of

100 and SD of 15 with the lowest score 25, and most children (99.9%) score between 55 and 145.

7.2.3 Wechsler Abbreviated Scale of Intelligence - Full Scale 1Q

The Wechsler Abbreviated Scale of Intelligence (WASI-11)3!! is a short form version of the
Wechsler Adult Intelligence Scale - Third Edition (WAIS-IV)3'2 and was developed to provide
quick, reliable method of measuring intellectual functioning. The four subtest version can be
administered in 30 minutes and vyields the Verbal Comprehension Index (VCl), Perceptual
Reasoning Index (PRI) and Full Scale 1Q scores (FSIQ), which is the sum of the VCI and PRI. The VCI
consists of the Vocabulary subtest which measures word knowledge, verbal concept formation
and fund of knowledge, and the Similarities subtest which evaluates verbal reasoning and
concept formation. The PRI comprises of the Matrix Reasoning subtest which measures visual

information processing and abstract reasoning skills, and the Block Design subtest which
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measures the ability to analyse and synthesize visual stimuli, nonverbal concept formation, and
visual-motor coordination. Subtest raw scores are converted to T-scores from which the VCI, PRI
and FSIQ composite scores can be generated; all with a mean of 100 and SD of 15 and a lowest
score of 25. The normative data were based on a sample of 2,300 nationally representative US
children and adults aged 6 to 90 years, with appropriate representation from special groups with

cognitive impairment.

In the longitudinal analysis reported here, a comparison group of term-born participants was
used as reference data where possible, rather than historic normative data, to address the issue
of secular trends in IQ over time.313314 The upward drift of standardised scores over time, known
as the 'Flynn effect', may result in the overestimation of developmental level if older normative

data are used as the reference.

7.3 Multiple imputation

At each assessment, a number of participants did not complete the standard cognitive tests, but
were either clinically assessed or assessed using another developmental test. Where possible,
these participants were assigned to a category of cognitive ability according to standard deviation
from the mean. At the 2.5 year assessment, there were 34 EPT participants who did not complete
the Bayley scales and a further 18 EPT participants with raw scores too low to be assigned an MDI
index score which has a floor value of 50. For these 18 participants, values were imputed in the
range 40 to 54 (-4SD below the mean). At the 6 year assessment there were 41 EPT participants
and 1 term-born participant with no KABC MPC score and 18 EPT participants in year 11, for
whom values were imputed. At 19 years there were 3 EPT participants who did not complete the

WASI for whom FSIQ scores were imputed. Table 7.1 provides a breakdown of the number of
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participants with imputed values at each assessment, with the category of cognitive ability they

were assigned to.

Table 7.1: Summary of imputed cognitive test scores by age of assessment

Imputed n (%) of EPT participants with imputed values by assessment year
range 2.5 6 11 19
(n=283) (n=241) (n=217) (n=127)
85-114 2 28 2 -
70-84 5 5 - -
55-69 10 9 - -
40-54 35 7 - -
25-39 - 19 16 3
Total 52 (18.4) 42 (17.4) 18 (8.3) 3 (2.4)

2 One term-born participant also had imputed values in the range 85-114 at age 6 years.

7.4 Missing data analysis due to dropout

The patterns of missing cognitive assessments at 2.5, 6, 11 and 19 years are shown in Table 7.2
for EPT participants. Assessments were counted as complete if a cognitive test score was imputed
due to participants not completing the set cognitive test, based on clinical judgement during the
assessment and/or an alternative developmental test. Assessments were defined as missing if
the participant was not seen and no cognitive test score could be assigned. EPT participants were
classified into two groups according to their pattern of missing assessments; completers (all four
assessments) and non-completers (three or less assessments). Thirty-six percent (n=114) of EPT
participants had a complete set of four cognitive test scores, 29.2% (n=92) had three scores,
27.3% (n=86) had one or two scores and 7.3% (n=23) had none. Maternal and infant
characteristics collected at baseline, family SES and infant developmental outcomes at 2.5 years,

mothers’ highest educational qualification and neurodevelopmental
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Table 7.2: Pattern of missing 1Q scores among EPT participants (n=315)

Number of Assessment (year)
assessments 2.5 6 11 19 n (%)
Four + + + + 114 (36.2)
+ + + 84 (26.7)
+ + + 5 (1.6)
Three + + + 2 (0.6)
+ + + 1 (0.3)
+ 33 (10.5)
+ + 11 (3.5)
Two + + 3 (2.0)
+ 2 (0.6)
+ + 1 (0.3)
+ 31 (9.8)
One + 3 (1.0)
+ 2 (0.6)
None 23 (7.3)

impairment at last assessment were compared between the two groups. Two-sided p-values
were calculated using Fisher's Exact Test for binomial variables and the t-test for continuous
variables (Table 7.3). Participants with complete follow-up assessments were more likely to be
from a multiple pregnancy, have mothers who were older, of white ethnicity and better
educated, and have fathers with a non-manual occupation. They also had higher BSID-Il MDI and

PDI scores at 2.5 years and less likely to have moderate to severe CP.
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Table 7.3: Perinatal and neurodevelopmental characteristics of EPT participants according to

completeness of cognitive assessments

Completers:
4 assessments
(n=114)

Non-completers
<4 assessments
(n=201)

P value?

Maternal/paternal factors

Maternal age (years), mean [SD]:

Mother of non-white ethnicity, % (n):
Primigravida, % (n):

Mother smoked during pregnancy, % (n):
Antenatal steroids given, % (n):

Mother's highest educational qualification A ‘level
or above, % (n):°

Father's occupation non-manual, % (n):®

Infant perinatal factors

Multiple birth, % (n):

Congenital anomaly present, % (n):

Gestational age 24 weeks or less, % (n):

Birthweight (grams), mean [SD]:

Male sex, % (n):

Moderate/Severe brain injury during neonatal period, % (n):*
Laser or cryotherapy for retinopathy of prematurity, % (n):
Laparotomy for necrotising enterocolitis, % (n):
Supplemental oxygen at 36 weeks, % (n):

Infant developmental outcomes at 2.5 years

BSID-Il Mental Developmental Index, mean [SD]:
BSID-Il Psychomotor Developmental Index, , mean [SD]:
BSID-Il Behaviour Rating Percentile, , mean [SD]:

CBCL Total Problem T-score, mean [SD]:

Neurodevelopmental impairment at last assessment®
Cerebral palsy, % (n):

Moderate/severe cerebral palsy, % (n):
Moderate/severe cognitive impairment, % (n):
Moderate/severe visual impairment, % (n):
Moderate/severe hearing impairment, % (n):
Moderate/severe functional impairment, % (n):¢
Severe functional impairment, % (n):*

29.4 [5.4] (n=113)
15.9% (18/113)
35.1% (40/114)
27.4% (31/113)
81.6% (93/114)

49.6% (55/111)

51.0% (50/98)

32.5% (37/114)
1.8% (2/114)
43.0% (49/114)
745 [127] (n=114)
45.6% (52/114)
18.4% (21/114)
14.3% (16/112)
1.8% (2/111)
71.1% (81/114)

82.7 [14.4] (n=114)
83.9 [17.4] (n=108)
36.4 [26.6] (n=108)
55.6 [9.4] (n=112)

8.8% (10/114)
6.1% (7/114)
45.6% (52/114)
7.9% (9/114)
0.9% (1/114)
47.4% (54/114)
20.2% (23/114)

27.9 [6.1] (n=200)
27.4% (55/201)
27.5% (55/200)
36.9% (62/168)
77.4% (154/199)

27.0% (44/163)

26.5% (35/132)

21.0% (42/200)
3.0% (6/200)
39.8% (80/201)
749 [107] (n=201)
51.2% (103/201)
25.0% (50/200)
14.7% (29/198)
3.6% (7/197)
75.6% (152/201)

76.1[17.2] (n=169)
79.0 [18.6] (n=154)
35.7 [24.5] (n=151)
55.8 [9.9] (n=158)

23.8% (46/193)
14.7% (28/190)
49.4% (88/178)
12.5% (24/192)
2.6% (5/193)
53.9% (96/178)
27.5% (49/178)

0.03
0.03
0.16
0.12
0.47
<0.001

<0.001

0.03
0.72
0.63
0.76
0.35
0.21
1.00
0.50
0.42

0.001
0.03
0.82
0.89

0.001
0.03
0.55
0.26
0.42
0.28
0.17

2 Two-sided p-values were calculated using Fisher's Exact Test for binomial variables and the t-test for continuous variables.

b Not collected at discharge; first collected at one or two year assessment.

¢Parenchymal pathology and/or ventriculomegaly on worst cranial ultrasound scan before discharge home.

4 Functional impairment includes cerebral palsy, cognitive, visual or hearing impairment.
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The patterns of missing assessments at 6, 11 and 19 years are shown in Table 7.4 for the term-
born classmates recruited at 6 years. Classmates were classified according to their pattern of
missing assessments in a similar way as for EPT participants: twenty-six (n=53) had three
cognitive assessments, 72.8% (n=150) had one or two and 1.5% (n=3) had none. There were a
limited number of factors that could be compared for the comparison group as, unlike the EPT
group, comprehensive data were not collected at baseline or 2.5 years. Infant sex, mother's
highest educational qualification, and neurodevelopmental impairment were compared
between the completers versus non-completers in the comparison group using the same
methods as for the EPT participants (Table 7.5). Except for visual impairment at last assessment,
there were no statistically significant differences between classmates with complete cognitive
assessments and those with fewer visits, however given the small number of participants with
impairments and the limited amount of data to make comparisons, it is not possible to rule out
that differences may actually exist. The excess in the number of cases of visual impairment (and
any functional impairment) in the complete group was due mainly to prescriptions for glasses
recorded at the 19 year assessment, which only 11 of the non-completers attended, so this is

likely to be a spurious finding.

Table 7.4: Pattern of missing assessments among term-born classmates (n=206)

Number of Assessment year
assessments 6 11 19 n (%)
Three + + + 53 (25.7)
57 (27.7)
Two + + 11 (5.3)
+ 50 (24.3)
One + 32 (15.5)
None 3 (1.5)
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Table 7.5: Characteristics of term-born classmates according to completeness of follow-up

assessment

Completers:
3 assessments
(n=53)

Non-completers
<3 assessments
(n=153)

P value?

Mother's highest educational qualification A ‘level or above, % (n):

Male sex, % (n):

Any cognitive impairment at last assessment, % (n)
Moderate/severe cognitive impairment at last assessment, % (n):
Any visual impairment at last assessment, % (n):

Any hearing impairment at last assessment, % (n):

Any functional impairment at last assessment, % (n):®

48.1% (25/52)
39.6% (21/53)
17.0% (9/53)
3.8% (2/53)
39.6% (21/53)
1.9% (1/53)
49.1% (26/53)

37.9% (50/132)
43.8% (67/153)
18.7% (28/150)
2.0% (3/150)
14.1% (21/149)
0.0% (0/149)
30.9% (46/149)

0.24
0.63
0.84
0.61
<0.001
0.26
0.02

2 Two-sided p-values were calculated using Fisher's Exact Test.

b Functional impairment includes cerebral palsy, cognitive, visual or hearing impairment.

Cognitive test scores were calculated at each time point separately by dropout group and plotted

graphically to investigate the missing data mechanism in relation to outcome (Figure 7.1). The

scores were lower among the non-completers compared to the completers in the EPT and term-

born comparison group, except at age 19 years. However, very few participants in the non-

completer group contributed to the estimates at age 19 (n=13 EPT, n=11 term-born) as few non-

completers attended the last assessment; but it appears that those who did had higher cognitive

scores than non-completers who didn't.
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Figure 7.1: Cognitive test scores in the EPT and term-born group by dropout status
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7.5 Primary analysis of all participants with at least one assessment

7.5.1 Descriptive analysis of cognitive test scores in the EPT and term-born group

The distributions of cognitive test scores for the EPT and term-born comparison group are
displayed in Figure 7.2. They are approximately Normally distributed, and the EPT group have
lower mean scores compared to the comparison group in years 6, 11 and 19. The spread of
scores also appears to increase in the EPT group as the children grow older. The individual
longitudinal trajectories for both groups are shown in Figure 7.3. They are generally quite flat
and lower across all time points in the EPT group compared to the comparison group. The
mean IQ scores and 95% confidence intervals at each age are presented in Table 7.6 and
displayed graphically in Figure 7.4. The mean scores in the EPT group are around 20 points
lower than the comparison group at each assessment and remain stable in both groups over
time. There appears to be a slight increase in scores in the EPT group, but this is likely to be
due to the higher rate of dropout in those with lower developmental scores in infancy as seen
in Table 7.3. The number of standard deviations below the mean are also presented in Table
7.6 for each group. These are based on a UK term-born sample at the 2.5 year assessment,3%®
and the distribution of scores in the EPICure term-born comparison group from age 6
onwards. Across all ages, around 85% of the comparison group achieved a score higher than
one standard deviation below the mean, compared to around 30-40% of the EPT group.
Between 15-20% of the EPT group had cognitive test scores less than 3 standard deviation

below the mean at all time points after 2.5 years.

174



Figure 7.2: Distribution of cognitive test scores in the EPT and term-born group by age of
assessment
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Figure 7.3: Longitudinal trajectories of observed cognitive test scores in the EPT and term-
born group from age 2.5 to 19 years
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Table 7.6: Cognitive test scores in the EPT and term-born group by age of assessment

Age 2.5 years Age 6 years Age 11 years Age 19 years
EPT EPT Term EPT Term EPT Term
(n=283) (n=241) (n=160) (n=219) (n=153) (n=127) (n=64)
Cognitive test administered:2 BSID-II MDI KABC MPC KABC MPC WASI-II FSIQ
Age at assessment:®
Mean [SD] 2.5[0.1] 6.3 [0.5] 6.1[0.5] 11.0[0.4] 11.0[0.6] 19.3[0.6] 19.2[0.5]
Median {range} 2.5{2.3,3.3} 6.3{5.2,7.3} 6.2 {5.1,7.2} 10.9 {10.2,12.2} 10.9{9.8,12.3} 19.3{18.4,20.5} 19.2{18.1,20.1}
Cognitive test score:¢
Mean 78.7 81.6 105.7 83.4 104.1 85.7 103.9

(95% confidence interval)

Mean difference (95% confidence interval)

Standard deviation from the mean, n (%):<d

1SD below mean or higher
1-2SD below mean
2-3SD below mean
3SD below mean or lower

(76.7 t0 80.7)

86 (30.4)
114 (40.3)
26 (9.2)
57 (20.1)

(79.0t084.2)  (103.9 to 107.6)

-24.2 (-27.7 t0 -20.6)

68 (28.2) 138 (86.3)
75 (31.1) 20 (12.5)
48 (19.9) 2 (1.3)
50 (20.8) 0 (0.0)

(80.8t085.9)  (102.3to0 105.8)

-20.7 (-24.1t0 -17.3)

69 (31.5) 129 (84.3)
63 (28.8) 22 (14.9)
55 (25.1) 2 (1.3)
32 (14.6) 0 (0.0)

(82.7t088.8)  (101.4to0 106.4)

-18.1(-22.8t0 -13.5)

53 (41.7) 54 (84.4)
17 (13.9) 8 (12.5)
32 (25.2) 2 (3.1)
25 (19.7) 0 (0.0)

2 BSID-Il MDI: Bayley Scales of Infant Development (version 2) - Mental Development Index, KABC MPC: Kaufman Assessment Battery for Children - Mental Processing Composite, WASI-II FSIQ: Wechsler Abbreviated Scale of Intelligence (version 2) - Full

Scale 1Q.

b Corrected age at year 2.5 and chronological age in years 6, 11 and 19.

¢ Values multiply imputed within a clinically specified range for EPT participants seen at assessment but not tested with planned cognitive test: n=52 (year 2.5), n=41 (year 6), n=18 (year11), n=3 (year 19). Values multiply imputed for one term-born

participant in year 6.

d Standard deviations based a UK term-born sample in year 2.53% and the distribution of scores in the EPICure term-born comparison group in years 6, 11 and 19.
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Figure 7.4: Mean plus 95% confidence intervals for observed cognitive test scores in the
EPT and term-born group at age 2.5, 6, 11 and 19
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7.5.2 Comparative analysis of cognitive test scores in the EPT and term-born group

The key stages of model development are summarised in Table 7.7. This model was based on
495 participants (292 EPT participants and 203 term-born classmates) and 1247 observed
cognitive test scores. Age was centred at age 6 years to make the intercept coefficient more
meaningful; it represents the mean difference between the EPT and comparison group at age
6. The reference model (model one) for cognitive outcome fitted age as a random effect and
various parameters were added in turn and retained if the fit of the model was significantly
improved (p<0.05 in the LRT). The equations, LRT statistics and corresponding p-values are
displayed for each model. The MI analysis produced 10 LRT statistics and p-values, one for

each of the 10 Ml datasets, and a parameter was only retained if p<0.05 in all 10 Ml datasets.
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The values provided for each model are the lowest LRT statistic and highest p-value within
the set of 10, which is the most conservative estimate. In model two, EPT exposure status was
added as a fixed effect, and in model three, a EPT*Age interaction was included. Both of these
terms significantly improved the fit of the model and were retained. This implies that the
cognitive trajectories of EPT participants and classmates have different intercepts and slopes;
the EPT group have significantly different scores compared to the comparison group as they
get older, and this difference changes with age. The curvature of the slopes was not
significantly different between groups, assessed by fitting age as a non-linear quadratic
function (model four). Heteroscedasticity was assumed to be constant within and between
groups in models one to four, meaning that the estimates for the between- and within-
individual differences were assumed to have constant variation for all participants. In model
five the within-individual variance was allowed to differ between the EPT and comparison
group, and in model six the between-individual variance was allowed to differ. Both changes

resulted in models with a significantly improved fit.

The estimated coefficients, their standard errors and p-values (Wald test) for the fixed and
random parts of the final model (model six) are presented in Table 7.8. The fixed part of the

model is as follows:

Cognitive test score = 105.2 - 25.2EPT - 0.3(Age-6) + 0.5EPT*(Age-6)

On average, the cognitive test scores of EPT participants were 25.2 points below their term-
born classmates at age 6 (95% Cl: -27.8 to -22.6, p<0.001). Trajectories were similar between

groups, though there was a small but statistically significant increase of 0.5 1Q

179



Table 7.7: Log-likelihood statistics for key model-fitting stages in the mixed model analysis of cognitive test scores of the EPT and term-born
group

Model Addition to model Model Likelihood ratio  p-value®
Number statistic (LRT)*
1 Linear age Vi = (Bo + Hoj) + (B1 + Hy;) Ageij + €j; reference
2 EPT Vi = (Bo + Hoj) + (B1 + Wy;) Ageij + B2EPT + g5 225.4 (1d.f.) <0.001
3 EPT*Age interaction Vi = (Bo + Hoj) + (B1+ W1;) Ageij+ B2EPT + B3EPT*Agej; + ej; 16.6 (1 d.f.) <0.001
4 Non-linear age vi = (Bo + Woj) + (B1 + W) Ageij+ B2EPT + B3EPT*Age;; + BsAge?; + ej; 2.4(1d.f) 0.12
5 Different level-1 (within-individual) Vii = (Bo + Hoj) + (B1 + Wyj) Ageij + (B2 + e1;)EPT + B3EPT*Agej + egjTerm 29.0(1d.f.) <0.001

variance for group

6 Different level-2 (between-individual) Term: yi = (Bo + Hooj) + (B1 + Moij)Ageij + €ojj 63.0 (3 d.f.) <0.001
variance for group EPT: yij = (Bo + Mioj) + (B1 + H11j)Ageij + B2 + B3Ageij + eajj

a Lowest LRT statistic and highest p-value reported from the 10 multiply imputed models. The LRT statistic reported for model 2 is compared to the reference model. The LRT statistics for
subsequent models are compared to the last model that improved the fit with p<0.05.
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Table 7.8: Mixed model analysis of cognitive test scores in the EPT and term-born group

Parameter  Estimated 95% CI p-value
coefficient

Fixed effects
Constant Bo 105.2 (103.5t0106.9) <0.001
EPT B1 -25.2 (-27.8t0-22.6) <0.001
Age B2 -0.3 (-0.5t0-0.1) 0.006
EPT*Age interaction Bs 0.5 (0.2t00.7) <0.001
Random effects
Level 1 (within-individual)

Term Oeo 5.7 (49t06.7)

EPT Oet 8.7 (8.1t09.4)
Level 2 (between-individual)

Term intercept SD Ou00 10.6 (9.2t012.2)

Term slope SD Ouo01 0.7 (0.5t01.0)

Term correlation(intercept, slope) 000 o1 -0.6 (-0.8 t0 -0.3)

EPT intercept SD Ou10 16.3 (14.9t0 17.9)

EPT slope SD Oui1 0.5 (0.3t00.8)

EPT correlation(intercept, slope) Ou10 p11 0.3 (-0.01 to 0.6)

Figure 7.5: Predicted mean cognitive test score and 95% confidence intervals for the fixed

portion of the model for the EPT and term-born group
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points per year in the EPT group relative to the comparison group; 1Q scores fell by 0.3 points
for each year after age 6 in the comparison group and increased by 0.2 points in the EPT
group. The predicted mean trajectories and 95% confidence intervals for the fixed portion of
the model are displayed in Figure 7.5. For the random part of the model, the estimated within-
individual variation was 5.7 points for classmates and 8.7 points for EPT participants, so the
test scores of EPT participants at different time points vary more around their average score
than in control classmates. The estimated function for between-individual variation in

classmates is given by:©

var(uooj + umjAgeij) =10.6%-2x 4.2(Age—6)ij + 0.72(Age—6)2ij

and for EPT participants,

var(Uioj + H11jAgeij) = 16.32 + 2 x 2.7(Age-6);; + 0.52(Age-6)?;

These functions are plotted in Figure 7.6 and indicate that the variance in 1Q scores between
EPT participants was higher than in classmates and increased as they got older, whereas the
between-individual variance dipped slightly among classmates. The SD around the mean
intercept was lower in classmates (10.6 versus 16.3 points), but the SD around the mean slope
was higher (0.7 versus 0.5 points). The negative covariance of -4.2 in the comparison group
implied that there was a negative correlation between random slopes and intercepts, so the
higher a term-born individual's 1Q score early on, the less steep the increase over time.
Conversely, the positive smaller covariance of 2.7 in the EPT group implied that the higher an

EPT individual’s 1Q score early on, the steeper the increase over time.

¢ Covariance(intercept, slope) = correlation(intercept, slope) x SD(intercept) x SD(slope)
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Figure 7.6: Predicted between-individual variance function for the EPT and term-born group
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7.5.3 Diagnostics and model fit

The standardised level one residuals were approximately Normally distributed (Figure 7.7),
and were fairly randomly scattered when plotted against the predicted scores and age at
assessment, although there was some evidence that in the comparison group higher scores
tended to be slightly overestimated and lower scores slightly underestimated. Most of the
standardised level one residuals had values <|2| with a few outliers with values <|3]. Large
residuals sometimes occurred in the Ml datasets when imputed values were at the low end
of the assigned range, but this fluctuated with each imputed dataset. For example, the EPT
child with the residual of <-4 in the graphs displayed here for the first imputed dataset had
an imputed value of 25 which was bottom of the 25-39 range assigned, but in subsequent M

datasets imputed values were higher and the corresponding residuals less extreme.
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The predicted random intercepts and slopes were also approximately Normally distributed
(Figure 7.8), though the predicted random intercepts in the EPT group was somewhat
negatively skewed indicating that a greater proportion of EPT participants had lower
predicted intercepts than might be expected in a Normal distribution. The caterpillar plots in
Figure 7.9 rank the level two residual for each child with 95% confidence intervals. Almost all
of the confidence intervals overlapped zero in the predicted random slope plots, but in the
predicted random intercept plots a small group of individuals at the lower and upper end of
the plots (particularly in the EPT group) had confidence intervals for their residuals that did
not overlap zero. Since these residuals represent individual departures from the overall
average intercept predicted by the fixed parameters Bo and B1, this means that these are the

individuals that differed significantly from the average at the 5% level.
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Figure 7.7: Standardised level one residual diagnostic plots for cognitive test scores

Extremely preterm Term-born Extremely preterm Term-born
& ~ A
w0 | 2 * e
3 S
2
8
= =
= T o
R £
o °
o i
s
S o
ER
8
0+ %]
.
<4
O = T T T T T T T ° T T T T T T
5 0 5 5 0 5 0 50 100 150 0 50 100 150
Standardised level-1 residuals Predicted IQ score
Extremely preterm Term-born Extremely preterm Term-born
<+ <4 <4
P oSt ° . . M > ..
] . _r‘: o~ o~
3 . s n @
2 o 3
3 9 g 2
o g
g P 2
L T oo oA
5 H g
3 3
: ¥ " 3
S« . . . °
S o . 5
2 *e 3
g |* . 5 o fr 51
< .
° ¥ ¥
T T T T T T T T
25 6 11 19 25 6 11 19 .
2 0 2 2 1 4 1 2
Age of assessment (years)
Inverse Normal Inverse Normal
Figure 7.8: Predicted random intercepts and slopes for cognitive test scores
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Figure 7.9: Caterpillar plots of random intercept and slope predictions and 95% confidence
intervals versus ranking for cognitive test scores
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7.5.4 Stratified analysis of cognitive test scores in the EPT and term-born group by
participant sex and maternal education

The mean 1Q scores and 95% confidence intervals at each age for EPT participants and term-
born classmates, stratified by sex and maternal education, are presented in Table 7.9.
Observed and predicted mean trajectories adjusted for sex and maternal education are
displayed in Figure 7.10 . Adding sex as a main effect to the unadjusted model did not have a
significant effect, but there was evidence of an interaction between sex and group (Table
7.10). The estimated 1Q scores of EPT males were 8.8 points below EPT females (95% Cl: -13.6
to -4.0, p<0.001), but there was no significant difference between males and females in the
comparison group. The estimated 1Q scores of participants with more highly educated
mothers were 3.2 points higher in both the EPT and comparison group (95% Cl: 0.8 to 5.7,
p=0.01). The interaction between education and group was not significant (lowest LRT p=0.92)
implying that the impact of maternal education on the rate of cognitive development was

similar in both groups (Table 7.10).
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Table 7.9: Cognitive test scores in the EPT and term-born group by age of assessment stratified by sex of participant and maternal education

Age 2.5 years Age 6 years Age 11 years Age 19 years
EPT (n=283) EPT (n=241) Term (n=160) EPT (n=219) Term (n=153) EPT (n=127) Term (n=64)
Cognitive test:a< BSID-1I MDI KABC MPC KABC MPC WASI-II FSIQ
Infant sex
Female
No. (%) 148 (52.3) 119 (49.4) 89 (55.6) 118 (53.9) 89 (58.2) 68 (53.5) 39 (60.9)
Mean 82.4 87.2 105.5 87.6 104.2 88.6 103.6

(95% confidence interval)
Male

No. (%)

Mean

(95% confidence interval)

Mean difference (95% Cl)

Maternal education
Up to O'level (or equivalent)
No. (%)
Mean
(95% confidence interval)

A'level (or equivalent) and above

No. (%)
Mean
(95% confidence interval)

Mean difference (95% Cl)

(80.0 to 84.9)

135 (47.7)
74.6
(71.7t0 77.6)

-7.8(-11.6 to - 4.0)

174 (64.7)
77.9
(75.4 to 80.4)

95 (35.3)
81.1
(77.9 to 84.3)

3.2(-1.0to 7.4)

(83.9t090.4)

122 (50.6)
76.1
(72.3t079.9)

-11.1 (-16.2 to -6.1)

146 (63.8)
80.6
(77.4t0 83.8)

83 (36.2)
83.8
(79.0 to 88.7)

3.2(-2.4t0 8.9)

(103.2 to 107.8)

71 (44.4)
106.0
(103.0 to 109.0)

0.5(-3.3t0 4.2)

82 (58.2)
104.7
(102.1 to 107.2)

59 (41.8)
108.7
(105.6 to 111.7)

4.0 (-0.01 to 8.0)

(84.5 t0 90.6)

101 (46.1)
78.5
(74.4t0 82.6)

-9.1(-14.1t0-4.0)

131 (63.0)
82.7
(79.4 t0 86.1)

77 (37.0)
86.3
(82.1t090.6)

3.6 (-1.8t0 9.0)

(102.2 to 106.3)

64 (41.8)
103.8
(100.8 to 106.9)

-0.4(-4.0t03.2)

87 (60.0)
102.6
(100.3 to 104.8)

58 (40.0)
106.1
(103.0 to 109.1)

3.5(-0.2t0 7.2)

(84.9 t0 92.3)

59 (46.5)
82.4
(77.6t0 87.2)

6.2 (-12.2t0-0.2)

64 (51.6)
85.6
(81.7 to 89.4)

60 (48.4)
87.3
(82.7t0 91.8)

1.7 (-4.3t0 7.7)

(100.7 to 106.5)

25(39.1)
104.4
(99.7 to 109.0)

0.8 (-4.5t0 6.1)

32 (50.8)
103.4
(99.4 t0 107.3)

31(49.2)
104.3
(101.1 to 107.5)

0.9 (-4.3t06.2)

a BSID-Il MDI: Bayley Scales of Infant Development (version 2) - Mental Development Index, KABC MPC: Kaufman Assessment Battery for Children - Mental Processing Composite, WASI-II FSIQ: Wechsler Abbreviated Scale of
Intelligence (version 2) - Full Scale 1Q.
b Corrected age at year 2.5 and chronological age in years 6, 11 and 19.

¢ Values multiply imputed within a clinically specified range for EPT participants seen at assessment but not tested with planned cognitive test: n=52 (year 2.5), n=41 (year 6), n=18 (year11), n=3 (year 19). Values multiply
imputed for one term-born participant in year 6.
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Table 7.10: Mixed model analysis of cognitive test scores in the EPT and term-born group
adjusted for sex and maternal education

Adjusted for sex Adjusted for maternal
(n=495) education (n=456)
Estimate 95% Ci Estimate  95% Cl
Fixed effects
Constant 105.1 (103.0to0 107.2) 104.2 (102.2 to 106.3)
EPT 21.0 (-24.4t0-17.6) 25.0 (-27.7t0-22.2)
Age -0.3 (-0.5t0-0.1) -0.3 (-0.5t0-0.1)
EPT*Age interaction 0.5 (0.2t00.7) 0.5 (0.3t00.8)
Male 0.1 (-2.8t03.0) - -
EPT*Male interaction -8.8 (-13.6t0-4.0) - -
Higher maternal education - - 3.2 (0.8t05.7)
Random effects
Level 1 (within-individual)
Term 8.7 (8.1t09.4) 8.8 (8.1t09.5)
EPT 57 (4.9t06.7) 5.6 (4.8t06.6)
Level 2 (between-individual)
Term intercept SD 15.8 (14.3t017.3) 16.2 (14.7to 17.9)
Term slope SD 0.5 (0.3t00.8) 0.5 (0.3t00.8)
Term correlation(intercept, slope) 0.4 (0.041t00.7) 0.3 (-0.02to0 0.6)
EPT intercept SD 10.6 (9.2t012.2) 10.6 (9.1t012.2)
EPT slope SD 0.7 (0.5to01.0) 0.7 (0.5t01.0)
EPT correlation(intercept, slope) -0.6 (-0.8t0-0.3) -0.6 (-0.8to0-0.3)
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Figure 7.10: Observed and predicted mean cognitive test scores plus 95% confidence intervals
in the EPT and term-born group stratified by sex and maternal education
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7.5.5 Stratified analysis of cognitive test scores of EPT participants by neonatal brain injury
and gestational age

The mean 1Q scores and 95% confidence intervals at each age of assessment for EPT participants,
stratified by GA and brain injury diagnosed during the neonatal period, are presented in Table
7.11. The observed and predicted mean trajectories adjusted for neonatal brain injury and GA
are displayed in Figure 7.11. In the predicted model (Table 7.12), scores of EPT participants with
moderate/severe neonatal brain injury were on average 10.9 points below participants with
no/mild brain injury (95% Cl: -15.5 to -6.3, p<0.001). The interaction term between brain injury
and age was not significant (lowest LRT p=0.50), indicating that the rate of cognitive development
between those with none/mild and moderate/severe brain injury was similar over time. On
average, the IQ scores of participants born less than 25 weeks of gestation were 4.4 points lower
than participants born at 25 weeks (95% Cl: -8.4 to -0.4, p=0.03) and the interaction between GA

and age was also not significant (lowest LRT p=0.78) (Table 7.12).

191



Table 7.11: Cognitive test scores in EPT participants by age of assessment stratified by neonatal brain injury and gestational age

Age 2.5 years Age 6 years Age 11 years Age 19 years
(n=283) (n=241) (n=219) (n=127)
Cognitive test:a< BSID-11 MDI KABC MPC KABC MPC BSID-11 MDI
Neonatal brain injury
No/mild brain injury
No. (%) 220 (77.7) 187 (77.6) 169 (77.5) 104 (82.5)

Mean (95% Cl)
Moderate/severe brain injury

No. (%)

Mean (95% Cl)

Mean difference (95% Cl)

Gestational age at delivery
25 weeks
No. (%)
Mean (95% Cl)
<25 weeks
No. (%)
Mean (95% Cl)

Mean difference (95% Cl)

80.5 (78.3 t0 82.6)

63 (22.3)
72.7 (68.1t0 77.3)

-7.8(-12.4t0-3.12)

167 (59.0)
79.8 (77.5t0 82.2)

116 (41.0)
77.1(73.8 to 80.4)

2.7 (-6.7t0 1.3)

85.2 (82.7t0 87.7)

54 (22.4)
68.9 (62.0 to 75.8)

-16.3 (-22.3t0 10.4)

144 (59.8)
84.3 (81.2t0 87.5)

97 (40.2)
77.4(73.1to 81.8)

-6.9(-12.2t0 1.6)

86.1(83.6 to 88.5)

49 (22.5)
73.8 (66.5 to 81.0)

-12.3(-18.3t0 -6.3)

126 (57.5)
86.1(83.3 t0 88.9)

93 (42.5)
79.7 (75.1 to 84.4)

-6.3(-11.5t0 1.2)

87.2 (84.2t090.2)

22 (17.5)
78.4 (68.8 t0 88.1)

-8.7(-16.7 t0 -0.8)

75 (59.1)
87.6 (84.2 t0 91.0)

52 (40.9)
83.1(77.7 to 88.6)

-4.5(-10.6 t0 1.7)

2 BSID-Il MDI: Bayley Scales of Infant Development (version 2) - Mental Development Index, KABC MPC: Kaufman Assessment Battery for Children - Mental Processing Composite, WASI-Il FSIQ: Wechsler

Abbreviated Scale of Intelligence (version 2) - Full Scale 1Q.
b Corrected age at year 2.5 and chronological age in years 6, 11 and 19.

¢ Values multiply imputed within a clinically specified range for EPT participants seen at assessment but not tested with planned cognitive test: n=52 (year 2.5), n=41 (year 6), n=18 (year11), n=3 (year 19).
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Table 7.12: Mixed model analysis of cognitive test scores in EPT participants adjusted for
neonatal brain injury and gestational age

Adjusted for neonatal Adjusted for gestational
Parameter brain injury (n=291) age (n=292)
Estimate 95% Ci Estimate 95% Ci
Fixed effects
Constant 82.4 (80.2to 84.5) 81.8 (79.2to 84.4)
Age 0.2 (0.06to00.3) 0.2 (0.06to00.3)
Moderate-severe brain Injury -10.9 (-15.5t0-6.3) - -
Gestational age <25 weeks - - -4.4 (-8.4t0-0.4)
Random effects
Level 1 (within-individual) 8.7 (8.1t09.4) 8.7 (8.1t09.4)
Level 2 (between-individual)
Intercept SD 15.6 (14.2t017.2) 16.2 (14.7to 17.7)
Slope SD 0.5 (0.3t00.8) 0.5 (0.3t00.8)
Correlation(intercept, slope) 0.3 (-0.03t0 0.6) 0.3 (-0.02to0 0.6)
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Figure 7.11: Observed and predicted mean cognitive test scores plus 95% confidence intervals in
EPT participants stratified by neonatal brain injury and gestational age
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7.6 Complete case analysis of cognitive test scores in the EPT and term-born
group

All analyses were repeated for the 167 completers (114 EPT and 63 classmates) and the results
are shown in Table 7.13 and Figure 7.12-Figure 7.13. IQ scores were around 3 points higher on
average in the complete-case analysis compared to the analysis including all participants. All of
the differences reported between groups were of similar magnitude in the complete-case
analysis, and the same results were statistically significant, except for a reduced effect of

maternal education; difference in means for completers: 2.1 points (95% Cl: -1.6 to 5.9, p=0.26).
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Table 7.13: Complete case: mixed model analysis of cognitive test scores in the EPT and term-
born group adjusted for sex, maternal education, neonatal brain injury and gestational age

Extremely preterm and term-born participants

Unadjusted model (n=167)

Adjusted for sex (n=167)

Adjusted for maternal
education (n=163)

Estimate 95% CI Estimate 95% Cl Estimate 95% CI
Fixed effects
Constant 108.2 (105.1to 111.3) 108.5 (104.8to 112.2) 107.4 (103.9to 111.0)
EPT -23.9 (-28.1t0-19.8) -19.5 (-24.5to0-14.4) -23.7 (-27.8t0-19.6)
Age -0.4 (-0.6t0-0.2) -0.4 (-0.6t0-0.2) -0.4 (-0.6t0-0.2)
EPT*Age 0.5 (0.2t00.8) 0.5 (0.2t00.8) 0.6 (0.3t00.8)
Male - - -0.8 (-5.9t04.4) - -
EPT*Male - - 9.7 (-17.1to-2.4) -
Higher maternal education - - - - 2.1 (-1.6t05.9)
Random effects
Within-individual
Term SD 4.8 (4.0t05.8) 4.8 (4.0t05.8) 4.8 (4.0t05.8)
EPT SD 7.5 (6.8t08.3) 7.5 (6.9t08.4) 7.5 (6.8t08.3)
Between-individual
Term Intercept SD 10.7 (8.5t013.3) 10.6 (8.5t013.3) 10.5 (8.4t013.2)
Term Slope SD 0.7 (0.5t00.9) 0.7 (0.5t00.9) 0.7 (0.5t00.9)
Term corr(intercept, slope) -0.5 (-0.7t0-0.2) -0.5 (-0.7t0-0.2) -0.5 (-0.7t0-0.2)
EPT Intercept SD 143 (12.4t0 16.6) 13.3  (11.5t015.4) 13.7 (11.8t015.9)
EPT Slope SD 0.6 (0.5t00.8) 0.6 (0.5t00.8) 0.6 (0.5t00.8)
EPT corr(intercept, slope) 0.1 (-0.2t0 0.4) 0.1 (-0.2t0 0.4) 0.1 (-0.2to00.3)

Extremely preterm participants only

Adjusted for neonatal brain

Adjusted for gestational age

injury (n=114) (n=114)

Estimate 95% CI Estimate 95% Cl
Fixed effects
Constant 86.1 (83.2t089.1) 87.1 (83.5t090.7)
Age 0.1 (-0.02t00.3) 0.1 (-0.02t00.3)
Moderate-severe brain Injury -10.1 (-16.9t0-3.2) - -
Gestational age <25 weeks - - -6.6 (-12.0to-1.2)
Random effects
Within-individual SD 7.5 (6.9t08.3) 7.5 (6.9t08.3)

Between-individual

Intercept SD 13.8 (11.9t015.9)
Slope SD 0.6 (0.5t00.8)
corr(intercept, slope) 0.1 (-0.2to0 0.4)

14.0 (12.1t016.1)
0.6 (0.5t00.8)
0.1 (-0.2t00.4)
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Figure 7.12: Complete case: observed and predicted mean cognitive test scores plus 95%
confidence intervals in the EPT participants and the term-born group stratified by sex and
maternal education
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Figure 7.13: Complete case: observed and predicted mean cognitive test scores plus 95%
confidence intervals in EPT participants stratified by neonatal brain injury and gestational age
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7.7 Discussion

In this large dual nation, population-based study, impaired cognitive function in EPT children was
found to persist into early adulthood with no evidence of substantial 'catch-up' with term-born
peers, or further decline. IQ scores were on average 25 points lower in EPT individuals, and scores
were more variable both within individuals and between individuals in the EPT group. While there
were no differences between term-born males and females, being an EPT male had a detrimental
effect on cognitive function, with scores over 8 points lower on average than EPT females,
persisting across childhood and adolescence. There was some evidence that higher maternal
education was marginally beneficial in both the EPT and term-born group. Having moderate to
severe neonatal brain injury also had an adverse effect on outcome for EPT individuals, who had
IQ scores 10 points lower on average compared to EPT individuals with no/mild brain injury.
Survivors born at 25 weeks of gestation had significantly better cognitive function than those

born less than 25 weeks, by a magnitude of about five points.

The findings in this contemporary EPT cohort followed prospectively from birth, were consistent
with those from older VPT/VLBW cohorts in which cognitive scores were persistently lower by
around 10 points compared to term-born individuals into early adulthood.4%°0:298.299,315 There is
thus a significant decline in cognitive function with lower gestation as has been shown in
childhood.?'® The association between level of maternal education and SES and cognitive
outcome in both term and preterm populations has been frequently reported,?9>29%:317 yet there
was only weak evidence of this association in the present study. This may be due to the higher
drop-out rate in younger, less well-educated mothers, which restricted the educational range
included in the analysis, making it less sensitive to detect a difference. It is also possible that

maternal education alone is not a sufficient marker of social disadvantage. The impact of sex on
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the cognitive trajectory of EPT participants supports the findings from cross-sectional studies
which have shown that EPT males are inherently disadvantaged and at greater risk of poorer
neurodevelopmental outcome than their female counterparts.??”.230 Likewise, the adverse effect
of brain injury diagnosed in the neonatal period on subsequent cognitive function is well
documented by studies that report strong linear trends with severity of brain injury,207:210,:299
Widespread structural brain changes are still seen in adulthood and have been shown to be
associated with 1Q.3* The larger between-individual differences among EPT participants may be
partly explained by factors such as sex and brain insult and has been reported previously in VPT
children.??93% The larger within-individual variance was mainly driven by the lack of comparison
group data at 2.5 years; participants with severe cognitive impairment were more likely to have
greater variation in scores over time due to the difference in the lower limits of the BSID-Il and

the later IQ tests.

Comparison of cognitive functioning over time is complicated by the use of different assessments
at different ages; the range of neuropsychological tests that can be performed increases with age
as the brain matures and executive functions develop. Cognitive tests during early childhood rely
to some extent on motor function and provide a much cruder measure of development than
those that can be performed in later childhood and adulthood, and may not accurately measure
core cognitive ability.3!° Additionally, 1Q scores have a tendency to improve over time,?'* which
can be seen in the upward drift of scores in both preterm and term-born groups, however the
impact of this on group differences at any particular time point was avoided by the using

reference data from the contemporary comparison group.

In common with other longitudinal studies, the numbers of participants lost to follow-up

increased over time, and was related to markers of social disadvantage and significant disability.
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It is therefore likely that the true extent of cognitive impairment has been underestimated. The
classmates recruited from mainstream schools are likely to represent a relatively healthy group,
and therefore any differences found may have been exaggerated. However, this is believed to be
minimal, as most children with special educational needs in the UK are integrated into
mainstream schools and only 1.1% of children have special-school placements.3?° Hence the
inclusion of classmates for EPT participants attending special schools (15% in this study) would
have inappropriately biased the comparison group. The findings were strengthened by the
analysis of individuals with complete follow-up which corroborated the main results. Although
this subset of participants had slightly higher cognitive scores in general due to the higher rate of
dropout in those with lower developmental scores in infancy, the same differences between

groups were detected, and were of similar magnitude.

In conclusion, it appears that being born EPT places limits on brain plasticity and function which
is not recovered over time with the most vulnerable being males and those who experienced
brain injury early in life. Acquired brain lesions during the neonatal period have been shown to
cause focal and diffuse structural abnormalities which may disturb neurodevelopmental
processes and impede the brain from maintaining a normal developmental trajectory.3?%322 |f EPT
participants fail to achieve optimum levels of cognitive function once they have reached

maturity, then this has implications for health and well-being in later adulthood and old age.3?3
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Chapter 8: Longitudinal analysis of behavioural
outcome

8.1 Introduction

Compared with term-born children, a higher prevalence of parent- and/or teacher-reported
neurobehavioural problems, in particular emotional symptoms, inattention and peer relationship
problems, are well documented in school-aged children born EPT.#232324325 gtydies using
diagnostic evaluation have also reported a significant excess of psychiatric disorders, in particular
ADHD, ASD and emotional disorders in school aged children born EPT or VPT.40:41.257.267 However,
arecent systematic review of the social development of children born VPT highlighted the paucity
of research in adolescence and early adulthood, a critical period of physical, emotional and social

change, and a notable lack of longitudinal data.326327

The few longitudinal studies that have investigated the prevalence of neurobehavioural
symptoms or disorders in children and adolescents who were born preterm or low birth weight
have shown that the increased prevalence of problems persists over time and may have greater
stability in individuals born preterm compared with those born at term or with normal
birthweight.43:282324328329 The significant excess of anxiety and peer relationship problems has
been shown to persist from childhood through adolescence,3?4330331 and although there may be

323

some evidence of catch-up in attention regulation through adolescence®* and a decrease in the

between-group difference in ADHD symptoms,32* there remains a significant excess of attention

problems and disorders in young adults who were born preterm.323
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Previous studies employed cross-sectional analysis techniques which are not able to detect
variation in individual trajectories. Little is known about how such symptoms change over time
following preterm birth, taking into account differences in the natural onset and course of
different neurobehavioural disorders. In particular, the trajectories of neurobehavioural
problems into adulthood for EPT survivors have not been studied. Failure to understand and
provide support for the long-term development of these individuals will impact on their life-

course opportunities and their social, occupational and family functioning in adulthood.

This chapter reports the results of a longitudinal analysis of the change in neurobehavioural
problems in EPT survivors from childhood to early adulthood in the EPICure study. The main
objective of this analysis was to investigate trajectories of neurobehavioural problems in EPT
survivors from 6 to 19 years of age compared to those of a term-born comparison group; for
neurobehavioural problems overall, and separately for emotional, conduct, hyperactivity/
inattention and peer relationship problems. As with the longitudinal analysis of cognitive
outcome, the effect of sex and maternal education on these trajectories was investigated, and
within the EPT group, the effect of GA and neonatal brain injury. In addition, the impact of a
positive screen for behavioural problems in early infancy and the effect of moderate/severe

cognitive and functional impairment on EPT trajectories were investigated.

8.2 Behavioural screening assessments

8.2.1 Child Behaviour Checklist
The CBCL?® is a 100 item behavioural screening questionnaire completed by parents or carers.
The items are checked from zero to two; parents are requested to circle a zero if an item is not

true for their child, one if it is somewhat or sometimes true and two if it is often/very true. The

203



CBCL for two to three year olds includes six syndrome scales that are combined to give an
overall Total Problem score: Anxious/depressed, Withdrawn, Aggressive, Destructive, Sleep
problems and Somatic behaviour. The Anxious/depressed and Withdrawn scales are combined
to calculate an Internalizing Problems score and the Aggressive and Destructive scales are used
to generate an Externalizing Problems score. The Total Problem raw score is converted into a T-
score (mean 50, SD 10) and can be prorated if the number of missing items is less than 10%.
Scores above the 90th centile (T-score >60) are defined as clinically significant and scores from
the 85th through the 90th centile (T-score 51-60) as borderline clinical. Scores below the 85th

centile (T-score < 50) are classified as normal.

8.2.2 Strengths and Difficulties Questionnaire

The Strengths and Difficulties Questionnaire (SDQ)%%® can be used as both a behavioural
screening tool and dimensional measure332333 and has excellent psychometric properties for
identifying children with behavioural and emotional difficulties in clinical and community

334336 including children born extremely preterm.33¢ The questionnaire can be

populations.
completed by parents and teachers for 3 to 16 year olds, and adolescents aged 11 to 16 years
can complete the form themselves, reporting on perceived strengths and difficulties. The
questionnaire is shorter than the CBCL, consisting of 25 items which are scored zero is if an item
is not true, one if it is somewhat true and two if it is certainly true. The 25 items in the SDQ
comprise five scales of five items each: Emotional Symptoms, Conduct Problems,
Hyperactivity/Inattention, Peer Problems and Prosocial Behaviour. A Total Difficulties Score is
calculated by combining the first four scales (excluding the Prosocial Scale) to give a total score

of zero to 40, with higher scores indicating greater difficulties and a score of 17 and above

indicating abnormal behaviour. Scale scores may be prorated if at least three of the five items
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are completed. The presence of clinically significant problems in each domain and overall can be
identified using published norms.33” The normative data for the UK was based on a large national
survey conducted by the Office for National Statistics in 1999 and included 10,298 parent and
8,208 teacher questionnaires for five to 15 year olds and 4,228 self-completed questionnaires

from 11 to 15 year olds.

The SDQ also contains supplementary items on overall distress and social impairment which can
be summed to generate an Impact Score that ranges from zero to 10 for the parent-completed
version. The five questions include, “Do the difficulties upset or distress your child?” and “Do the
difficulties interfere with your child’s everyday life in the following areas? — home life;
friendships; classroom learning; leisure activities” A score of zero is given if the response is not
at all or only a little, one if quite a lot and two if a great deal. An overall impact score of two to

10 is classified as abnormal.

8.3 Missing data analysis due to dropout

The patterns of missing response to the parent questionnaires sent at six, 11, 16 and 19 years are
shown in Table 8.1 for EPT participants who were classified into two groups according to their
pattern of missing assessments; completers (all four assessments) and non-completers (three or
less assessments). Twenty-six percent (n=82) of EPT participants had a complete set of four
behavioural assessments, 19.7% (n=62) had three, 33.3% (n=105) had one or two and 21% (n=66)

had no behavioural assessments.
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Table 8.1: Pattern of missing parent-reported SDQ Total Difficulties Score among EPT
participants (n=315)

Number of Assessment (year)
assessments 6 11 16 19 N (%)
Four + + + 82 (26.0)
+ + 36 (11.4)
Three + + + 19 (6.0)
+ + + 5 (1.6)
+ + 2 (0.6)
+ 50 (15.9)
+ + 4 (2.3)
Two + + 2 (0.6)
+ + 2 (0.6)
+ + 1 (0.3)
+ 1 (0.3)
29 (9.2)
One + 11 (3.5)
+ 3 (2.0)
+ 2 (0.6)
None 66 (21.0)

Maternal and infant characteristics collected at baseline, family SES at two years, mothers’
highest educational qualification, and neurodevelopmental impairment at last assessment were
compared between the two groups. Regression analysis was performed for each characteristic
(linear for continuous variables and logistic for binary variables) to test for differences between
the complete versus non-complete groups (Table 8.2). EPT participants with complete follow-up
assessments were more likely to have mothers who were of white ethnicity, better educated and
have fathers with a non-manual occupation. They also had higher BSID-Il MDI and PDI scores at
2.5 years and were less likely to be diagnosed with moderate/severe CP. There was no evidence
of a difference in behavioural problems at 2.5 years between completers and non-completers as

assessed by parent-reported CBCL scores.
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Table 8.2: Perinatal and neurodevelopmental characteristics of EPT participants according to

completeness of behavioural screening assessments

Completers:
4 assessments
(n=82)

Non-completers
<4 assessments
(n=233)

P value?

Maternal/paternal factors

Maternal age (years), mean [SD]:

Mother of non-white ethnicity, % (n):
Primigravida, % (n):

Mother smoked during pregnancy, % (n):
Antenatal steroids given, % (n):

Mother's highest educational qualification A ‘level
or above, % (n):°

Father's occupation non-manual, % (n):®

Infant perinatal factors

Multiple birth, % (n):

Congenital anomaly present, % (n):

Gestational age 24 weeks or less, % (n):

Birthweight (grams), mean [SD]:

Male sex, % (n):

Moderate/Severe brain injury during neonatal period, % (n):*
Laser or cryotherapy for retinopathy of prematurity, % (n):
Laparotomy for necrotising enterocolitis, % (n):
Supplemental oxygen at 36 weeks, % (n):

Infant developmental outcomes at 2.5 years

BSID-Il Mental Developmental Index, mean [SD]:
BSID-Il Psychomotor Developmental Index, , mean [SD]:
BSID-Il Behaviour Rating Percentile, , mean [SD]:

CBCL Total Problem T-score, mean [SD]:

Neurodevelopmental impairment at last assessment®
Cerebral palsy, % (n):

Moderate/severe cerebral palsy, % (n):
Moderate/severe cognitive impairment, % (n):
Moderate/severe visual impairment, % (n):
Moderate/severe hearing impairment, % (n):
Moderate/severe functional impairment, % (n):¢
Severe functional impairment, % (n):*

29.4 [5.6] (n=81)
12.4% (10/81)
37.8% (31/82)
24.7% (20/81)
81.7% (67/82)

47.5% (38/80)

54.2% (39/72)

32.9% (27/82)
2.4% (2/82)
46.3% (38/82)
733 [120] (n=82)
41.5% (34/82)
17.1% (14/82)
13.4% (11/82)
2.5% (2/79)
76.8% (63/82)

84.5 [12.7] (n=82)
86.3 [15.1] (n=80)
39.2 [26.1] (n=79)
54.5 [9.2] (n=82)

7.3% (6/82)
4.9% (4/82)
45.1% (37/82)
7.3% (6/82)
1.2% (1/82)
46.3% (38/82)
18.3% (15/82)

28.1[6.0] (n=232)
27.0% (63/233)
27.6% (64/232)
36.5% (73/200)

77.9% (180/231)
31.4% (61/194)

29.1% (46/158)

22.4% (52/232)
2.6% (6/232)
39.1% (91/233)
752 [112] (n=233)
51.9% (121/233)
24.6% (57/232)
14.9% (34/228)
3.1% (7/229)
73.0% (170/233)

76.5 [17.3] (n=201)
78.7 [19.0] (n=182)
34.6 [24.9] (n=180)
56.2 [9.9] (n=188)

22.2% (50/225)
14.0% (31/222)
49.1% (103/210)
12.1% (27/224)
2.2% (5/225)
53.3% (112/210)
27.1% (57/210)

0.10
0.01
0.09
0.07
0.53
0.01

<0.001

0.08
1.00
0.30
0.19
0.12
0.22
0.86
1.00
0.56

<0.001
0.002
0.18
0.17

0.002
0.03
0.60
0.30
1.00
0.30
0.13

2 Two-sided p-values were calculated using Fisher's Exact Test for binomial variables and the t-test for continuous variables.

b Not collected at discharge; first collected at one or two year assessment.

¢Parenchymal pathology and/or ventriculomegaly on worst cranial ultrasound scan before discharge home.

4 Functional impairment includes cerebral palsy, cognitive, visual or hearing impairment.
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The patterns of missing assessments at 6, 11, 16 and 19 years are shown in Table 8.3 for the term-
born classmates, who were classified according to their pattern of missing assessments in the
same way as for EPT participants: 18% percent (n=37) had four completed SDQ questionnaires,

18.9% (n=39) had three, 57.3% (n=118) had one or two and 5.8% (n=12) had no questionnaires.

Table 8.3: Pattern of missing parent-reported SDQ Total Difficulty Score among term-born
classmates (n=206)

Number of Assessment (year)
assessments 6 11 16 19 n (%)
Four + + + 37 (18.0)
+ + 26 (12.6)
Three + + + 8 (3.9)
+ + + 4 (2.9)
+ + 1 (0.5)
+ 33 (16.0)
+ + 14 (6.8)
Two + + 4 (1.9)
+ 1 (0.5)
40 (19.4)
One + 22 (10.7)
+ 4 (2.9)
None 12 (5.8)

There were a limited number of factors that could be compared for the comparison group as,
unlike the EPT group, comprehensive data were not collected at baseline or 2.5 years. Participant
sex, mothers’ highest educational qualification, and neurodevelopmental impairment were
compared and there were no statistically significant differences between completers and non-
completers in the comparison group. However, given the limited amount of data to make
comparisons and the relatively small numbers, it is not possible to rule out that differences may

actually exist.

208



Table 8.4: Characteristics of term-born classmates according to completeness of behavioural
screening assessments

Completers: Non-completers
4 assessments <4 assessments P value?
(n=37) (n=169)
Mother's highest educational qualification A ‘level or above, % (n): 50.0% (18/36) 38.5% (57/148) 0.26
Male sex, % (n): 40.5% (15/37)  43.2% (73/169) 0.86
Any cognitive impairment at last assessment, % (n) 8.1% (3/37) 20.5% (34/166) 0.10
Moderate/severe cognitive impairment at last assessment, % (n): 0.0% (0/37) 3.0% (5/166) 0.59
Any visual impairment at last assessment, % (n): 32.4% (12/37) 18.2% (30/165) 0.07
Any hearing impairment at last assessment, % (n): 2.7% (1/37) 0.0% (0/165) 0.18
Any functional impairment at last assessment, % (n):® 40.5% (15/37) 34.6% (57/165) 0.57

2 Two-sided p-values were calculated using Fisher's Exact Test.
b Functional impairment includes cerebral palsy, cognitive, visual or hearing impairment.

The SDQ Total Difficulties score were calculated at each time point separately by dropout group
and plotted graphically to investigate the missing data mechanism in relation to outcome
(Figure 8.1). The scores were fairly similar in the completer and non-completer group among the
EPT participants except at age 19 when the completers had slightly worse scores. Within the
term-born comparison group, scores were higher in the non-completer group at all time points,

though there was some convergence at 19 years.
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Figure 8.1: Parent-report SDQ Total Difficulty Score in the EPT and term-born comparison group

by dropout status
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8.4 Primary analysis of all participants with at least one assessment

8.4.1 Descriptive analysis of SDQ scores in EPT participants and term-born classmates

Summary statistics for the SDQ Total Difficulties and subscale scores are shown in Table 8.5
and the distributions of the scores are displayed in Figure 8.2 for each age of assessment.
They were right-skewed in the term-born comparison group with more participants scoring
at the low end of the scale indicating fewer difficulties. In comparison, the scores in the EPT
group had a wider spread and a flatter distribution. The individual longitudinal trajectories
are shown in Figure 8.3. They were not as flat as the cognitive trajectories and appear more
variable over time, with a handful of individuals having large peaks. The mean SDQ scores and
95% confidence intervals at each age are presented in Table 8.6 and displayed graphically in
Figure 8.4. The mean SDQ Total Difficulty scores in the EPT group were around five points
higher than the comparison group at each assessment and remained stable in both groups
over time. The difference appears to be mainly driven by the Hyperactivity/Inattention and
Peer Problems subscales, though the gap between the two groups in the Emotional Symptoms
score seems to widen over time. There was a slight increase in difficulties related to Conduct
Problems and Prosocial Behaviour in the EPT group, but not as marked a difference as in the
other domains. The Hyperactivity/Inattention score comprises of three items that relate to
impulsivity and two items that relate to inattention; it is normally the latter behaviour that is
affected by prematurity. However, both impulsivity and inattention accounted for an
approximately equal proportion of the difference between the Hyperactivity/Inattention
score between the two groups. The percentage of participants classified as being in the

abnormal range for each subscale are also presented in Table 8.5 and displayed in Figure 8.5
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Table 8.5: Parent-report SDQ Total Difficulties and subscale scores in the EPT and term-born group by age of assessment

Age 6 years? Age 11 years Age 16 years Age 19 years®
EPT Term EPT Term EPT Term EPT Term
(n=222) (n=148) (n=209) (n=148) (n=134) (n=86) (n=117) (n=55)
Age at assessment:
Mean [SD] 6.3[0.5] 6.1[0.5] 10.9 [0.4] 11.0[0.6] 17.1[0.3] 17.0[0.3] 19.3[0.5] 19.2 [0.6]
Median {IQR} 6.3{5.9, 6.7} 6.2 {5.8, 6.4} 10.9{10.7,11.2} 10.9{10.6,11.3} 17.0{16.8,17.3} 17.0{16.7,17.2} 19.3{18.8,19.7} 19.3 {18.8, 19.6}
Total Difficulties Score:
Mean [SD] 12.3[6.6] 7.4[5.1] 11.1[7.5] 6.2 [6.0] 11.9[7.6] 6.4 [5.1] 12.2[7.0] 6.8 [5.8]
Median {IQR} 12 {7, 17} 6 {3, 11} 10 {5, 16} 5{2, 8} 10 {5.3, 18} 513, 9} 12 {7, 17} 5 {3, 10}
Abnormal range (17-40), n (%) 56 (25.5) 6(4.1) 48 (23.0) 10 (6.8) 40 (29.9) 4(4.7) 35(30.2) 5(9.1)
Emotional Symptoms:
Mean [SD] 2.4[2.1] 1.9[1.9] 2.7 [2.5] 1.6[2.1] 3.2[2.5] 1.5[1.7] 3.9[2.7] 2.1[2.4]
Median {IQR} 2{1, 4} 1{0, 3} 2{1, 4} 1{0, 2} 3{1,5} 1{0, 2} 4{2, 6} 1{0, 4}
Abnormal range (5-10), n (%) 34 (15.4) 12 (8.2) 51 (24.4) 13 (8.8) 41 (30.6) 7 (8.1) 43 (36.8) 12 (21.8)
Conduct Problems:
Mean [SD] 2.2[2.0] 1.5[1.4] 1.5[1.7] 1.1[1.6] 1.3[1.8] 1.3[1.7] 1.6 [1.5] 1.4[1.5]
Median {IQR} 2{1, 3} 1{0, 2} 1{0, 3} 0{0, 2} 1{0, 2} 1{0, 2} 1{0, 2} 1{0, 2}
Abnormal range (4-10), n (%) 51 (23.2) 13 (8.8) 27 (12.9) 11 (7.4) 18 (13.4) 8(9.3) 12 (10.3) 4(7.3)
Hyperactivity/Inattention:
Mean [SD] 5.4[2.7] 3.1[2.4] 4.4[2.8] 2.4[2.3] 4.1[2.9] 2.3[2.3] 3.9[2.7] 2.0[2.3]
Median {IQR} 5{3, 7.5} 3{1, 5} 4{2, 6} 2{0.5, 3} 4{2, 6} 1.6{1, 3} 3{2, 6} 1{0, 3}
Abnormal range (7-10), n (%) 81 (36.5) 13 (8.8) 48 (23.0) 10 (6.8) 27 (20.2) 4(4.7) 19 (16.2) 3(5.5)
Peer Problems:
Mean [SD] 2.2[2.2] 1.0[1.4] 2.5[2.5] 1.0[1.6] 3.2[2.5] 1.4[1.7] 2.9[2.3] 1.3[1.6]
Median {IQR} 2 {0, 3} 0{0, 2} 2 {0, 4} 0{0, 2} 3{1,5} 1{0, 2} 2{1, 5} 011, 2}
Abnormal range (4-10), n (%) 49 (22.2) 10 (6.8) 68 (32.5) 11 (7.4) 58 (43.3) 8(9.3) 42 (35.9) 5(9.1)
Prosocial Behaviour:
Mean [SD] 7.5[2.3] 8.4[1.5] 8.3[2.3] 9.0[1.3] 7.8[2.5] 8.4[1.7] 7.6 [2.6] 8.3[1.9]
Median {IQR} 8 {6, 9} 9 {7, 10} 9 {7, 10} 10 {9, 10} 9 {6, 10} 9 {7, 10} 9 {6, 10} 9 {7, 10}
Abnormal range (0-4), n (%) 18 (8.3) 0(0.0) 16 (7.7) 0(0.0) 17 (12.7) 4(4.7) 17 (14.7) 3(5.6)

24 EPT and 2 term-born participants had at least one missing subscale score at age 6 years.
b1 EPT and 1 term-born participant had at least one missing subscale score at age 19 years.
Higher scores indicate more behavioural problems (except for Prosocial Behaviour where a higher score indicates greater sociability).
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Figure 8.2: Distribution of parent-report SDQ Total Difficulties Score in the EPT and term-

born group by age of assessment
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for each group. For the SDQ Total Difficulties score, around 25% of EPT participants fell into

the abnormal range across all assessments compared to around 5% of the term-born

comparison group. The percentage of EPT participants classified as abnormal was also greater

for the Emotional Symptoms and Peer Problems scores and the gap appeared to widen over

time, whereas the difference appeared to reduce over time for the Hyperactivity/Inattention

subscale.
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Table 8.6: Mean difference plus 95% confidence internals for parent-report SDQ Total Difficulties and subscale scores in the EPT and term-

born group by age of assessment

Age 6 years?

Age 11 years

Age 16 years

Age 19 years®

EPT Term EPT Term EPT Term EPT Term
(n=222) (n=148) (n=209) (n=148) (n=134) (n=86) (n=117) (n=55)
Total Difficulties Score:
Mean 12.3 7.4 11.1 6.2 11.9 6.4 12.2 6.8

(95% confidence interval)
Mean difference (95% confidence interval)
Emotional Symptoms:

Mean
(95% confidence interval)

Mean difference (95% confidence interval)
Conduct Problems:

Mean
(95% confidence interval)

Mean difference (95% confidence interval)
Hyperactivity/Inattention:

Mean
(95% confidence interval)

Mean difference (95% confidence interval)
Peer Problems:

Mean
(95% confidence interval)

Mean difference (95% confidence interval)
Prosocial Behaviour:

Mean
(95% confidence interval)

Mean difference (95% confidence interval)

(11.4t0 13.1) (6.6t0 8.3)

4.8(3.6t06.1)

2.4 1.9
(2.2t02.7) (1.6t02.2)

0.6 (0.2 t0 1.0)

2.2 1.5
(1.9t0 2.4) (1.2t0 1.7)

0.7(0.3t0 1.1)

5.4 3.1
(5.1t05.8) (2.7t03.5)

2.3(1.8t02.9)

2.2 1.0
(1.9t0 2.5) (0.8t01.2)

1.2 (0.8t0 1.6)

7.5 8.4
(7.2t07.8) (8.1t0 8.6)

0.9 (-1.3 t0 -0.4)

(10.1t0 12.1) (5.2t07.1)
4.9 (3.5t06.4)

2.7 1.6
(2.4t03.1) (1.3t02.0)

1.1(0.6to0 1.6)

1.5 1.1
(1.3t01.7) (0.8t0 1.3)

0.5(0.1t00.8)

4.4 2.4
(4.0t0 4.7) (2.1t02.8)

1.9 (1.4t0 2.5)

2.5 1.0
(2.1t02.8) (0.8t0 1.3)

1.4 (1.0to0 1.9)

8.3 9.0
(8.0t0 8.6) (8.8t09.2)

0.8 (-1.2 t0 -0.3)

(10.6 t0 13.2) (5.3t07.5)
5.5(3.6t07.3)

3.2 1.5
(2.8t03.6) (1.1t0 1.9)

1.7 (1.1t0 2.3)

1.3 1.3
(1.0to0 1.6) (0.9t0 1.6)

0.1(-0.4t0 0.5)

4.1 2.3
(3.6t0 4.6) (1.8t02.8)

1.8 (1.1t02.6)

3.2 1.4
(2.8t03.7) (1.0t0 1.7)

1.9 (1.3t0 2.5)

7.8 8.4
(7.4t08.2) (8.0t0 8.8)

-0.6 (-1.2 t0 -0.02)

(10.9t0 13.5) (5.3t08.4)

5.3(3.2t07.5)

3.9 2.1
(3.4t0 4.4) (1.5t02.8)

1.7 (0.9t0 2.6)

1.6 1.4
(1.3t0 1.8) (1.0t0 1.8)

0.2 (-0.3t0 0.6)

3.9 2.0
(3.4t0 4.3) (1.4t0 2.6)

1.8 (1.0t02.7)

2.9 1.3
(2.5t03.3) (0.8t01.7)

1.6 (1.0t0 2.3)

7.6 8.3
(7.1t0 8.1) (7.8t0 8.8)

-0.7 (-1.5 to 0.07)

24 EPT and 2 term-born participants had at least one missing subscale score at age 6 years. 1 EPT and 1 term-born participant had at least one missing subscale score at age 19 years.
¢ Missing data at 6 years: 3 EPT, 11 years: 3 EPT and 2 term-born, 16 years: 8 EPT, 19 years: 2 EPT.
Higher scores indicate more behavioural problems (except for Prosocial Behaviour where a higher score indicates greater sociability).
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Figure 8.4: Mean and 95% confidence intervals for SDQ Total Difficulties and subscale
scores in the EPT and term-born group at age 6, 11, 16 and 19
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Figure 8.5: Percentage in abnormal range and 95% confidence intervals for SDQ Total
Difficulties and subscale scores in the EPT and term-born group at age 6, 11, 16 and 19
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8.4.2 Comparative analysis of SDQ scores in the EPT and term-born group

8.4.2.1 The SDQ Total Difficulties Score

The key stages of model development for the Total Difficulties Score are summarised in Table
8.7. This model was based on 443 participants (249 EPT and 194 term-born participants) and
1114 scores. Age was centred at age six years to make the intercept coefficient more
meaningful; it represents the mean difference between the EPT group and comparison group
at age six. The reference model (model one) fitted age as a random effect and various
parameters were added in turn and retained if the fit of the model was significantly improved
(p<0.05 in the LRT). The equations, LRT statistics and corresponding p-values are displayed
for each model. In model two, EPT exposure status was added as a fixed effect, and in model
three, an EPT*Age interaction was included but was not statistically significant. This implies
that the cognitive trajectories of the EPT and term-born participants have a different intercept
and but a similar slope over time. Fitting age as a non-linear quadratic function (model four)
significantly improved the fit of the model, but curvature did not vary by group (model five).
Heteroscedasticity was assumed to be constant within and between groups in models one to
five, meaning that the estimates for the between- and within-individual differences were
assumed to have constant variation for all participants. In model six the within-individual
variance was allowed to differ between the EPT and term-born groups, and in model seven
the between-individual variance was allowed to differ. Both changes resulted in models with
a significantly improved fit. The estimated coefficients, their standard errors and p-values
(Wald test) for the fixed and random parts of the final models for the Total Difficulties Score

(model seven) and component subscales are presented in Table 8.8. The predicted mean
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Table 8.7: Log-likelihood statistics for key model-fitting stages in the mixed model analysis of the SDQ Total Difficulties Score in the EPT and term-born group

Model Addition to model Model Likelihood ratio  p-value®
Number statistic (LRT)*

1 Linear age Vi = (Bo + Hoj) + (B1 + Wy;) Ageij + €j; reference

2 EPT Vi = (Bo + Hoj) + (B1 + Wyj) Ageij + B2EPT + g5 68.1(1d.f.) <0.001
3 EPT*Age interaction Vi = (Bo + Hoj) + (B1+ W1;) Ageij+ B2EPT + B3EPT*Agej; + ej; 0.04 (1 d.f.) 0.85

4 Non-linear age vii = (Bo + Moj) + (B1 + py;) Ageij+ B2EPT + BsAge?; + e;; 18.5(1d.f.) <0.001
5 EPT*Non-linear age interaction vi = (Bo + Hoj) + (B1 + ;) Ageij + B2EPT + BsAge?; + B4EPT* Age?; + ej 0.4 (1d.f.) 0.52

6 Different level-1 (within-individual) vii = (Bo + Hoj) + (B1 + W) Ageij + (B2 + e1;)EPT + BsAge?; + egjTerm 4.0(1d.f.) 0.05

variance for group

7 Different level-2 (between-individual) Term: yi; = (Bo+ Hoo) + (B1+ Hoij)Age;; + BsAge?; + eoj 14.4 (3 d.f.) 0.002
variance for group EPT:yi = (Bo + Mioj) + (B1 + Hiz;)Agei + B2 + B3Age?;; + eujj

a The LRT statistic reported for model 2 is compared to the reference model. The LRT statistics for subsequent models are compared to the last model that improved the fit with p<0.05.
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Table 8.8: Mixed model analysis of the SDQ Total Difficulties Score and subscales in the EPT and term-born group

SDQ Total Difficulties Score (n=443)

Emotional Symptoms Score (n=443)

Conduct Problems Score (n=443)

Parameter Estimate | 95% ClI Parameter Estimate | 95% ClI Parameter Estimate | 95% CI
Fixed effects Fixed effects Fixed effects
Constant 7.62 | (6.87 to 8.38) Constant 1.85 | (1.58t0 2.13) Constant 1.50 | (1.29t0 1.72)
EPT 4.81 | (3.76 t0 5.87) EPT 0.67 | (0.29 to 1.05) EPT 0.75 | (0.42 to 1.07)
Age -0.40 | (-0.57 to -0.23) Age -0.08 | (-0.15 to -0.01) Age -0.14 | (-0.20 to -0.09)
Age? 0.03 | (0.02 to 0.04) EPT*Age 0.06 | (0.01t00.11) EPT*Age -0.05 | (-0.09 to -0.02)
Random effects Age? 0.008 | (0.003 to 0.013) | Age? 0.01 | (0.007 to 0.014)
Within-individual Random effects Random effects
EPTSD 3.70 | (3.40t0 4.03) Within-individual SD 1.52 | (1.42 to0 1.63) Within-individual
Term SD 3.47 | (3.07 to 3.94) Between-individual EPT SD 1.14 | (1.05to0 1.23)
Between-individual EPT intercept SD 1.68 | (1.42to0 1.99) Term SD 1.04 | (0.93to 1.16)
EPT intercept SD 5.97 | (5.28 t0 6.76) EPT slope SD 0.12 | (0.09 t0 0.17) Between-individual
EPT slope SD 0.29 | (0.20to0 0.41) EPT corr(intercept, slope) -0.02 | (-0.38 t0 0.34) EPT intercept SD 1.63 | (1.421t0 1.86)
EPT corr(intercept, slope) -0.20 | (-0.46 to 0.09) Term intercept SD 0.98 | (0.65 to 1.48) EPT slope SD 0.10 | (0.08 to 0.14)
Term intercept SD 4.07 | (3.32t04.98) Term slope SD 0.06 | (0.01t00.26) EPT corr(intercept, slope) -0.69 | (-0.80to -0.53)
Term slope SD 0.25 | (0.14 to 0.46) Term corr(intercept, slope) 0.88 | (-1.00 to 1.00) Term intercept SD 0.99 | (0.78 to 1.27)
Term corr(intercept, slope) -0.06 | (-0.51t0 0.41) Term slope SD 0.07 | (0.04 to 0.13)
Term corr(intercept, slope) 0.05 | (-0.52 to0 0.59)

Hyperactivity/Inattention Score (n=444)

Peer Problems

Score (n=443)

Prosocial Behaviour Score (n=443)

Parameter Estimate | 95% CI Parameter Estimate | 95% ClI Parameter Estimate | 95% ClI
Fixed effects Fixed effects Fixed effects
Constant 3.13 | (2.75 to 3.50) Constant 0.95 | (0.75t0 1.15) Constant 8.32 | (8.12t0 8.52)
EPT 2.33 | (1.84t02.83) EPT 1.37 | (1.05to 1.68) EPT -0.79 | (-1.10 to -0.48)
Age -0.18 | (-0.26 to -0.11) Age 0.05 | (0.03 t0 0.07) Age 0.20 | (0.15t0 0.26)
EPT*Age -0.07 | (-0.12 to -0.02) Random effects Age? -0.02 | (-0.02 to -0.01)
Age? 0.01 | (0.01t00.02) Within-individual Random effects
Random effects EPT SD 1.38 | (1.27 to 1.50) Within-individual
Within-individual Term SD 1.17 | (1.03 to0 1.31) EPTSD 1.24 | (1.14 to 1.35)
EPT SD 1.61 | (1.49to 1.75) Between-individual Term SD 1.17 | (1.05to0 1.31)
Term SD 1.32 | (1.18 t0 1.47) EPT intercept SD 1.85 | (1.61t02.12) Between-individual
Between-individual EPT slope SD 0.09 | (0.06 to 0.14) EPT intercept SD 1.97 | (1.74 to 2.24)
Intercept SD 2.14 | (1.93 to 2.37) EPT corr(intercept, slope) -0.12 | (-0.44 t0 0.23) EPT slope SD 0.14 | (0.11t0 0.18)
Slope SD 0.14 | (0.11t0 0.18) Term intercept SD 0.91 | (0.65t01.28) EPT corr(intercept, slope) -0.29 | (-0.49 to -0.06)
Corr(intercept, slope) -0.36 | (-0.52 t0-0.18) Term slope SD 0.07 | (0.04 to 0.15) Term intercept SD 0.85 | (0.61to 1.20)
Term corr(intercept, slope) 0.09 | (-0.64 to 0.73) Term slope SD 0.11 | (0.08 t0 0.17)
Term corr(intercept, slope) -0.38 | (-0.71 to 0.09)
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Figure 8.6: Predicted mean SDQ score and 95% confidence intervals for SDQ Total
Difficulties and subscale scores in the EPT and term-born group
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trajectories and 95% confidence intervals for the fixed portion of the model are displayed in

Figure 8.6.

The fixed part of the model for the Total Difficulties Score is as follows:

Total Difficulties Score = 7.62 + 4.81EPT - 0.40(Age-6) + 0.03(Age-6)?

On average, the scores of EPT participants were 4.81 points above their term-born peers at
age 6 (95% Cl: 3.76 to 5.87, p<0.001); almost one standard deviation above the comparison
group (SD 5.1). Scores in both groups decreased slightly to age 11 when they started
increasing slightly again. For the random part of the model, the estimated within-individual
variation was 3.5 points for classmates and 3.7 points for EPT participants, so the scores of
EPT participants at different time points varied slightly more around their average score than
in term-born participants. The estimated function for between-individual variation in

classmates is given by:¢®

var(Uooj + Ho1jAgei;) = 4.07% - 2 x 0.07(Age-6);; + 0.252(Age-6)?;

and for EPT participants,

var(uloj + ullegeij) =5.972-2x O.34(Age-6)ij + 0.292(Age-6)2ij

These functions are plotted in Figure 8.7 and indicate that the variance in the Total Difficulties
Score between EPT participants was higher than among classmates and increased slightly in

both groups over time. The SD around the mean intercept was lower in classmates (4.07

4 Covariance(intercept, slope) = correlation(intercept, slope) x SD(intercept) x SD(slope)
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versus 5.97 points), as was the SD around the mean slope (0.25 versus 0.29 points). EPT
individuals were at increased risk of having clinically significant overall difficulties compared

to their term-born peers (RR 4.48,95% Cl: 2.82 to 7.11) (Figure 8.5).

8.4.2.2 The SDQ Subscale Scores

Results from the final fitted models are presented in Table 8.8 and model predictions in Figure
8.6. There was a significant difference between the EPT and comparison group for every
subscale at age six, although the difference seen in the Total Difficulties Score was mainly
driven by hyperactivity/inattention (Mean difference: 2.33, 95% Cl: 1.84 to 2.83) and peer
relationship problems (Mean difference: 1.37, 95% Cl: 1.05 to 1.68). Both groups displayed a
similar trajectory for peer relationship problems but there was evidence of a slight decline in
hyperactivity/inattention problems in the EPT group over time. There was evidence of a
different trajectory of emotional symptoms between groups which, although increased in
both groups with age, this was to a greater degree in the EPT individuals. The mean score for
Conduct Problems was marginally elevated in the EPT group and showed a decline relative to
the controls over time, and the mean score for Prosocial Behaviour was slightly depressed
(worse performance) and followed a similar trajectory in both groups. The risk of being
classified in the abnormal range was significantly higher for EPT participants compared to

term-born classmates for every subscale (Figure 8.5).

8.4.2.3 The SDQ Impact Score

The risk of having behavioural problems that have a substantial impact on home life,
friendships, school or work and/or leisure activities was significantly greater for EPT
participants, increasing from 29% (63/222) at 2.5 years to 43% (49/117) at 19 years, compared

to 5% at 2.5 years to 13% at 19 years among classmates (Figure 8.8 and Table 8.9). The risk
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ratio of having an abnormal score of 2 or above in EPT group compared to the term-born

group was 4.28 (95% Cl: 2.89 to 6.35, p<0.001).

Figure 8.7: Predicted between-individual variance function for SDQ Total Difficulties Score
in the EPT and term-born group
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Figure 8.8: SDQ Impact Scores in the EPT and term-born group at age 6, 11, 16 and 19
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Table 8.9: Parent-report SDQ Impact Scores in the EPT and term-born group by age of assessment

Age 6 years Age 11 years Age 16 years Age 19 years
EPT Term EPT Term EPT Term EPT Term
(n=222) (n=148) (n=209) (n=148) (n=134) (n=86) (n=117) (n=55)
Impact Score?:
Mean 1.3 0.3 14 0.3 2.1 0.5 2.1 0.8
(95% confidence interval) (1.0to 1.5) (0.1t00.4) (1.1to 1.7) (0.1t00.6) (1.6t0 2.6) (0.2t00.8) (1.6to0 2.6) (0.2t0 1.3)

Mean difference (95% confidence interval) 1.0(0.6to 1.4) 1.0(0.6to 1.4) 1.6 (0.9to0 2.3)

Abnormal range (2-10), n (%) 63 (28.8) 8 (5.4) 61 (29.5) 10 (6.9) 49 (37.2) 8(9.3)

1.4 (0.6t02.2)

49 (42.6) 7(12.7)

2 Missing data at 6 years: 3 EPT, 11 years: 3 EPT and 2 term-born, 16 years: 8 EPT, 19 years: 2 EPT.
Higher scores indicate more behavioural problems (except for Prosocial Behaviour where a higher score indicates greater sociability).
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8.4.3 Diagnostics and model fit

The standardised level one residuals were approximately Normally distributed (Figure 8.9),
and were fairly randomly scattered when plotted against the predicted scores and age at
assessment. Most of the standardised level one residuals had values <|2| though there were
a handful of outliers. The predicted random intercepts and slopes were also approximately
Normally distributed (Figure 8.10), though the predicted random intercepts in both groups
had a slight positive skew indicating that a greater proportion of participants had higher
predicted intercepts than might be expected in a Normal distribution. The caterpillar plots in
Figure 8.11 rank the level two residual for each child with 95% confidence intervals. Almost
all of the confidence intervals overlapped zero in the predicted random slope plots, but in the
predicted random intercept plots a small group of individuals at the lower and upper end of
the plots (particularly in the EPT group) had confidence intervals for their residuals that did
not overlap zero. Since these residuals represent individual departures from the overall
average intercept predicted by the fixed parameters Boand B1, this means that these are the

individuals that differed significantly from the average at the 5% level.
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Figure 8.9: Standardised level one residual diagnostic plots for SDQ Total Difficulties Score
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Figure 8.11: Caterpillar plots of random intercept and slope predictions and 95% confidence
intervals versus ranking for SDQ Total Difficulties Score

Extremely preterm

&
O
2
& o
B
b
8
@ ©q
E
5
=}
[=1
©
5 0
3
8

il
B AT ]"ﬂ”{lm
i L

229



8.4.4 Stratified analysis of the SDQ Total Difficulties Scores in the EPT and term-born
group by participant sex and maternal education

The mean Total Difficulties Score and 95% confidence intervals at each age for EPT
participants and term-born classmates, stratified by sex and maternal education, are
presented in Table 8.10. Observed and predicted mean trajectories adjusted for sex and
maternal education are displayed in Figure 8.12. The estimated Total Difficulties Scores of
male participants were on average slightly higher in both the EPT and comparison group
(mean difference 1.1, 95% Cl: 0.05 to 2.15, p=0.04) (Table 8.10). The interaction between
participant sex and group was not significant (LRT p=0.62) implying that the impact of sex on
the Total Difficulties Score was similar in both groups. Higher maternal education did not have
significant effect on scores in either group (mean difference -0.83, 95% Cl: -1.92 to 0.26,
p=0.14) (Table 8.11). Neither was there evidence of an interaction between maternal
education and group (LRT p=0.27), suggesting this exerts the same effect on Total Difficulties

Scores in both groups.
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Table 8.10: SDQ Total Difficulties Scores in the EPT and term-born group by age of assessment stratified by sex of participant and maternal

education
Age 6 years Age 11 years Age 16 years Age 19 years
EPT Term EPT Term EPT Term EPT Term
(n=220) (n=146) (n=209) (n=148) (n=134) (n=86) (n=116) (n=55)
Infant sex
Female
No. (%) 109 (49.5) 81 (55.5) 113 (54.1) 86 (58.1) 75 (56.0) 52 (60.5) 62 (53.4) 35 (63.6)
Mean 11.4 7.1 10.4 5.9 10.5 6.2 11.8 6.7
(95% confidence interval) (10.2t0 12.6) (6.0t0 8.2) (9.0t0 11.7) (4.7t07.1) (8.8t012.2) (4.9t07.5) (10.0t0 13.6) (4.8t08.7)
Male
No. (%) 111 (50.5) 65 (44.5) 96 (45.9) 62 (41.9) 59 (44.0) 34 (39.5) 54 (46.6) 20 (36.4)
Mean 13.1 7.9 12.0 6.5 13.7 6.8 12.6 7.0
(95% confidence interval) (11.8 to 14.4) (6.6t09.1) (10.4t0 13.5) (4.9t08.1) (11.8 to 15.5) (4.9t08.7) (10.8to 14.4) (4.4t09.6)
Mean difference (95% Cl) 1.7(-0.04t03.5) 0.8(-09t02.5)  1.6(-04t03.7) 05(-1.4t02.5) 3.2(0.6t057) 0.6(-1.6t02.8) 0.8(-1.8t03.4) 0.3 (-3.0t0 3.5)
Maternal education
Up to O'level (or equivalent)
No. (%) 133 (63.6) 81 (57.9) 127 (63.2) 85 (60.0) 80 (61.1) 46 (56.1) 58 (53.2) 28 (51.9)
Mean 11.9 7.7 11.2 6.7 11.9 7.1 12.4 6.6
(95% confidence interval) (10.8t0 12.9) (6.6t0 8.9) (10.0t0 12.5) (5.4t07.9) (10.2t0 13.5) (5.5t08.7) (10.6t0 14.1) (4.4108.8)
A'level (or equivalent) and above
No. (%) 76 (36.4) 59 (42.1) 74 (36.8) 57 (40.0) 51 (38.9) 36 (43.9) 56 (46.8) 26 (48.1)
Mean 12.2 6.9 10.3 5.1 11.3 5.8 11.5 7.0
(95% confidence interval) (10.7 t0 13.8) (5.7to0 8.1) (8.6t0 12.0) (3.5t0 6.6) (9.2t0 13.4) (4.3t07.3) (9.7 to 13.4) (4.8t09.1)
Mean difference (95% Cl) 0.3(-1.5t02.2) -0.8(-2.6t00.9) -0.9(-3.1t01.2) -1.6(-3.6t00.4) -0.5(-3.2t02.1) -1.3(-3.6t01.0) -0.8(-3.4t01.7) 0.4(-2.8t0 3.6)

Higher scores indicate more behavioural problems.
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Table 8.11: SDQ Total Difficulties Scores in the EPT and term-born group by age of assessment
adjusted for sex of participant and maternal education

Adjusted for sex

Adjusted for maternal

(n=443) education (n=421)
Estimate 95% ClI Estimate  95% Cl
Fixed effects
Constant 7.14 (6.26to 8.03) 7.88 (6.991t0 8.77)
EPT 4.76 (3.70to 5.81) 4.61 (3.54t05.69)
Age -0.40 (-0.57t0-0.22) -0.40 (-0.57 to0-0.22)
Age? 0.03 (0.02to 0.04) 0.03 (0.02to 0.04)
Male 1.10 (0.05to 2.15) - -
Higher maternal education - - -0.83 (-1.92to0 0.26)
Random effects
Level 1 (within-individual)
Term 3.48 (3.07to 3.94) 3.41 (3.00to 3.87)
EPT 3.70 (3.41to04.03) 3.68 (3.38t04.01)
Level 2 (between-individual)
Term intercept SD 4.05 (3.30t04.96) 4.05 (3.30t04.96)
Term slope SD 0.25 (0.14to 0.46) 0.28 (0.16t0 0.47)
Term correlation(intercept, slope) -0.06 (-0.51t0 0.43) -0.07 (-0.49to 0.38)
EPT intercept SD 5.92 (5.23t06.70) 5.93 (5.22t06.73)
EPT slope SD 0.29 (0.20to0 0.41) 0.29 (0.21to0 0.41)
EPT correlation(intercept, slope) -0.20 (-0.45to-0.09) -0.23 (-0.48to0 0.06)
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Figure 8.12: Observed and predicted mean SDQ Total Difficulties Scores plus 95% confidence
intervals in the EPT and term-born classmates stratified by sex and maternal education
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8.4.5 Stratified analysis of SDQ Total Difficulties Scores of EPT participants by gestational
age, neonatal brain injury, behavioural screening score at age 2.5, cognitive and
functional impairment

The mean Total Difficulties Score and 95% confidence intervals at each age for EPT participants,
stratified by GA, brain injury diagnosed in the neonatal period, CBCL score at 2.5 years,
moderate/severe cognitive and functional impairment are presented in Table 8.12. The observed
and predicted mean trajectories adjusted for these factors are displayed Figure 8.13. In the
predicted models (Table 8.13), there was no significant difference in the Total Difficulties Score
between EPT participants with moderate/severe neonatal brain injury and those with no/mild
brain injury diagnosed in the neonatal period (Mean difference 1.44, 95% Cl: -0.47 to 3.35,
p=0.14). The interaction term between neonatal brain injury and age was also not significant (LRT
p=0.33), indicating that the severity of overall behavioural symptoms between those with

none/mild and moderate/severe brain injury was similar over time.

On average, the Total Difficulties Scores of participants born less than 25 weeks of gestation were
1.75 points higher than participants born at 25 weeks (95% Cl: 0.15 to 3.35, p=0.03) but the
interaction between GA and age was not significant (LRT p=0.10) (Table 8.13). A CBCL
classification of clinical behavioural problems (>90th centile) at age 2.5 years was strongly
associated with a higher SDQ Total Difficulties scores from six years onwards, with average scores
6.9 points higher compared to participants with a normal or borderline classification (95% Cl:
5.01 to 8.70, p<0.0.01). However, the interaction term between CBCL classification and age was
not significant (LRT p=0.25), implying that despite scores being persistently different, trajectories

were stable in the normal/borderline and clinical group.
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Participants with moderate/severe cognitive impairment at their last assessment had higher
Total Difficulties Scores compared to participants with mild or no cognitive impairment (Mean
difference 4.27, 95% Cl: 2.76 to 5.77, p<0.001), with trajectories also stable over time in both
groups (LRT for cognitive impairment*age interaction term p=0.12). Results were very similar in
the comparison of participants with moderate/severe functional disability (which is largely driven
by cognitive impairment) at their last assessment compare to participants with mild or no
functional disability (mean difference 4.12, 95% ClI: 2.61 to 5.63, p<0.001), with a non-significant

interaction with age (LRT p=0.15).
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Table 8.12: SDQ Total Difficulties Scores in EPT participants by age of assessment stratified by neonatal brain
behavioural screening score at age 2.5, cognitive impairment and functional disability

injury, gestational age,

Age 6 years Age 11 years Age 16 years Age 19 years
(n=241) (n=219) (n=138) (n=127)
Neonatal brain injury
No/mild brain injury
No. (%) 176 (80.0) 162 (77.9) 108 (80.6) 96 (83.5)

Mean (95% Cl)
Moderate/severe brain injury

No. (%)

Mean (95% Cl)

Mean difference (95% Cl)

Gestational age at delivery
25 weeks
No. (%)
Mean (95% Cl)
<25 weeks
No. (%)
Mean (95% Cl)

Mean difference (95% Cl)

CBCL at age 2.5 years
Normal/borderline
No. (%)

Mean (95% Cl)
Clinical

No. (%)

Mean (95% Cl)

Mean difference (95% Cl)

12.0 (11.1to 13.0)

44.(20.0)
13.2 (11.0 to 15.4)

1.2(-1.0to 3.4)

131 (59.5)
11.6 (10.4 to 12.7)

89 (40.5)
13.3(11.9to 14.7)

1.7 (-0.04 to 3.5)

167 (79.1)
10.7 (9.8 to 11.6)

44.(20.9)
17.9 (16.0 to 19.9)

7.2(5.2t09.2)

10.9 (9.7 to 12.1)

46 (22.1)
11.9 (9.8 to 14.0)

1.0 (-1.5 to 3.5)

122 (58.4)
10.5 (9.1 to 11.8)

87 (41.6)
12.0 (10.5 to 13.6)

1.6 (-0.5 to 3.6)

160 (79.6)
9.3(8.3t010.3)

41 (20.4)
17.0 (14.6 to 19.4)

7.7 (5.4 t0 10.0)

11.4 (10.0 to 12.8)

26 (19.4)
13.9 (10.9 to 17.0)

2.5(-0.7 to 5.8)

76 (56.7)
11.0(9.3t0 12.7)

58 (43.3)
13.1(11.2 to 15.0)

2.1(-0.5t0 4.7)

107 (80.5)
10.6 (9.3 to 11.9)

26 (19.5)
17.4 (14.1t0 20.8)

6.8(3.8t09.9)

12.1(10.7 to 13.4)

19 (16.5)
13.3(9.7 to 16.9)

1.3(-2.2t0 4.7)

69 (59.5)
11.6 (10.0 to 13.2)

47 (40.5)
13.0(10.9 to 15.1)

1.4(-1.2 to 4.0)

93 (82.3)
11.1(9.7 to 12.4)

20 (17.7)
17.0 (14.0 to 20.0)

5.9(2.7t09.1)

Higher scores indicate more behavioural problems. CBCL Child Behaviour checklist.
aFunctional disability was defined as cerebral palsy, cognitive, visual or hearing impairment at last assessment.
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Table 8.12: SDQ Total Difficulties Scores in EPT participants by age of assessment stratified by neonatal brain injury, gestational age,
behavioural screening score at age 2.5, cognitive impairment and functional disability (continued)

Age 6 years Age 11 years Age 16 years Age 19 years
(n=241) (n=219) (n=138) (n=127)
Cognitive impairment
No/mild impairment
No. (%) 117 (53.2) 118 (56.5) 76 (56.7) 63 (54.3)

Mean (95% Cl)
Moderate/severe impairment

No. (%)

Mean (95% Cl)

Mean difference (95% Cl)

Functional disability2
None/mild disability
No. (%)
Mean (95% Cl)
Moderate/severe disabilit13
No. (%)
Mean (95% Cl)

Mean difference (95% Cl)

10.9 (9.7 to 12.1)

103 (46.8)
13.8 (12.5 to 15.0)

2.9(1.1t0 4.6)

113 (51.4)
11.0 (9.8 t0 12.2)

107 (48.6)
13.6 (12.4 to 14.9)

2.6(0.9to 4.4)

9.0(7.8t0 10.3)

91 (43.5)
13.8 (12.3 to 15.3)

4.8(2.8106.8)

114 (54.5)
8.9 (7.6t0 10.2)

95 (45.5)
13.7 (12.2 to0 15.2)

4.8(2.9t06.8)

9.7 (8.3t0 11.2)

58 (43.3)
14.7 (12.7 to 16.8)

5.0 (2.6t0 7.5)

75 (56.0)
9.8 (8.3t011.2)

59 (44.0)
14.6 (12.6 to 16.6)

4.8(2.4t07.3)

10.4 (8.7 to 12.1)

53 (45.7)
14.3 (12.5 to 16.1)

3.9(1.4t06.4)

61 (52.6)
10.3 (8.6 t0 12.1)

55 (47.4)
14.2 (12.5 to 16.0)

3.9(1.4t06.4)

Higher scores indicate more behavioural problems. CBCL Child Behaviour checklist.
aFunctional disability was defined as cerebral palsy, cognitive, visual or hearing impairment at last assessment.
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Table 8.13:: SDQ Total Difficulties Scores in EPT participants by age of assessment adjusted for neonatal brain injury, gestational age, behavioural
screening score at age 2.5, cognitive impairment and functional disability

Adjusted for neonatal

Adjusted for gestational age

Adjusted for CBCL at

Adjusted for cognitive

Adjusted for functional

Parameter brain injury (n=248) (n=249) 2.5 years (n=235) impairment (n=249) disability? (n=249)
Estimate 95% CI Estimate 95% Cl Estimate 95% Cl Estimate 95% Cl
Fixed effects
Constant 12.10 (11.09to 13.12) 11.68 (10.55 to 12.80) 10.84 (8.99to 11.81) 10.37 (9.22to11.51) 10.36 (9.19to 11.52)
Age -0.34 (-0.57t0-0.12) -0.34 (-0.57to0-0.11) -0.37 (-0.60to0 -0.14) -0.33  (-0.55t0-0.10) -0.33  (-0.55t0-0.10)
Age? 0.02 (0.01to0.04) 0.02 (0.01to0.04) 0.03 (0.01to0.04) 0.02 (0.01to0.04) 0.02 (0.01to0.04)
Moderate-severe brain Injury 1.44 (-0.47 to 3.35) - - - - - - - -
Gestational age <25 weeks - - 1.75 (0.15t03.35) - - - - - -
CBCL abnormal at 2.5 years - - - - 6.90 (5.10t08.70) - - - -
Moderate/severe cognitive impairment - - - - - - 4.27 (2.76t05.77) - -
Moderate/severe functional disability - - - - - - - - 412 (2.61t05.63)
Random effects
Level 1 (within-individual) 3.70 (3.40to 4.02) 3.69 (3.40to0 4.02) 3.71 (3.41t04.04) 3.69 (3.39t04.01) 3.69 (3.39t04.01)
Level 2 (between-individual)
Intercept SD 5.95 (5.26t06.74) 591 (5.22t0 6.69) 5.16 (4.48t05.94) 5.71 (5.03to 6.47) 5.72  (5.05 to 6.49)
Slope SD 0.29 (0.20t00.41) 0.29 (0.20t00.41) 0.29 (0.21t00.42) 0.29 (0.20t00.41) 0.29 (0.21t00.41)
Correlation(intercept, slope) -0.21 (-0.46to0 0.08) -0.20 (-0.45to 0.08) -0.17 (-0.45t0 0.15) -0.27 (-0.51to0 0.002) -0.27 (-0.51to 0.007)

CBCL Child Behaviour checklist.

aFunctional disability was defined as cerebral palsy, cognitive, visual or hearing impairment at last assessment.
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Figure 8.13: Observed and predicted mean SDQ Total Difficulties Score plus 95% confidence
intervals in EPT participants stratified by neonatal brain injury, gestational age, behavioural
screening score at age 2.5, cognitive impairment and functional disability
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Figure 8.13: (continued)
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8.5 Complete case analysis of SDQ scores of the EPT and term-born group

All analyses were repeated for the 119 completers (82 EPT and 37 term-born) and the results
are shown in Table 8.14 to Table 8.16 and Figure 8.14 to Figure 8.17. The SDQ Total Difficulties
Score and the four component subscales were slightly lower in the complete case analysis
compared to the analysis including all participants, in both groups, indicating fewer
behavioural problems in those with complete follow-up. The difference in the Total
Difficulties Score changed from 4.81 points (95% Cl: 3.76 to 5.87) to 6.21 (95% Cl: 4.32 to
8.10). All results remained statistically significant, except for the Conduct Problems Score;
difference in means for completers: 0.3 points (95% Cl: -0.21 to 0.80, p=0.25). Participant sex
and maternal education were not significant when added as main effects or as interaction

effects with group to the model for Total Difficulties Score (Table 8.15 and Figure 8.16).

The stratified analysis of the Total Difficulties Scores of EPT participants by GA, neonatal brain
injury, behavioural screening score at age 2.5, cognitive and functional impairment and was
also repeated for complete cases (Table 8.16 and Figure 8.17). Neonatal brain injury remained
non-significant and the effect of GA was no longer significant. CBCL score at 2.5 years
remained strongly associated with the trajectory of the Total Difficulties Score, and cognitive

impairment and functional disability at last assessment remained significant.
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Figure 8.14: Complete case: mean plus 95% confidence intervals for SDQ Total Difficulties
and subscale scores the EPT and term-born group at age 6, 11, 16 and 19
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Table 8.14: Complete case: mixed model analysis of the SDQ Total Difficulties Score and subscales in the EPT and term-born group

SDQ Total Difficulties Score (n=119)

Emotional Symptoms Score (n=119)

Conduct Problems Score (n=119)

Parameter Estimate | 95% ClI Parameter Estimate | 95% ClI Parameter Estimate | 95% ClI
Fixed effects Fixed effects Fixed effects
Constant 6.11 | (4.69 to 7.53) Constant 1.49 | (0.97 to 2.02) Constant 1.58 | (1.10 to 2.06)
EPT 6.21 | (4.32t08.10) EPT 1.39 | (0.77 to 2.00) EPT 0.30 | (-0.21 t0 0.80)
Age -0.45 | (-0.69 to -0.20) Age -0.10 | (-0.21t0 0.003) | Age -0.19 | (-0.26 to -0.11)
Age? 0.03 | (0.02 to 0.05) Age? 0.01 | (0.004 to 0.02) Age? 0.01 | (0.007 to 0.017)
Random effects Random effects Random effects
Within-individual Within-individual Within-individual 1.05 | (0.96 to 1.14)
EPTSD 3.54 | (3.17 t0 3.95) EPTSD 1.58 | (1.42 t0 1.76) Between-individual
Term SD 2.91 | (2.46 to 3.44) Term SD 1.25 | (1.08 to 1.45) Intercept SD 1.51 | (1.27 to 1.81)
Between-individual Between-individual Slope SD 0.10 | (0.08 to 0.14)
EPT intercept SD 6.27 | (5.17 to 7.59) Intercept SD 1.18 | (0.87 to 1.62) Corr(intercept, slope) -0.63 | (-0.77 t0 -0.43)
EPT slope SD 0.29 | (0.19t0 0.43) Slope SD 0.10 | (0.06 to 0.15)
EPT corr(intercept, slope) -0.18 | (-0.51t0 0.19) Corr(intercept, slope) 0.35 | (-0.43 t0 0.83)
Term intercept SD 4.27 | (3.10 to 5.86)
Term slope SD 0.34 | (0.23t0 0.51)
Term corr(intercept, slope) -0.51 | (-0.77 to -0.10)

Hyperactivity/Inattention Score (n=119) Peer Problems Score (n=119) Prosocial Behaviour Score (n=119)
Parameter Estimate | 95% ClI Parameter Estimate | 95% ClI Parameter Estimate | 95% CI
Fixed effects Fixed effects Fixed effects
Constant 2.64 | (1.92 to 3.36) Constant 0.57 | (0.20 to 0.94) Constant 8.28 | (7.91 to 8.65)
EPT 2.54 | (1.74 t0 3.35) EPT 1.75 | (1.18 to 2.32) EPT -0.64 | (-1.17 to-0.11)
Age -0.21 | (-0.32 to-0.11) Age 0.05 | (0.02 to 0.08) Age 0.20 | (0.11t0 0.29)
Age? 0.01 | (0.003 to 0.02) Random effects Age? -0.02 | (-0.02 to -0.01)
Random effects Within-individual Random effects
Within-individual EPT SD 1.22 | (1.09 to 1.36) Within-individual 1.22 | (1.11t0 1.33)
EPTSD 1.58 | (1.42t0 1.77) Term SD 0.96 | (0.82t01.13) Between-individual
Term SD 1.12 | (0.96 to 1.30) Between-individual EPT intercept SD 1.77 | (1.43t02.18)
Between-individual EPT intercept SD 2.15 | (1.77 to 2.60) EPT slope SD 0.13 | (0.10t0 0.18)
Intercept SD 2.20 | (1.85t0 2.62) EPT slope SD 0.10 | (0.07 to 0.15) EPT corr(intercept, slope) -0.05 | (-0.38 t0 0.29)
Slope SD 0.13 | (0.10t0 0.18) EPT corr(intercept, slope) -0.29 | (-0.58 to 0.06) Term intercept SD 0.59 | (0.22 to 1.60)
Corr(intercept, slope) -0.45 | (-0.65 to0 -0.20) Term intercept SD 1.04 | (0.70 to 1.55) Term slope SD 0.09 | (0.05t00.17)
Term slope SD 0.11 | (0.08 t0 0.17) Term corr(intercept, slope) -0.06 | (-0.86 to 0.82)
Term corr(intercept, slope) -0.51 | (-0.79 to -0.05)
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Figure 8.15: Complete case: predicted mean SDQ score and 95% confidence intervals for
SDQ Total Difficulties and subscale scores in the EPT and term-born group
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Table 8.15: Complete case: mixed model analysis of SDQ Total Difficulties Scores in the EPT
and term-born group adjusted for sex and maternal education

Adjusted for sex

Adjusted for maternal

(n=119) education (n=116)
Estimate 95% Ci Estimate  95% Cl
Fixed effects
Constant 5.60 (3.98t07.23) 6.17 (4.461t07.87)
EPT 6.20 (4.31to 8.09) 5.99 (4.12t07.85)
Age -0.45 (-0.69 to -0.20) -0.46 (-0.70to0-0.22)
Age? 0.03 (0.02to 0.05) 0.03 (0.02to 0.05)
Male 1.25 (-0.66t0 3.16) - -
Higher maternal education - - -0.35 (-2.21to 1.51)
Random effects
Level 1 (within-individual)
Term 2.91 (2.46t0 3.45) 2.77 (2.33t03.30)
EPT 3.54 (3.17 to 3.95) 3.48 (3.11to 3.89)
Level 2 (between-individual)
Term intercept SD 4.33 (3.15t05.95) 4.33 (3.17t05.91)
Term slope SD 0.34 (0.23t0 0.51) 0.36 (0.25t0 0.52)
Term correlation(intercept, slope) -0.52 (-0.78t0 0.11) -0.53 (-0.78to0-0.14)
EPT intercept SD 6.17 (5.08 to 7.49) 5.93 (4.87to07.23)
EPT slope SD 0.29 (0.19to0 0.43) 0.29 (0.20to 0.43)
EPT correlation(intercept, slope) -0.18 (-0.51t00.19) -0.18 (-0.51t0 0.19)
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Figure 8.16: Complete case: observed and predicted mean SDQ Total Difficulties Scores plus
95% confidence intervals in the EPT and term-born group stratified by sex and maternal
education
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Table 8.16: Complete case: mixed model analysis of SDQ Total Difficulties Scores in EPT participants adjusted for neonatal

gestational age, behavioural screening score at age 2.5, cognitive impairment and functional disability

brain injury,

Adjusted for neonatal

Adjusted for gestational age

Adjusted for CBCL at

Adjusted for cognitive

Adjusted for functional

Parameter brain injury (n=82) (n=82) 2.5 years (n=82) impairment (n=82) disability? (n=82)
Estimate 95% CI Estimate 95% Cl Estimate 95% Cl Estimate 95% Cl
Fixed effects
Constant 11.74 (10.11to 13.37) 10.77 (8.81to 12.74) 10.40 (9.90to 11.77) 10.22 (8.31t012.12) 10.17 (8.25to0 12.09)
Age -0.007 (-0.10to 0.09) -0.007 (-0.10to 0.09) -0.007 (-0.10to 0.09) -0.007 (-0.10to 0.09) -0.007 (-0.10to 0.09)
Moderate-severe brain Injury 0.06 (-3.65t03.77) - - - - - - - -
Gestational age <25 weeks - - 2.10 (-0.661t0 4.87) - - - - - -
CBCL abnormal at 2.5 years - - - - 8.53 (5.17t011.89) - - - -
Moderate/severe cognitive impairment - - - - - - 3.39 (0.69t06.10) - -
Moderate/severe functional disability - - - - - - - - 3.40 (0.70to06.10)
Random effects
Level 1 (within-individual) 3.51 (3.15t03.91) 3.51 (3.15t03.91) 3.51 (3.15t0 3.90) 3.51 (3.15t03.91) 3.51 (3.15t03.91)
Level 2 (between-individual)
Intercept SD 6.25 (5.16t0 7.57) 6.18 (5.09 to 7.49) 5.23  (4.25t0 6.45) 6.01 (4.95to7.30) 6.00 (4.94t07.29)
Slope SD 0.29 (0.19t00.42) 0.29 (0.19t00.42) 0.29 (0.19to 0.43) 0.29 (0.19t00.42) 0.29 (0.19t00.42)
Correlation(intercept, slope) -0.17 (-0.50to0 0.20) -0.18 (-0.51t00.18) -0.07 (-0.45t00.33) -0.18 (-0.51t00.19) -0.17 (-0.50to0 0.20)

CBCL Child Behaviour checklist.

aFunctional disability was defined as cerebral palsy, cognitive, visual or hearing impairment at last assessment.
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Figure 8.17: Complete case: observed and predicted SDQ Total Difficulties Scores plus 95%
confidence intervals in EPT participants stratified by neonatal brain injury, gestational age,
behavioural screening score at age 2.5, cognitive impairment and functional disability
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Figure 8.17: (continued)
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8.6 Discussion

8.6.1 Main findings

This is the first analysis investigating trajectories of neurobehavioural problems from
childhood to young adulthood in EPT survivors and their term-born counterparts. Consistent
with previous cross-sectional reports,?82324328330 the results show that, overall, EPT
individuals have significantly more neurobehavioural problems than term-born peers at six
years of age and these differences remains stable throughout adolescence and into young
adulthood. In addition the findings suggest that, although on a different level, the trajectories
of overall neurobehavioural problems are similar in both EPT and term-born individuals.
However, the assessment of overall neurobehavioural problems can mask between-group
differences in separable symptom domains, as is demonstrated in the present study. The
higher prevalence of overall problems was driven by the significant excess of emotional
problems, hyperactivity/inattention and peer relationships in the EPT group, which is
consistent with the triad of problems that characterizes the preterm behavioural
phenotype.?>” Moreover, differences in trajectories were found both between symptom

domains and between groups.

8.6.2 Relation to other studies

For hyperactivity/inattention, scores were persistently higher among the EPT individuals but
they decreased slightly over time. The decline in the signs of ADHD with age for both term
born and VLBW individuals has been noted in previous cross-sectional studies which have also
shown that the between-group difference in the prevalence of ADHD declines over time.324330

The findings show that the group difference in the signs of ADHD (SDQ scores) remains similar
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over time but the risk for clinically significant problems in EPT individuals declines from

childhood to young adulthood.

For peer relationship problems, trajectories in SDQ scores were similar between groups with
persistent between-group differences across childhood and adolescence, but an increased risk
of clinically significant problems among EPT individuals over time compared with those born
at term, which peaked at age 16. For emotional problems trajectories were different with a
greater increase in SDQ scores among the EPT participants and an increased risk of clinically
significant problems over time. This may reflect the generally later onset of emotional
problems in adolescence observed in the natural course of these disorders. Generally, the
greater persistence of problems over time in this study compared with other VLBW/ELBW
cohorts?82324330 may also be related to the greater neurodevelopmental immaturity at birth,
higher risk of neonatal brain injury and reduced neurodevelopmental plasticity that is
conferred by birth at extremely low gestations compared with birth at later gestations.
Indeed, moderate/severe cognitive impairment, an index of such factors, accounted for some
of the difference in the overall neurobehavioural problems with those having cognitive

difficulties having persistently greater problems.

EPT participants were also over four times more likely to have neurobehavioural problems
that had a significant detrimental impact on their home life, friendships, and school and leisure
activities compared with their term-born counterparts. Attenuating the risk of
neurobehavioural problems and providing interventions for those with symptoms should
therefore be a key aim of clinical follow-up. A clinical classification of behavioural problems at
2.5 years on the CBCL was found to be strongly associated with an increased risk of

behavioural problems in later childhood. An association between parent-reported early
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childhood behaviour or emotional problems and later psychiatric problems and disorders has
also been shown in this and other EPT cohorts.*!152281 Gjven the stability of neurobehavioural
problems from childhood to young adulthood shown here, and the increasing risk of
emotional and peer problems over time, screening for behavioural and emotional problems
in early childhood would be a valuable strategy for identifying those at risk and for facilitating

the provision of early intervention or support.338339

8.6.3 Strengths and limitations

A major strength of this large dual nation study of EPT survivors is its population-based design;
findings are based on a prospective cohort of all live births in all centres in a geographically
defined region and participants were followed up longitudinally from age 6 to age 19. In
addition, longitudinal statistical analysis techniques were employed to examine the
trajectories of neurobehaviour from early childhood to adulthood, which has many
advantages over cross-sectional analysis techniques that simply compare group averages at
each time point. In common with other longitudinal studies, the number of participants lost
to follow-up increased over time, and was related to markers of social disadvantage and
disability. It is possible therefore that the true extent of neurobehavioural impairment, has
been underestimated particularly at older ages, though there was no evidence of a difference
in CBCL scores at age 2.5 between participants with complete and incomplete data. The
findings were strengthened by the analysis of individuals with complete follow-up which
corroborated the main results, although this subset of participants had a lesser degree of

behavioural difficulties in general compared to all participants.
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8.6.4 Conclusion

Attention and peer relationship problems in individuals born extremely preterm persist into
early adulthood, and emotional problems increase as they enter adolescence. The increased
risk of clinically significant behavioural problems continues to have a substantial impact on
their everyday lives as young adults. A positive behavioural screen in infancy is strongly
associated with early adult outcomes and the introduction of screening into routine clinical

follow-up should be considered, to enable targeted early interventions.
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Chapter 9: Discussion

9.1 Summary of results

Neonatal interventions at extremely low GA are becoming more frequent, leading to an
increasing number of admissions into NICUs. EPT survivors take up a disproportionate amount
of NICU funding and overall costs, and as they grow are more likely to place an additional
burden on health care and education services as well as the human costs to the individuals
themselves and their families. The early identification and management of factors that
mediate long term outcome is necessary to develop, target and evaluate interventions to
promote resilience and help predict developmental course. Many risk factor analyses of
neurodevelopmental impairment in preterm populations have been published, but this vast
literature has not been formally summarised. Furthermore, there is a dearth of studies
reporting longitudinal analysis of neurodevelopmental trajectories from early childhood to
adulthood. The first aim of this thesis was to perform a systematic review of the world
literature over the last two decades, to consolidate the evidence on the prognosis of
neurodevelopmental outcome in children born VPT or with VLBW. The second aim was to
conduct a longitudinal analysis of a cohort of EPT participants followed up into early adulthood
to investigate the trajectories of long term sequelae over time, and to examine the association
of neurodevelopmental course in relation to the predictive factors identified in the systematic

review.
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The systematic review of studies that have published multivariable prediction models for
neurodevelopmental outcome in children born VPT or VLBW aged over 18 months identified
78 eligible articles in the following outcome domains; motor (n=28 articles), cognitive (n=31
studies), behaviour (n=15 studies), vision (n=3 studies), hearing (n=0 studies) and composite
outcome (n=27 studies). The data from these studies were synthesised and resulted in three
separate reviews of risk factors for poor cognitive and language development, CP and motor
impairment, and behavioural problems and psychiatric disorders. The evidence for most risk
factors was mixed or unclear, however some factors emerged as strongly prognostic, and the
influence of these on neurodevelopmental trajectories in the EPICure cohort were
investigated. Firstly, the main findings from the comparative analysis of cognitive and
behavioural trajectories between the EPT and term-born control participants in the EPICure
cohort are summarised. Then the risk factors identified in the systematic review and
incorporated into the longitudinal analyses of the EPICure cohort are discussed. The
difficulties in predicting neurodevelopmental outcome in preterm populations is then

considered, followed by recommendations for future research.

9.1.1 Cognitive and behavioural trajectories in children born EPT compared to term-born
children

In the longitudinal analysis of a dual nation, population-based study, impaired cognitive
function in EPT children persisted into early adulthood with no evidence of substantial 'catch-
up' with term-born peers, or further decline. IQ scores were on average 25 points lower in EPT
individuals, and scores were more variable both within individuals and between individuals in
the EPT group. Factors having a detrimental effect on cognitive function among EPT
participants included male sex, brain injury diagnosed in the neonatal period, lower maternal

education and earlier GA at birth. Overall behavioural difficulties were greater in individuals
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born EPT versus those born at term at every age and trajectories in both groups remain stable
over time. The main differences in behaviour were driven by hyperactivity, inattention and
peer problems, and emotional symptoms in EPT individuals increased as they entered
adolescence. The risk of behavioural problems having a significant impact on home life,
friendships, school or work and/or leisure activities was over four times greater in individuals
born EPT compared to those born at term. A clinical classification of behavioural problems at
age 2.5 using the CBCL was strongly associated with increased risk of behavioural problems in
later childhood and early adulthood, and moderate/severe cognitive impairment in the EPT

group accounted for some but not all of the difference seen in overall behavioural difficulties.

9.1.2 Brain injury diagnosed in the neonatal period and neurodevelopmental outcome

The systematic review of risk factors for CP and motor impairment found strong evidence that
IVH grade 3-4 alone or in combination with PVL was predictive of CP. This is supported by
many large well-conducted studies that have focussed on the association of IVH and PVL with
CP which have reported strong linear trends with grade.?°”-219 However, there was no evidence
in the studies reviewed that brain injury diagnosed in the neonatal period was associated with
general motor impairment in EPT children, with or without major disability. It was not possible
to examine the impact of neonatal brain injury on the trajectories of motor development in
the EPICure study due to the lack of consistency in the outcome measures used to assess
motor function over time. Many studies that have focussed exclusively on the relationship
between neonatal brain injury and later cognitive development have also reported strong
linear trends with grade.207:208:210,255 Thjg relationship was also apparent in the longitudinal
analysis of cognitive trajectories in the EPICure study. Having moderate to severe neonatal

brain injury was found to have an adverse effect on outcome for EPT individuals, who had 1Q
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scores 10 points lower on average compared to EPT individuals with no/mild brain injury.
However, the prognostic value of neonatal brain injury in the multivariable models reported
in the review of risk factors for poor cognitive and language development was mixed. This is
possibly because cognitive and language development are multifactorial, unlike a diagnosis of
CP which is more directly related to focal brain injury, so that when other factors are entered
into a model, the influence of perinatal factors become less pronounced. The unclear findings
may also reflect the heterogeneous selection criteria and methods of dealing with missing
data related to severe disability across the studies. The systematic review of risk factors for
behavioural problems revealed a paucity of good quality studies with long-term follow-up, so
there was a lack of evidence on the prognostic value of neonatal brain injury for behavioural
problems. In the longitudinal analysis of behavioural difficulties in the EPICure cohort,
participants with moderate/severe neonatal brain injury were more likely to experience
difficulties throughout childhood, compared to and those with no/mild brain injury, although

this difference was not statistically significant.

9.1.3 Participant sex and neurodevelopmental outcome

In the systematic review of motor outcomes, male sex was found to be of limited use as a
prognostic factor for CP, but there was fairly strong evidence that it was predictive of later
motor impairment in children free of major disability. Other studies that have focussed solely
on the association of infant sex with motor function in VPT children have reported mixed
findings;%2”-23° however these were not restricted to children free of major disability. In the
review of cognitive outcomes, there was evidence that male sex was a significant predictor of
global cognitive dysfunction and language impairment in VPT/VLBW infants, but after the age

of five years, the impact of male sex diminished. This was not the case in the longitudinal
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analysis of the EPICure cohort where the 1Q scores of EPT males were almost 9 points below
EPT females, persisting across childhood and adolescence; with no significant difference
between males and females in the term-born comparison group. The systematic review of
behavioural problems provided no evidence on whether infant sex was prognostic or not, but
in the longitudinal analysis of the EPICure cohort there was evidence of a small but increased

Total Difficulties Score among both males born EPT and males born at term.

9.1.4 Social disadvantage and neurodevelopmental outcome

The association between level of maternal education and SES and cognitive outcome in both
term and preterm populations has been frequently reported,?®>29%:317 There was evidence that
a lower level of parental education was good predictor of global cognitive dysfunction, both
in early infancy and childhood in the systematic review of cognitive outcomes. Whereas the
impact of perinatal risk factors for cognitive impairment appeared to diminish over time, the
impact of parental education remained influential. Non-white ethnicity, which is a reasonable
proxy for poverty and social disadvantage,?>1?°? was also found to be predictor in infancy.
While the review of behavioural outcomes was inconclusive overall, markers of socio-
economic deprivation were the only factors that appeared to be consistent predictors of
general behavioural problems. In the longitudinal analysis of the EPICure cohort, there was
weak evidence that higher maternal education was marginally beneficial for cognitive
development in both the EPT and term-born comparison group and no evidence that it
improved behavioural outcomes. This may be due to the higher drop-out rate in younger, less
educated mothers, which restricted the educational range included in the analysis, making it
less sensitive to detect a difference. It is also possible that maternal education alone is not a

sufficient marker of social disadvantage.
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9.1.5 Gestational age and neurodevelopmental outcome

GA was found to be of limited use as prognostic factor for either CP or other motor
impairments and for cognitive or language development in the systematic reviews. The lack
of association in these reviews was surprising as the relationship between older GA and lower
prevalence of CP84225226 and higher |Q scores* is well established across the whole spectrum
of GA from 25 to 40 weeks. One explanation is the restriction to cohorts <33 weeks; the
prevalence of CP declines quite steeply after 32 weeks, hence discrimination below this
threshold may become less apparent.??® It also appeared to be a less powerful predictor of
cognitive impairment when restricted to the more preterm subgroups, however this was not
the case in the longitudinal analysis of the EPICure cohort in which the IQ scores of participants
born less than 25 weeks of gestation were more than 4 points lower than participants born at
25 weeks throughout childhood and adolescence. Another possible explanation is that GA is
associated with other critical risk factors so its power as an independent predictive factor may
be reduced due to high correlation with factors that are more strongly causally related to CP
and cognitive delay. So while the impact of GA is clearly evident when its association with
neurodevelopmental outcome is examined in isolation, its predictive power disappears once

other factors are introduced into a multivariable model.

9.1.6 Early behavioural screening and neurodevelopmental outcome

A dearth of studies investigating prognostic factors for psychiatric disorders were identified in
the systematic review, however the few that were reported that poor performance in
behavioural screening questionnaires in infancy or early childhood were predictive of later
disorders. 44119152 This finding is supported by other studies that have examined the predictive

validity of screening tests and the stability of diagnoses over time.281:282 119 |n the longitudinal
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analysis of the EPICure cohort, a CBCL classification of clinical behavioural problems at age 2.5
years was strongly associated with a high SDQ Total Difficulties score from six years onwards
compared to participants with a normal or borderline classification. Thus early screening of
behavioural problems may have some predictive validity and clinical utility in preterm

populations and would enable early interventions for those most likely to benefit.

9.2 Recommendations for future research

The systematic review of 78 published articles reporting multivariable risk factor models for
neurodevelopmental outcome in surviving VPT/VLBW children, revealed some shortcomings
in methodology and reporting that could be improved in future studies, and confirmed that
that there is a paucity of properly designed and well-conducted prognostic modelling studies
in this field. The findings and recommendations of this critical review should be used as a basis
for the design, analysis and reporting of future studies seeking to develop multivariate risk
factor or prognostic models in this population. The use of meta-analysis to determine the
strength of association of the prognostic factors identified in the review; type of neonatal
brain injury, participant sex, parental education and social disadvantage, would also be a

valuable future direction.

There is an urgent need for larger population cohorts with comparison groups followed up
routinely beyond two years as the more subtle outcomes such as impairment of executive
function and fine motor skills cannot be reliably assessed at this age, and the natural course
of some disorders, such as ADHD or ASD, have their onset later in childhood. Future studies
should be adequately powered to study less common conditions in this population and there

should be greater standardisation of outcome and risk factor measurements, particularly the
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use of standard diagnostic evaluations to assess psychiatric disorders. Recruiting controls at
delivery would provide more robust comparative data, and improving methods of follow-up
to reduce the extent of dropout would also merit attention. The use routinely collected follow-
up data, for example data linkage with official statistics on educational attainment collected

by the Department of Education may be a way to overcome this problem.

Future studies should adopt appropriate statistical analytical techniques to analyse
longitudinal outcome data and the impact of risk factors on these trajectories. Further
evaluation of different patterns of neurodevelopmental over time is needed before reliable
prognostic models can be developed in VPT and EPT populations. Additional research is
required to improve the prediction of individual differences, and to identify the
neuropathological differences underlying different developmental trajectories and their

interaction with environmental factors over time.

9.3 Conclusion

The comprehensive systematic review of the world literature over the last two decades to
identify predictive factors for neurodevelopmental outcome in children born VPT or with
VLBW, identified a handful of risk factors that appear to be robust. These include brain injury
diagnosed during the neonatal period, specifically moderate to severe IVH or PVL, male sex,
and markers of social disadvantage such as a lower level of maternal or parental education.
While GA is strongly associated with long-term outcome when modelled alone and across the
entire GA spectrum, its predictive power in cohorts with GA below 32 weeks is limited in
multivariable models which include other important risk factors. There were generally mixed

findings for other major clinical events in the neonatal period such as NEC, BPD, ROP, PH and
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sepsis. The unclear findings for many risk factors could reflect differences in study design,
study population, methodological quality and lack of standardization of measures. Or it could
simply reflect the fact that prognostic modelling in such a heterogeneous population is
challenging and complex, with multiple risk factors acting sequentially over time, and often
the existence of multiple impairments within the same individual. It is possible that different
developmental phenotypes exist, for example in children with multiple impairments, or
children who acquired a neonatal brain injury, and that it is necessary to develop different

prognostic models within particular preterm subgroups.

The main conclusions from the longitudinal analysis of individuals born EPT is that being born
so prematurely appears to place limits on brain plasticity and function which does not recover
over time; with the most vulnerable being males and those who experienced brain injury early
in life. Acute forms of brain injury such as IVH can cause severe damage to the central nervous
system which can lead to CP, but widespread diffuse white matter damage can also have long-
term effects. Loss of tissue and consequent reduction in number of neurons and synapses is
likely to affect how the brain learns and functions. These structural abnormalities may disturb
neurodevelopmental processes and impede the brain from maintaining a normal
developmental trajectory.3?1322 |f EPT participants fail to achieve optimum levels of cognitive
function and are still experiencing behavioural problems once they have reached maturity,
then this will have potentially profound implications for their health and well-being in later

adulthood and old age.3®
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Appendix 1: Published protocol for systematic review of risk factors for
neurodevelopmental outcome in children born very preterm
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Review title and timescale

Review title

Give the working title of the review. This must be in English. Ideally it should state succinctly the interventions or
exposures being reviewed and the associated health or social problem being addressed in the review.

What factors predict the severity of neurodevelopmental outcome in infants born very preterm

Original language title
For reviews in languages other than English, this field should be used to enter the title in the language of the review.
This will be displayed together with the English language title.

Anticipated or actual start date
Give the date when the systematic review commenced, or is expected to commence.
01/01/2013

Anticipated completion date
Give the date by which the review is expected to be completed.
3112/2014

Stage of review at time of this submission

Indicate the stage of progress of the review by ticking the relevant boxes. Reviews that have progressed beyond the
point of completing data extraction at the time of initial registration are not eligible for inclusion in PROSPERO. This
field should be updated when any amendments are made to a published record

The review has not yet started x

Review stage Started Completed
Preliminary searches Yes Yes
Piloting of the study selection process Yes Yes
Formal screening of search results against eligibility criteria Yes Yes
Data extraction No No
Risk of bias (quality) assessment No No
Data analysis No No

Provide any other relevant information about the stage of the review here.

Review team details

Named contact
The named contact acts as the guarantor for the accuracy of the information presented in the register record.
Louise Linsell

Named contact email
Enter the electronic mail address of the named contact.
louise.linsell@npeu.ox.ac.uk

MNamed contact address

Enter the full postal address for the named contact.

National Perinatal Epidemiclogy Unit (NPEU), Richard Doll Building, Old Road Campus, Headington, Oxford, OX3
7LF

Named contact phone number
Enter the telephone number for the named contact, including international dialing code.
01865 617922

Organisational affiliation of the review
Full title of the organisational affiliations for this review, and website address if available. This field may be completed
as 'None’ if the review is not affiliated to any organisation.
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Website address:
hitps://www.npeu.ox.ac.uk/

Review team members and their organisational affiliations
Give the fitle, first name and last name of all members of the team working directly on the review. Give the
organisational affiliations of each member of the review team.

Title First name Last name Affiliation

Ms Louise Linsell National Perinatal Epidemiology Unit (NPEU)

Professor Jenny Kurinczuk National Perinatal Epidemiclogy Unit (NPEU)

Professor Neil Marlow Institute of Women's Health, University
College London

Professor Joan Morris Queen Mary University of London

Dr Reem Malouf National Perinatal Epidemiclogy Unit (NPEU)

Funding sources/sponsors

Give details of the individuals, crganizations, groups or other legal entities who take responsibility for initiating,
managing, sponsoring and/or financing the review. Any unique identification numbers assigned to the review by the
individuals or bodies listed should be included.

National Institute of Health Research (NIHR)

Conflicts of interest

List any conditions that could lead to actual or perceived undue influence on judgements concerning the main topic
investigated in the review.

Are there any actual or potential conflicts of interest?

None known

Collaborators
Give the name, affiliation and role of any individuals or organisations who are working on the review but who are not
listed as review team members.

Title First name Last name Organisation details

Review methods

15

16

17

18

Review question(s)
State the question(s) to be addressed [ review objectives. Please complete a separate box for each question.
What factors predict the severity of neurodevelopmental outcome in infants born very preterm?

Searches

Give details of the sources to be searched, and any restrictions (e.g. language or publication period). The full search
strategy is not required, but may be supplied as a link or attachment.

MEDLINE, EMBASE and PSYCHINFO, all languages and publication date between 1st January 1990 and 26th
March 2013.

URL to search strategy

If you have one, give the link to your search strategy here. Alternatively you can e-mail this to PROSPERO and we
will store and link to it.

http:/iwww.crd.york.ac.uk/PROSPEROFILES/6943_STRATEGY _20140020.pdf

| give permission for this file to be made publicly available
No

Condition or domain being studied

Give a short description of the disease, condition or healthcare domain being studied. This could include health and
wellbeing outcomes.

Surviving infants borm very preterm are at high risk of long term developmental problems, including cerebral palsy,
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20

21

22

23

24

25

26

visual and auditory deficits, impairments in global and executive cognitive function, learning disabilities and
behavioural problems. This risk is inversely related to birth weight and gestational age.

Participants/population

Give summary criteria for the participants or populations being studied by the review. The preferred format includes
details of both inclusion and exclusion criteria.

Study population were born before 33 weeks gestation and/or had birth weight below 1250g.

Intervention(s). exposure(s)
Give full and clear descriptions of the nature of the interventions or the exposures to be reviewed
Multivariable risk prediction of at least one neurodevelopmental outcome assessed after the age of 18 months.

Comparator(s)/contral

Where relevant, give details of the alternatives against which the main subject'topic of the review will be compared
(e.g. another intervention or a non-exposed control group).

Not applicable.

Types of study to be included initially

Give details of the study designs to be included in the review. If there are no restrictions on the types of study design
eligible for inclusion, this should be stated.

Mo restriction.

Context
Give summary details of the setting and other relevant characteristics which help define the inclusion or exclusion
criteria.

Primary outcome(s)

Give the most important outcomes.

To identify risk factors that predict the severity of neurodevelopmental outcome and to assess the strength of
evidence that supports this association.

Give information on timing and effect measures, as appropriate.

Secondary outcomes
List any additional outcomes that will be addressed. If there are no secondary outcomes enter None.
Mone.

Give information on timing and effect measures, as appropriate.

Data extraction, (selection and coding)

Give the procedure for selecting studies for the review and extracting data, including the number of researchers
involved and how discrepancies will be resolved. List the data to be extracted.

Articles identified by the search strategies will be screened on title and abstract by one reviewer for definite
exclusions and duplicates. The full text will be retrdeved for remaining articles and will be screened by the same
reviewer for the following eligibility criteria: 1. Contains original data 2. Study population born after 1st January 1980
3. Study population born before 33 weeks gestation or birth weight below 1250g 4. Study population is not a highly
select group, and results can be applied to the general population of very preterm infants 5. An objective of the paper
is to develop a multivariable risk prediction model (more than 2 variables) for a neurodevelopmental outcome
assessed after the age of 18 months. If the reviewer is unsure of the eligibility of an article, it will be screened
independently by a second reviewer and if a decision cannot be reached it will be referred to the rest of the review
team. For all articles eligible for inclusion, both reviewers will complete a full data extraction form and risk of bias
assessment. The following data will be extracted from each included article: study design, participant setting, centre
selection, study location, year of birth, gestational age, birth weight, age at assessment, selection criteria of study
population, control group recruited, sample size, completeness of data at follow-up, details of outcomes assessed,
number of candidate risk factors assessed, variable selection, treatment of continuous variables, adjustment for
confounders, method of analysis, model assumptions checked, missing data analysis, presentation of multivariable
model, details of risk factors included in final model, strength of association, statistical validation and clinical
validation. The data extraction forms will be cross-validated for discrepancies, and referred to the review team if the
two reviewers cannot reach a resolution.

Page: 3/4

284




UNIVERSITY@\_%?’( INHS|

2 5 o s National Institute for
Centre for Reviews and Dissemination Health Besaarch

27 Risk of bias (quality) assessment
State whether and how risk of bias will be assessed, how the quality of individual studies will be assessed, and
whether and how this will influence the planned synthesis.
The guality of studies will be assessed according to a standardised set of criteria recommended for use in reviews of
prognosis. These criteria were modified slightly using suggested criteria from other sources. These guidelines focus
on six areas of potential bias pertinent to studies of prognosis: study participation, study attrition, prognostic factor
measurement, outcome measurement, confounding measurement and account, and analysis. The Cochrane
Handbook for Systematic Reviews of interventions recognises four sources of potential systematic bias in randomised
and non-randomised comparisons of healthcare interventions, including: selection bias, performance bias, attrition
bias and detection bias. The six areas that will be evaluated in this review encompass the usual four sources of bias
assessed, but have been adapted for use in studies of risk factor analysis or prognosis. Studies will be classified as
acceptable quality if they at least partly satisfy all six areas of potential bias.

28  Strategy for data synthesis
Give the planned general approach to be used, for example whether the data to be used will be aggregate or at the
level of individual participants, and whether a quantitative or narrative (descriptive) synthesis is planned. Where
appropriate a brief outline of analytic approach should be given.
A narrative synthesis is planned, reporting the number and type of risk factors studied for each outcome domain:
moter function, cognitive function, hearing, vision and behavioural/psychiatric. These domains will be further stratified
by age of assessment: 1.5-2 years, 3-5 years, 6-12 years and above 13 years. The number and quality of studies
examining each risk factor will be reported along with the strength and direction of association found. The level of
evidence for each risk factor will be graded as high (multiple studies of acceptable quality), moderate (1 acceptable
quality study and multiple lower quality studies), or low (1 study only or multiple lower quality studies).

29
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Appendix 2: Search strategies for MEDLINE, EMBASE and PsycINFO databases

2d. MEDLINE search

1. exp infant, premature, diseases/ or exp gestational age/ or exp infant, low birth weight/ or exp infant, premature/ or
exp premature birth/

2. exp infant/ or exp child/ or adolescent/ or young adult/

3.1and?2

4. exp animals/ not human/

5.3not4

6. exp psychomotor performance/ or brain damage, chronic/ or brain injury, chronic/ or cerebral palsy/ or nervous system/
or central nervous system/ or neural pathways/ or neurologic manifestations/ or dyskinesias/ or dystonia/ or gait
disorders, neurologic/ or neurobehavioural manifestations/ or memory disorders/ or intellectual disability/ or
psychomotor disorders/ or seizures/ or neuromuscular diseases/ or muscular disorders, atrophic/ or movement disorders/
or dystonic disorders/ or brain/ab, gd, ph [abnormalities, growth & development, Physiology]

7. (((motor or psycho?motor or neur* or mobil* or movement* or physical* or brain) adj3 (develop* or impair* or
disabilit* or disorder? or defect* or disease? or dysfunction* or function* or retard* or sever* or abilit* or assessment?
or skill? or performance? or limitation? or co?ordination* or problem? or difficult* or manifestation? or abnormalit* or
competenc* or capacit*)) or neuro?development* or cerebral palsy or gait or dyspraxia).ti,ab.

8. exp auditory diseases, central/ or hearing disorders/ or hearing loss/ or deafness/ or hearing loss, sensorineural/ or
refractive errors/ or vision disorders/ or blindness/ or retinopathy of prematurity/

9. (((auditory or hearing or vision or visual or sensorineural or sensory or refract*) adj3 (impair* or disabilit* or disorder?
or defect* or dysfunction* or function* or abilit* or assessment? or limitation? or process* or problem? or difficult* or
abnormalit* or capacit*)) or deaf* or blindness or "retinopathy of prematurity").ti,ab.

10. mental processes/ or cognition/ or executive function/ or attention/ or learning/ or memory/ or cognition disorders/
or mild cognitive impairment/ or language/ or language development/ or verbal behaviour/ or language/ or mental
competency/ or intelligence/ or intelligence tests/ or aptitude tests/ or language tests/ or cognition/ or executive function/
11. (((mental* or cogniti* or verbal* or language or intelligen* or learning or memory or spatial*) adj3 (outcome? or
develop* or impair* or disabilit* or disorder? or defect* or dysfunction* or function* or retard* or sever* or abilit* or
aptitude* or quotient® or assessment? or status or skill* or performance? or proficien* or limitation? or process* or
problem* or difficult* or manifestation* or abnormalit* or competenc*)) or phonolog* or recall* or "executive function"
or "word recognition").ti,ab.

12. neurobehavioural manifestations/ or mental disorders diagnosed in childhood/ or exp "attention deficit and disruptive
behaviour disorders"/ or behaviour/ or child behaviour disorders/ or exp child development disorders, pervasive/ or
developmental disabilities/ or learning disorders/ or intellectual disability/ or motor skills disorders/ or anxiety disorders/
or depressive disorder/ or exp child behaviour/ or mental disorders/ or psychological tests/ or neuropsychological tests/

13. (((behavio?r* or neurobehavio?r* or neuropsycholog* or psycholog* or psychiatr* or emotion* or internali* or
externali* or adaptive*) adj3 (outcome? or morbidit* or symptom? or diagnos* or develop* or disorder* or defect* or
dysfunction* or function* or sequelae or sever* or assessment* or status or behavio?r* or skill* or problem* or difficult*
or manifestation* or abnormalit* or health or condit*)) or attention deficit* or depress* or anxiety or autis*).ti,ab.

14. exp education, special/ or achievement/ or educational status/

15. (((education* or academic or read* or writ* or math? or mathematic?) adj3 (outcome? or abilit* or aptitude* or
assess* or skill* or perform* or proficien* or problem? or difficult* or achieve* or attain* or competenc* or status or
develop* or level? or impact* or progress* or capacit*)) or numeracy or literacy or "special educational needs" or "special
needs" or "special education*").ti,ab.

16. health status/ or quality of life/ or "outcome assessment (health care)"/ or child health services/ or ("heath status" or
"quality of life").ti,ab.

17. child development/ or adolescent development/ or disabled persons/ or disabled children/ or hearing impaired
persons/ or mentally disabled persons/ or visually impaired persons/ or morbidity/ or severity of illness index/ or
survivors/

18. (development* adj (impair* or disabilit* or disorder? or defect* or retard* or sever* or assessment? or quotient or
co?ordination* or problem? or difficult* or manifestation? or abnormalit*)).ti,ab.

19. or/6-18

20.5and 19

21. limit 20 to yr="1990-2014"

22. (journal article or review or meta analysis or systematic reviews or technical report).pt. or (meta?analys* or
"systematic review").ti,ab.

23. (addresses or autobiography or bibliography or biography or case reports or clinical conference or comment or
congresses or dictionary or directory or editorial or festschrift or in vitro or interactive tutorial or interview or lectures or
legal cases or legislation or letter or news or newspaper article or overall or patient education handout or periodical index
or portraits or published erratum or "scientific integrity review" or video-audio media).pt.

24. (21 and 22) not 23
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2b. EMBASE search

. exp prematurity/ or exp immaturity/ or exp premature labor/ or exp low birth weight/ or exp gestational age/

. exp child/ or exp infant/ or newborn/ or child development/ or adolescent development/ or adolescent/ or adult$S.mp.
land?2

. exp animals/ not human/

3not4

6. nervous system development/ or developmental coordination disorder/ or mental disease/ or neuromuscular function/
or chronic brain disease/ or cerebral palsy/ or functional disease/ or neurologic disease/ or central nervous system
disease/ or physical disability/ or walking difficulty/ or motor dysfunction/ or gait disorder/ or motor retardation/ or motor
performance/ or psychomotor retardation/ or psychomotor disorder/ or psychomotor development/

7. (((motor or psycho?motor or neur* or mobil* or movement* or physical* or brain) adj3 (develop* or impair* or
disabilit* or disorder? or defect* or disease? or dysfunction* or function* or retard* or sever* or abilit* or assessment?
or skill? or performance? or limitation? or co?ordination* or problem? or difficult* or manifestation? or abnormalit* or
competenc* or capacit*)) or neuro?development® or cerebral palsy or gait or dyspraxia).ti,ab.

8. hearing impairment/ or hearing disorder/ or visual disorder/ or visual impairment/ or retinopathy of prematurity/

9. (((auditory or hearing or vision or visual or sensorineural or sensory or refract*) adj3 (impair* or disabilit* or disorder?
or defect* or dysfunction* or function* or abilit* or assessment? or limitation? or process* or problem? or difficult* or
abnormalit* or capacit*)) or deaf* or blindness or "retinopathy of prematurity").ti,ab.

10. language/ or language development/ or language disability/ or intelligence/ or intelligence quotient/ or intelligence
test/ or cognitive defect/ or learning disorder/ or mental function/ or mental deficiency/ or intellectual impairment/ or
cognition/ or attention/ or executive function/ or learning/ or memory/ or mental capacity/ or mental development/

11. (((mental* or cogniti* or verbal* or language or intelligen* or learning or memory or spatial*) adj3 (outcome? or
develop* or impair* or disabilit* or disorder? or defect* or dysfunction* or function* or retard* or sever* or abilit* or
aptitude* or quotient or assessment? or status or skill* or performance? or proficien* or limitation? or process* or
problem* or difficult* or manifestation* or abnormalit* or competenc*)) or phonolog* or recall* or "executive function"
or "word recognition").ti,ab.

12. psychiatric diagnosis/ or psychological aspect/ or psychologic test/ or psychosocial development/ or attention deficit
disorder/ or child psychiatry/ or child behaviour/ or behaviour/ or anxiety disorder/ or autism/ or behaviour disorder/ or
emotional disorder/ or psychosocial environment/ or hyperactivity/

13. (((behavio?r* or neurobehavio?r* or neuropsycholog* or psycholog* or psychiatr* or emotion* or internali* or
externali* or adaptive*) adj3 (outcome? or morbidit* or symptom? or diagnos* or develop* or disorder* or defect* or
dysfunction* or function* or sequelae or sever* or assessment* or status or behavio?r* or skill* or problem* or difficult*
or manifestation* or abnormalit* or health or condit*)) or attention deficit* or depress* or anxiety or autis*).ti,ab.

14. special education/ or reading/ or educational status/ or ability/ or achievement/ or academic achievement/

15. (((education* or academic or read* or writ* or math? or mathematic?) adj3 (outcome? or abilit* or aptitude* or
assess* or skill* or perform* or proficien* or problem? or difficult* or achieve* or attain* or competenc* or status or
develop* or level? or impact* or progress* or capacit*)) or numeracy or literacy or "special educational needs" or "special
needs" or "special education*").ti,ab.

16. quality of life/ or health status/ or ("heath status" or "quality of life").ti,ab.

17. child development/ or developmental disorder/ or development/ or handicapped child/ or disability/ or disability
severity/ or morbidity/ or newborn morbidity/ or perinatal morbidity/ or survivor/

18. (development* adj (impair* or disabilit* or disorder? or defect* or retard* or sever* or assessment? or quotient or
co?ordination* or problem? or difficult* or manifestation? or abnormalit*)).ti,ab.

19. or/6-18

20.5and 19

21. limit 20 to yr="1990-2014"

22. limit 21 to (meta analysis or "systematic review")

23. (article or report or review).pt. or (meta?analys* or "systematic review").ti,ab.

24. (book or book series or conference abstract or conference paper or conference proceeding or "conference review" or
editorial or erratum or letter or note).pt.

25. (21 and 23) not 24

26.220r 25

A WN P
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2c. PsycINFO search

1. premature birth/ or low birth weight/ or gestation/ or gestational outcomes/ or low birth weight.mp. or prematur*.mp.
or preterm*.mp. or gestation*.mp.

2. exp animals/ not human/

3.1not2

4. limit 3 to (100 childhood or 120 neonatal or 140 infancy or 160 preschool age or 180 school age or 200 adolescence or
320 young adulthood )

5. motor development/ or nervous system disorders/ or central nervous system disorders/ or dyspraxia/ or movement
disorders/ or motor performance/ or motor coordination/ or motor skills/ or physical mobility/ or physically handicapped/
or gait/ or cerebral palsy/ or neurodevelopmental disorders/ or neuromuscular disorders/ or brain development/ or
physical disabilities/ or neural development/

6. (((motor or psycho?motor or neur* or mobil* or movement* or physical* or brain) adj3 (develop* or impair* or
disabilit* or disorder? or defect* or disease? or dysfunction* or function* or retard* or sever* or abilit* or assessment?
or skill? or performance? or limitation? or co?ordination* or problem? or difficult* or manifestation? or abnormalit* or
competenc* or capacit*)) or neuro?development* or cerebral palsy or gait or dyspraxia).ti,ab,id.

7. sensory system disorders/ or hearing disorders/ or vision disorders/ or refraction errors/

8. (((auditory or hearing or vision or visual or sensorineural or sensory or refract*) adj3 (impair* or disabilit* or disorder?
or defect* or dysfunction* or function* or abilit* or assessment? or limitation? or process* or problem? or difficult* or
abnormalit* or capacit*)) or deaf* or blindness or "retinopathy of prematurity").ti,ab,id.

9. cognitive ability/ or cognitive impairment/ or cognition/ or intelligence/ or intelligence quotient/ or intellectual
development disorder/ or attention/ or language/ or language delay/ or language development/ or language disorders/
or intellectual development disorder/ or memory/ or memory disorders/ or learning disabilities/ or learning disorders/ or
executive function/ or spatial memory/ or "recall (learning)"/

10. (((mental* or cogniti* or verbal* or language or intelligen* or learning or memory or spatial*) adj3 (outcome? or
develop* or impair* or disabilit* or disorder? or defect* or dysfunction* or function* or retard* or sever* or abilit* or
aptitude* or quotient or assessment? or status or skill* or performance? or proficien* or limitation? or process* or
problem* or difficult* or manifestation* or abnormalit* or competenc*)) or phonolog* or recall* or "executive function"
or "word recognition").ti,ab,id.

11. emotional development/ or emotional disturbances/ or attention deficit disorder/ or attention deficit disorder with
hyperactivity/ or autism/ or anxiety/ or anxiety disorders/ or behaviour disorders/ or behaviour problems/ or behaviour/
or depression/ or emotional development/ or psychosocial development/ or psychological development/ or externalizing
problems/ or internalizing problems/ or "resilience (psychological)"/ or psychiatric symptoms/ or psychiatric disorders/ or
child psychiatry/ or adaptive behaviour/

12. (((behavio?r* or neurobehavio?r* or neuropsycholog* or psycholog* or psychiatr* or emotion* or internali* or
externali* or adaptive*) adj3 (outcome? or morbidit* or symptom? or diagnos* or develop* or disorder* or defect* or
dysfunction* or function* or sequelae or sever* or assessment* or status or behavio?r* or skill* or problem* or difficult*
or manifestation* or abnormalit* or health or condit*)) or attention deficit* or depress* or anxiety or autis*).ti,ab,id.

13. academic achievement/ or achievement/ or academic aptitude/ or performance/ or ability/ or special education/ or
special needs/ or reading skills/ or reading ability/ or reading development/ or mathematical ability/ or verbal ability/ or
verbal fluency/ or language proficiency/ or school readiness/

14. (((education* or academic or read* or writ* or math? or mathematic?) adj3 (outcome? or abilit* or aptitude* or
assess* or skill* or perform* or proficien* or problem? or difficult* or achieve* or attain* or competenc* or status or
develop* or level? or impact* or progress* or capacit*)) or numeracy or literacy or "special educational needs" or "special
needs" or "special education*").ti,ab,id.

15. quality of life/ or ("heath status" or "quality of life").ti,ab,id.

16. development/ or neonatal development/ or infant development/ or early childhood development/ or childhood
development/ or adolescent development/ or delayed development/ or developmental disabilities/ or morbidity/ or
disorders/ or neonatal disorders/ or disabilities/ or survivors/

17. (development* adj (impair* or disabilit* or disorder? or defect* or retard* or sever* or assessment? or quotient or
co?ordination* or problem? or difficult* or manifestation? or abnormalit*)).ti,ab.

18. or/5-17

19.4and 18

20. limit 19 to yr="1990-2014"

21. limit 20 to (journal article or reviews)

22. (abstract collection or bibliography or chapter or "column/opinion" or "comment/reply" or dissertation or editorial or
encyclopedia entry or "erratum/correction" or letter or obituary or poetry or publication information or reprint or review-
book or review-media or review-software & other).dt.

23. 21 not 22

288



Appendix 3: Data entry forms for data screening and data extraction of articles identified in

the systematic review

3a. Article Eligibility Form completed for the full text screen of n=2,284 articles

Article Eligibility Form

Study ID: (New)
Reviewer initials:
Surname of first author:

Year of publication:

Title of article:

Name of journal:
Volume:
Cohort born 1990 or later:

Contains original data:

Article classification:

Comments:

One objective is outcome prediction or prognostic factor:

Cohort ID:

Date of review:

Page numbers or DOI:

Contains a neurodevelopmental outcome assessed at 18 months of age or later:

Neurodevelopmental outcome associated with at least 1 other factor (not treatment):
Reports results for VPT (=32w or earlier) or VLBW (<1250g or lighter) infants:

Results can be applied to wider population, i.e. not confined to a very select group:

Gl B O] BB EE

Prognostic Factor Data
Extraction Form

Extraction Form

Open Risk of Bias Form

3b. Study data extraction forms completed for the n=78 articles included in the review

Outcome Prediction Data Extraction Form 1

Study ID: Cohort ID:

Study design and population

Study design: E|
Data collection: 99~
Data extraction: 99[~]
Routine dataset/f-up 99~ |
Participant popn: 39~ |
Centre selection: BBE|
Country: 99~ |
Year of recruitment: 9999/ to

Gestational age: EBE|
Birthweight: 99~
Sample size: 99[~]

Age at assessment

Infants 18m-2yrs: DE|
Infants 3-5yrs: DE|
Children 6-12yrs: -]
Adolescents 13-19yrs: o/~
Adults 20+yrs: o/~

9999

83~ |

Next Page

Exclusion criteria

Congenital anomaly/malformation:
Multiples:

Cerebral palsy:

Clinical event:

Describe: 38

Disability status/severity of condition:

Describe: 38
Schooling:
Describe: 38

Other exclusion criteria:

Describe: 88

Comments:

o]
o]
]
o]

o]
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Outcome Prediction Data Extraction Form 2

Study ID: Cohort ID:

Size of sample

Total number of infants born/admitted in study period:

Number of infants alive at discharge (or PMA): 9599
Number excluded due to exclusion criteria: 9993
MNumber of late deaths (after discharge): 9999
MNumber lost to follow-up (excluding late deaths): 9999

Age at assessment:

From: 99| yrs 99 mths To: 99 yrs 99 mths
Response rates

MNumber of infants/children assessed: 9999

Percentage assessed of those alive at assessment (or discharge if NK): 9999

Percentage assessed of those alive at assessment minus exclusions: 9999

Comments:

Outcome Prediction Data Extraction Form 3

= =

Outcomes
Number of outcomes studied for risk: Number of multivariate risk factor models presented: 99
Any composite outcomes: OE| Any cognitive outcomes: OE Any vision outcomes:
Please tick the components: Please tick all that apply: Please tick all that apply:
Moator: of~] General cognition: ol~] Blindness:
Cognitive: of~] 1Q: 0] Other:
Behavior: OE Executive function: DE Describe other: 88
Hearing: OE Language: DE
Vision: OE Academic abilities: OE
Death after discharge: of~] Schooling/SEN: 0~ Any bel-lavioral eutcomes:
— OE Please tick all that apply:
) General:
Any motor outcomes: 0E| Eeaibelother B8 Psychiatric:
Please tick all that apply: ADHD:
General motor: DE| Any hearing outcomes: DE Autism:
Cerebral palsy: 0E| Please tick all that apply: Other.
Dev coord dis: af~] Deafness: o[-] Describe ather: 38
Other: DEl Other: DE
Describe other: 58 Describe other: 88
Comments:

o]
o]

o]
o]
ol
o]
o]
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3c. Model data extraction forms completed for the n=78 articles included in the review

OP MODEL Form 1

‘ENTERStudle:l:l ModelD: | ‘

Add New Model

Model outcome

Other
Categories

Parameterisation
in MV model

Categories used
if categorical

Method of
Outcome category - rement Version if categorical

Reference category

Other reference
category

fx] | oofx] | | | oofa] | ssfn] [e= | |

sifz] 28 \

Describe exact outcome: |99

Treatment of severe group:

If value imputed, describe: (38

If composite, please list separate components

Method of
Measurement

Other
Categories

Describe exact
outcome

Categories used
if categorical

Parameterisation
in MV model

99

Qutcome category Version

if categorical

T
;

|
|

Reference category Other reference

category

.
1

8 8

ookt

%
I
I

m
"
)
oo
i
I

L

Subgroup analysis:

GA/BW subgroup:

0| j 83 il 0| i Other subgroup:

Comments:

OP MODEL Form 2

‘ StudyD: | |

ModelID: [ | ‘

Model building

Number of candidate factors considered at outset:
Rationale given for candidate factors:

Treatment of continuous variables:

Article describes clearly how factors are coded:
Variable selection for multivariable model:
Threshold p-value for initial screening:

Type of statistical model used:

Number of factors entered into multivariable model:
Strategy used to build multivariable model:
Threshold p-value for final screening:

Number of factors in final multivariable model:
MNumber of forced variables in final multivariable model:
Any interactions in final model:

Any non linear terms in final model:

Collinearity mentioned:

Model assumptions and/or fit assessed in final model:

)
[}

If yes, describe rationale: ‘88

If other, describe: 88
List forced variables: ‘33
List interactions: 88
List non linear terms: 88

Comments:
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OP MODEL Form 3

‘Study m: [

ModelID [ | ‘

Missing data in final multivariable model

Discussion of missing data in text:

Comparison of lost to follow-up versus not lost:
Number of infants missing from final model:
Missing data presented for each variable:

Missing data analysis performed:

Validation of final multivariable model

Statistical validation performed:
Internal validation performed:
Temporal validation performed:
External validation performed:
Clinical validation discussed:

Describe clinical validation:

Enter Risk
Factors

Model coefficients reported:

SE or CI for coefficients reported:
P-values or significance levels reported:
Confidence level:

Have risk groups been created?:

Split-sample:
Bootstrapping:
Calibration:
Accuracy:
Discrimination:

Other internal validation:

88

Describe other internal validation:

Comments:

Presentation of final multivariable model

!!!!!

If internal validation has been performed, please tick all that apply:

3d. Risk factor data extraction form completed for the n=78 articles included in the review

OP MODEL 1: Risk Factors

Add New RF

Risk Factor

Select risk factor

‘ENTERSmdyID: | -] Modelt>:| | RiskFactorID:| | ‘

Risk factor category ~ Parameterisation: Describe risk factor:

Enter New
Moadel

OR/RR if logisic,
B coeff otherwise

I 1 R I 1 B I £ )

If continuous or ratio, please complete:

Standard error Lower CI Upper CI Significance

Close and go

Article Eligibility

Comments:

EEEE]

Reference:
Category 1:
Category 2:
Category 3:
Category 4:
Category 5:
Category 6:
Category 7:
Category &

If binary or categorical, please complete:

OR/RR if logisic, o
B coeff otherwise SE of coefficient Lower CI Upper CI

Significance

2 | s%9 | O so% | 9999 s[>
o | 999 | 99 o939 | 9999 %9[x
o2 | I so99 | o9 | 99 | %9fx]
fo2 | I o999 | sog | 999 | o9[x]
% | 999 | 999 so%9 | 9999
o2 | I so99 | o9 | 99 | %9fx]
fo2 | I o999 | sog | 999 | o9[x]
fo2 | I o999 | sog | 999 | o9[x]

292



Appendix 4: Risk of bias assessment guidelines based on the QUIPs tool

Risk of Bias Form (part 1)

Potential bias (circle one)

Items considered for assessment of potential opportunity for bias

Yes response

No response

Study population

The study sample represents the
population of interest on key
characteristics sufficient to limit
potential bias to the results.

Yes | Partly | No | Unsure

= The source population or population of interest is adequately described
for key characteristics and the study setting supports the applicability of
results.

= Eligibility criteria and recruitment are adequately described and the
inclusion/exclusion criteria applied uniformly to all screened for eligibility.
= There is adequate participation in the study by eligible participants, and
was sufficient information given about eligibles who did not participate.

= The baseline characteristics of participants included in the study sample is
adequately described for key characteristics and are representative of the
population of interest.

= Cases and controls drawn from same population and participation rate
similar in both groups.

Prospective cohort of all live births

AND multicentre (3 or more)

AND sample size alive at discharge >200
AND no major exclusions (unless study
focus is infants free of major disability)
AND sufficient information provided about
flow of participants from recruitment to
discharge.

Single centre NICU.

OR sample size alive at
discharge <50

OR major exclusions (unless
focus of study is infants free
of major disability).

Study attrition

Loss to follow-up (from sample to
study population) is not associated
with key characteristics (i.e. the
study data adequately represent
the sample), sufficient to limit
potential bias.

Yes | Partly [ No | Unsure

= Study design was prospective.

= The completeness of follow-up was sufficiently high.

= Attempts to collect information on participants lost to follow-up are
described.

= Reasons on lost to follow-up are provided.

= Participants lost to follow-up are adequately described for key
characteristics.

= There are no important differences between key characteristics and
outcomes in participants who completed follow-up and those who did not.
= |f the risk of bias due to study attrition was moderate or high, measures
taken to address this in the analysis, e.g. multiple imputation.

Number seen at assessment: >80% (up to 5
years) or >70% (over 5 years)

AND reasons lost to follow-up reported with
numbers

AND comparison of lost versus not lost to
follow-up with no important differences if
response rate <90%, OR if important
differences found addressed in the analysis.

Number seen at
assessment:

<65% (up to 5 years) or
<50% (over 5 years).

OR attrition/denominators
not reported.

Prognostic factor measurement

The prognostic factors of interest
are adequately measured in study
participants to sufficiently limit
potential bias.

Yes | Partly | No | Unsure

= Clear definitions of the prognostics factors were provided and
measurements described in sufficient detail to allow replication.

= Prognostic factors measured prior to outcomes occurring.

= Continuous variables are treated appropriately and rationale provided for
cut-off values if analysed as categorical.

= Methods of measurement were accurate, valid, consistent and reliable,
e.g. blinded assessment, validated scales used, not prone to recall bias.

= Adequate proportion of the study sample has complete data for
prognostic factors.

= Appropriate methods were used to account for missing prognostic data in
the analysis.

Data collection is prospective and risk
factors recorded prior to outcome

AND clear definition of risk factors given
AND clear rationale for candidate risk
factors, or a very wide coverage

AND method of measurement a validated
scale or strict diagnostic criteria

AND continuous variables left as cont-
inuous or rational provided for cut-offs
AND number in final model with complete
data on risk factors reported.

Definition of risk factors not
clear

OR use of non-validated
scales

OR diagnostic criteria not
well-defined

OR Inadequate proportion
of those assessed included
in final model.
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Appendix 4: Risk of bias assessment guidelines based on the QUIPs tool (continued)

Risk of Bias Form (part Il)

Potential bias (circle one)

Items considered for assessment of potential opportunity
for bias

Yes response

No response

Outcome measurement

The outcomes of interest are
adequately measured in study
participants to sufficiently limit
potential bias

Yes | Partly | No | Unsure

= Clear definitions of the outcomes of interest were provided,
including duration of follow-up.

= Methods of measurement were accurate, valid, consistent
and reliable, e.g. blinded or objective assessment, validated
scales used, strict diagnostic criteria.

= The method and setting of measurement was the same for
all participants.

Evaluated prospectively

AND comprehensive well-validated test with
suitable norms/reference group or strict
diagnostic/standard published criteria used
AND performed by a small number of qualified
study paediatricians/neurologists (or if
assessed in local centres, all trained according
to central protocol)

AND blinded to previous medical history.

Mark down if:

= General or routine clinical exam with
no protocol/strict diagnostic criteria
with potential for misclassification.

= Short form or brief version of a more
comprehensive test.

= Parent report or assessors not
blinded.

= Reliability across assessors
questionable.

NO if 2 or more of the above.

Confounding measurement and
account

Important potential confounders
are appropriately accounted for,
limiting potential bias with respect

to the prognostic factor of interest.

Yes | Partly [ No | Unsure

= Important potential confounders are accounted for in the
study design or in the analysis.

= All important confounders (including treatments) are
measured.

= Clear definitions of the important confounders measured
are provided.

= Methods of measurement were accurate, valid, consistent
and reliable, e.g. blinded assessment, validated scales used,
not prone to recall bias.

= The method and setting of measurement was the same for
all participants.

= Appropriate methods were used to account for missing
confounder data in the analysis.

List of candidate factors includes: 1)
Gestational age or birth weight, 2) Gender, 3)
Multiple pregnancy, 4) Socio-economic status
or education.

Mark down if:

= One or more of these factors is not
considered (unless multiples are excluded or if
the study cohort very restricted GA/BW
population).

= Population is from an RCT and trial arm is not
adjusted for.

None of these factors are considered
as candidate factors, or if they are
considered, are eliminated without
statistical testing.

Statistical analysis and reporting

The statistical analysis is
appropriate for the design of the
study, limiting potential for
presentation of invalid results.

Yes | Partly | No | Unsure

= There is sufficient presentation of the data to assess the
adequacy of the analysis.

= The strategy for model building was reported and
acceptable.

= The analysis is appropriate for the design of the study.

= There is no selective reporting of results.

= Confidence intervals were provided for estimates of
association.

Statistical model used appropriate for the study
design and type of data

AND a model building strategy used, e.g.
stepwise, forward, backward selection

AND strategy and results clearly reported

AND completeness of reporting of results in
final multivariable model with point estimates
and measures of variance.

Mark down if:

= Statistical model not appropriate.

= No model building strategy, e.g. all
candidates included without screening.
= Unclear reporting of strategy or
results.

= Selective reporting of results.

NO if 2 or more of the above.
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