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Abstract

Cognitive impairments areommonly reported in children born preterm, with
particular diffculties in executive functionsnformation processingnd attention
Yet children that later present withmild to moderateimpairments are typically
missed inearlier standard developmentahssessmentsThe currentlongitudinal
investigation exploresthe development of executive function information
processingand attentioral abilities in very preterm (<32 weeksf gestatior) and
term-born childrenat 3, 6, 12 and 30 months of agegrrected for prematurity
Performanceson established paradignassessinghese cognitive abilities/ere also
comparedto the cognitivecomposite scores ofhe Bayley Scales of Infamind

Toddler Developmentthird edition)at 12 months and 2 yeardf age

Very preterm (n = 50) and tedmorn (n = 81) children were assessed in a
multifaceted battery of beheioural, eyetracking and eventelated potential tasks,
to formulate a detailed understanding of developmental trajectories for executive

functions, idormation processing and attention.

Overall, cohort performances were not differentiated within the first yeand
measures of attention were comparable for both groups over the two years.
However, executive functiorand information processing differencesere observed
within the very preterm childrenduring the second year assessmentsThese
difficulties were independenof global cognitive performan¢@nd variation on the
executive function information processingand attentional measuresvas poorly

reflected in the Bayleyll cognitive scores at 2 years.

In conclusionyery preterm children displaglifficulties predominantlyin executive
function abilities by 2 years of age, independent of global cognitive scores. Longer
term follow-up of this cohort will highlight any links between these early deficits
and later academic and social outcomes, and can aid in the developmeooblef

for earlier identification of adverse cognitive outcomes in very preterm populations.
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Chapter 1 Background

Survival following preterm birth is continually increasing due to advances in
perinatal and neonatal car@VHO, 2012)Tracking the effects of preterm birthn
particular at very low gestationss a focus of much research effoAs gestation at
birth decreases a range of serious impairments affecting motor (cerebral palsy) and
cognitive function become more frequent among survivoAthough these
impairments may be decreasing in frequengoore, Hennessyget al, 2012)
survivors of ery premature birth (<32 weeks gestatignremain at risk of
impairmentsin infancy and preschool ageat later manifest as lower academic
attainment compared to children born at full terfiKerrWilsonet al, 2012) The
prevalence of global cognitive impairmentas measured bylow Intellectual
Quotient (1Q), inaases with decreasing gestati@dulder et al., 2009; KerWilson

et al, 2012) However, academic difficulties observadslithin this populationmay be
compounded byadditional factors contributing to overall performargeavith more
prominent impairments in specificognitive domairs in addition to lower 1Q

(Aylward, 2002; Anderson, 2014)

A particular focuswithin this population is executive functionand nformation
processing(Rose, Hdman and Jankowski, 2009, 201Wulder, Pitchford and
Marlow, 2010, 2011b)Executive functioror EF, is an umbrella term for a set of
effortful cognitive processegesponsible fordirecting focus andgoatsetting
behavious (Diamond, 2006, 2013)The speed ofnformation processing (or IP)
refers to the speedat which the brain functions, both in terms of automatic
responses and effortful mental processing in response to stirBolih areas have
been previously reported as areas of difficultithin preterm populationgJohnson,
2007; Roseet al,, 2008; Mulder, Pitchford and Marlow, 2011Hroblems with EF
become apparent and easily quantifiable at early school age. It is unclear whether
EF dysfunction is not quantifiablentil then or whether current developmental
assessments, made usually at around 2 gedrage, are too insensitive to detect
subtle cognitive difficultiesThe goabf current research i$o improve identification

methodologies, aiding interventions befthe school yearsand helping structure
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the development of those that require the support before it impacts their
education. In order to achieve this, a better understandiagequired regarding
when the stateddelays start to emerge. It is possildpecific impairments in EF and
IP are apparent from birth andalthough likely to be subtle, could be detected if
appropriate methods are identifiedEquallythese delaysnayemerge slowly across

development, making early and accurate identification difficult

This thess seeks to evaluate thedevelopment of e&ecutive functions and
information processing speeds through the first two and a half years ofirfife
children born very preterm, with the focus of identifyingemerging signs of
dysfunction thatare notdetected by that of the current standard developmental

assessments.

1.1 Pretermdevelopment

Infants born very preterm (<32 weekd gestation) require significant and highly
skilled medical interventiosito survive Advances in neonatology and obstetrics in

the last few decades have led to a surge in preterm survival rates and at much
younger gestational ages than ever befaye{ dzy' = a2 Kl & FyR. hQ/ I
Thus developments in neonatal care are proving very succes&iwever, the risk

of severe cognitive, sensory and motor impairments in these infantsretilhins

high (see figure 1) (Moore, Hennessyet al., 2012) Impairments can range from
severe mental and physical disabilities, including Cerebral Palsy (CP), Developmental
Coordination Disorder (DCDJSun and Buys, 2012b)hydroceph&us, and
neurosensory impairments such as blindness and deaf(éssnson, Wolke and
Marlow, 2008) to mild cognitiveimpairment Research to dates yet to identify
biomarkersin infancy that could predict the level of impairment likely to be
observed in a child aa later stage of development. Whether these biomarkers

exist, remains to be seen.
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Figurel-1. Both images aken fromMoore et al., (2012) Impairmentrates in EPICure2 cohort, including infants born before 27 weeks in 2006he left: overall level

of impairment including motor, sensory, gomunication and developmental domaingategorisedby national consensus recommendations at the time of publication.
To the right:functional outcomes according to the Gross Motunction Classification System.



During the final stages ofetal development, the brain is differentiating at its
highest rate, making this an extremely sensitive phase of developr{tdugipi,
2010) seefigure 1:2. Even subtle disturbances of the intrauterine environment,
especially if they occur in thmid second and early third trimestersan lead to
serious impairments later in lif¢Johnson, Wolke and Marlow, 2008; Ishii and
HashimotaTorii, 2015) The brain outcome for very preterm children is related to a
complex amalgam of destructive and developmental influenBegh focal mjuries

and changes to regional developmental trajectories are influenced by both external
and internal factors. Examples of external factors include perinatal infection and
perfusion fluctuations that lead to haemorrhagic and ischaemic injuries. Internal
factors are disturbed by the switch from intrauterine to independent life, causing
alterations to the developing organisation of the brain in terms of differentiation,
migration, myelination and synaptogene$ifolpe, 2009)In a number of cases, it is
likely thatsevere motor and cognitive outcomes are related to the topography of
acquired brain injury(KrageloAMann, 2004) however, biomarkers for specific

cognitive deficits are yet to be determined.
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Figurel-2. Neuronal growth during étal development. Adapted fran (Allen and Kelly, 2015)
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Premature infants do noalways present with focal neurological injuggt can still

later display cognitive, behavioural and/or neuropsychological defBhsittaet al.,
20020 ¢ KSaS RSTAOAGA I NB GSNI¥YSR o0& az2vys$s
of neurological injury, and can thereby be difficult poedict early on(Johnson,
Wolke andMarlow, 2008) Thesehigh prevalencdbw severitydeficits are most
often reported when children reach school aged can sigificantly impact early
learning andnfluencelater school achievements, both acaderally and in a social
context. This putghose that present with theseognitive and neuropsychological
deficitsat a disadvantage ttheir term-born peers in many areggohnson, Wolke

and Marlow, 2008)

Figure 13 illustrates and summariseghe brain regions associated texecutive
functions (EF) the cognitive abilities most closely linked to academic attainment,

and details neuroanatomical differences reported in the preterm literature.
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Brain regionsassociated withEF:

- Dorsolateral prefrontal cortex: the predominant regio
associated to EF. Used toaintain information in mind,
set shifting, planning and problem solvir{glvarez and
Emory, 2006; Diamond, 2013)

- Orbitalfrontal/ventralmedial cortices: responsible fc
socially acceptablebehaviour and linked to emotion.
Therefore linked to inhibition bubften debated as self
regulation oppose to EFRAlvarez and Emory, 200€

Dorsolateral prefrontal i
Diamond, 2013)

cortex

Yz . . .
- \ - Anterior cingulate cortex:

activation has been linked tc
}—\/ selective attention and althougk
not typically considered part of
EF, this ability and therefore thi:
L ) | region has been considered to b
{ essential for EF task completio

Orbitalfrontal N () (Peterson et al, 1999; Alvarez
cortex and Emory, 2006)

Structural difference noted in adult
preterm brain regims and those
associated withEF tasks:

Anteriorcingulate

- Reducedwhite matter volume in COrteX
posterior corpus callosum,
thalamus and fornix in combinatior Ventromedial -~
with reducedgrey mattervolume in prefrontal cortex

temporal gyri have been reportec
to account for 21% of performance
differencesin EFin an ex-preterm
population(Nosartiet al., 2014)

- Reduced activity has been reported in the dorsolateral prefrontal cor
in response to a working memory task inneterm adults thatsuffered
severe neonatal brain injurfKalpakidoet al., 2014)

Figurel-3. The predominant brain regions involekin EF in typically developing populations ard
brief summary of difference reported in brain region functionality in preterm populations

associatedwith EF performance.
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1.1.1 Influence of neonatal factors on cognitive function

Neonatal complications following premature birth agtensive Accounting forhe
numerous complications and possible influences on later development is almost
impossible due to the varying degrees of illnedsring the perinatal period
However, although complex, it is likely a relationship exists between adverse clinical

events andcognitive function later in developmeiftinsellet al., 2015)

Before the age of 5 years, global cognitive performance is comnmoeisurel by

the cognitive composite scoren the currentthird edition of Bayley 8ales of Infant
and ToddleDevelopment(Bayleylll) orpreviously the Mental Developmentndex
from the Bayleyll. After5 years ofage,lQis typically used to define global cognitive
performance. Consistently, correlations are observed between poorer cognitive
outcomes with decreasing gestational a@g@hutta et al, 2002; Johnson, 2007
Orton et al,, 2015; Johnson and Marlow, 201&) infancy male sex lower birth
weight, norwhite ethnicity and parental educatiofor social economic status/SES)
all have beenshown to be strong predictors of poorgtobal cognitiveoutcomes.
However, apart from parental education, these prognostic effects appéar
diminish in later childhoodLinsellet al, 2015) The effect of SES on cognitive
outcome continues to be reported ithe adult literature, above other biological
factors(Tideman, 2000; Hack, 200@)thoughthe health ofex-preterm adults can

be effected by the complicationassociated to early life experiengehere is no
evidence to suggest the perinatal complications consistently influence outcomes

beyond that of gestation age at birth and known brain injur{®arlow, 2004)

Reports ofspecificneonatal isk factors associatedith deficitsin EFare mixed. A
meta-analysis by Linsedit al., (2015)identified 7 studies investigatingrognostic
factors for EF deficits in preternoleorts born after 1990 with a wide variety of
tests used to assess .EFhe inconsistencies of measures usedmbined with the
small number of studieslentified, rendered it difficultto meaningfully combine the
resultsto ascertain the predominarfactors associate witlEFimpairments in early
childhood (Linsellet al., 2015) More definitive correlions have been reported in
the MRbased studiegHoward, K., Anderson, P. J., & Taylor, 2008; Voléhat,
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2017) Diffuse white matter abnormalitiesdentified within the neonatal period
correlate withoverall IQ performance and speciiand attentionaldeficitswithin
preterm populationgVollmeret al, 2017) White mattertracts such as the fronto
striatal pathway, connecting the frontal lobe to the basal ganglend fronto
occipital pathway, connging the frontal lobe and visual corteXjave been
identified astwo of many long association fibre trac&sriskwithin this population
These alterations invhite matter tract integrity appear tobe present even in the
absence of major focal brain imp (Li et al, 2015; Vollimeret al, 2017)
Conventional radialgical images do not identify such problems, and computational
MRI techniques are not ed in clinical practice to date(Duffau, 2014) These
alterations are not immediately apparent yet are likely to have functional

implications(Vollmeret al.,, 2017)

Although difficult to translate to human observationsiimal studies have observed
functional outcomes to be predominantly affectedaf injury to the brain, such as
hypoxa, occurs during neuronal migratiqiolbet al., 2013) Very preterm delivery
occurs during the developmental stage of neuronal migratfigure 1-2). Poor
oxygenation of the brain during thgreterm birth is a common occurrence and has
been associated to specifiteficits within the EF subkill, working memory(Taylor

et al, 2004) These sukskills and associated deficits will be discussed in greater
detail in subsequent sectiondn a more recent investigation into Apnoea of
Prematurity (AOP), intermittent hypoxia used to model AOP, had a neuroprotective
effect in rodents with brain lesions and in response to behavioural stressors
(Bouslameet al,, 2015) This highlights the inconsistencies within the literature and

the need for further research.

In the current thesis,very severe brain injuries werexcluded. Monatal
complications will be summarised, however, they will not be taking into
consideration within themain studyanalyses relating to cognitive perfoamce
giventhe mixed reports withinthe literature. The factors considered to be most

influential of later outcome in the early years and therefore will be considered
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within all analyses are SES as defined byltidex of Multiple Deprivation quintile

(a nationally available score related to postcqi#EU, 2013and male sex.

1.1.2 Cognitive impairments and later academic achievements in children born

preterm

Global ognitive impairment in the early yearss defined bylow scores on
cognitive scalesn measures such as the Bayldlyis a commonihding following
preterm birth (for reviewsee(Anderson and Doyle, 2008)his impactdearning in

early school years and into middle childhgsgeFigure 14.

Expreterm children can present with a wideange of developmental problems
including; speech and language delay; impaired attentional abilities; working
memory impairments; reduced processing speeds and later specific difficulties in
academic areas such as reading and mathemailicknson, Hennessgt al., 2009;
Woodwardet al., 2009) Difficulties can range fronmild through to severeand are

not consistent across preterm cohoyi proportion of childrerdo not presentwith

any notabé difficulties. The problem that faceslinical professionalds the
sensitivity and predictive validity of the developmental assessmasesl to identify
these difficulties. e Bayleylll (Bayley, 2006js the current standardassessment
tool in the UKto determine the achievement oflevelopmental milestone the
early years Significantcognitive impairmats are detected by score® standard
deviations (SDpelow the meanon measures such as the Bayldyand are often
found to be predictive of later learning and cognitive difficulti¢dowever, those
with milder impairments are often missed in the initial develmgntal assessments
(Aylward, 2002; Hackt al., 2005) A discernible pattern to pdict those that will

and those that will nopresent with cognitive impairments later in life yet to be

uncovered.
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Figurel-4. Continuum of special needs by gedional age at birth by Mackay2010)

Academic attainment in middle childhood, specificallyeading and maths, appear
to be areas of greatest difficullyompared to other academic abilitied significant
proportion of ex-preterm children require additional educational supparfFigure 1
4 (Bull and Johnston, 1997; Bowen, Gibson and Hand, 2002; Johnson, Heehessy,
al., 2009; Odd, Evans and Emond, 2013w IQ scores influene academic
achievement in middle childhooidr expreterm populationswith these difficulties
persising into adulthood (Nosartiet al., 2007; Breemaret al., 2015; Burnetet al.,
2015; Eryig®Madzwamuse and Wolke, 2015; Johnson and Marlow, 2016)
However,low IQdoes notappear toaccount forall difficultiesobserved Those with
less severempairments althoughscoringin the low average range for I@ppear
to have problems relatip to specific functions, namelyisuatperceptual/motor
abilities, attention, reading, writing, spelling and mathematical skilglward,
2002) The neuropsychological functions reportbéére utilise a set of cognitive
abilities termed Executive Functian(EF).EF is commonly considered ambrella
term encompassing multiplsub skillsgssential for problensolving and cognitive
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regulation, asessment®f which have been found to account for the variability in
academic attainment in healthy control cohortBlair and Razza, 2007; Bull, Espy
and Webe, 2008; Mulder, Pitchford and Marlow, 201@oo0r performance in EF
assessments in preterm populatisrcompared to term born peers following
adjustment for 1Qare repeatedly found(Espyet al, 2002; Bohm, Smedler and
Forssberg, 2004; Aarnoud$éoens, Smidtset al, 2009; Mulderet al,, 2009; Sun
and Buys, 2012aEFsub-domainstypically include inhibition, working memory, and
cognitive flexibility However, someauthorsconsider these processes lioked with
anunderlying mechanism and therefore view EF as a unitary corfbéipakeet al,,
2000)

Mathematical abilities appear to be a particular areé difficulty in preterm
children independent of the lower global cognitive scor@®hnson, Hennessgt

al., 2009) In line wth this, studies showneterm childrenare more likely to fail age
appropriate maths questions than their term born peggdter adjustment for
general cognitive abilitySimmset al,, 2013) These childrerare reported to find
more complex, simultaneous mathematical problems more difficult to those that
are sequential in structure, implyingpeir difficulties are associate@ith specific
cognitive functions involved in complex mathematical processing. W@ rkiemory,
perceptual and attentional problems, and visapatial inabilities are all speculated

to contribute to these difficultiegMarlow, 2004; Johnson, Hennessyal., 2009)

This isin contrastto the reading and spelling difficulties in which deley®
accountedfor by gereral cognitive abilityfJohnson et al., 2009 he processs of

learning to read, write and solve mathematical problems require the acquisition of

simple skills, such as letter and number recognition, before cemgkills, such as

reading and addition, can be achieved. It is speculated that crystallized knowledge,
information that is gleamed from past experiences, forms the basis aethienple

skills. Howevein order to acquire this knowledgét has been arguwk a biolaical

basisis involved in learningEF abilitiesspecifically working memory performance,
influencethe acquisition of new informatioand dictatel OKA f RQa OI LJ OA

Mathematical abilities appear to be particularly dependent upeorking memory
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performance A predictive relationship has been frequently reported between
working memory abilitiesand early mathematicalscaes in typically developing
cohorts (Gathercoleet al, 2004) Givensuchreports, it is perhaps unsurprising to
observe difficulties within theworking memorydomain in preterm populations
correlating to performancein mathematicalassessmentgMulder, Pitchford and
Marlow, 2010)

Thenature ofmathematical difficulties observed in this populatimunderstood to

be different to that of development dgslculia (Simns et al, 2015)
Developmental dyscalculia is a condition whereby an individual has specific
numerical difficulties related to the approximate number system, a system that
handles quantity information, both in terms of representation and manipulation, i
order to achieve mathematical problemn{®e Smedtet al, 2013; Simmst al,
2015) Within preterm populationsmore complex calculationappear to be the
most prominent difficulty andt is thought deficits irvorking memorymay explain
this, not the way the braircharacterisesiumerical presentations. However, it is not
clear why mathematics is an area of particular difficulty within this population, and
literacy skills are spareflsaacset al, 2001) Current research suggests a possible
explanation for these difficultiefes inthe reducedgrey mattervolume reported
within the intraparietal sulcus (IPShh preterm populations with numerida
difficulties (Isaacset al., 2001) a region commonly associated mumber processing
and calculationability (Kleinet al, 2014) This research corl&eswith other studies
reporting grey matterreductionswithin this region of the brairand associatedEF

difficulties, sedrigure 13 (Kalpakidotet al., 2014; Nosartet al,, 2014)

The most consistent domainfund to account for academic difficulties, aride
strongest predictors of academic attainment, are speed of processing and working
memory abiliies (Rose and Feldman, 1996; Rose, Feldman and Jankowski, 2002;
Mulder, Pitchford and Marlow, 2010)Commonly these two domainsare
considered tobe linked processing speed may mediaid performanc¢Rose and
Feldman, 1996; Bull and Johnston, 1997; Rose, Feldman and Jankowski, 2002, 2009,
Mulder, Pitchford and Marlow, 2010, 20118)he study by Mulderet al. (2010),
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found a global defit in processing speed the likely explanation of some of the
difficulties in academic attainmenbbserved within their study{Mulder, Pitchford
and Marlow, 2010) However, this group alseeported working memory abilities

were independently predictive of later academic achievements.

Bull and Johrien (1997) proposed that mathematical difficulties are likely to be
explaired by information processing speed. Two theories were put forward by this
group; firstly, reduced speed of processing could reflect the way the brain processes
information as a whole and therefore the speed of completion of mathematical
problems is therebyreduced Aternatively, recall of basic information within
crystallised knowledge and failure to automate simple mathematical operations
could also explain performance difficulties within these childf@uall and Johnston,
1997)

The inclusion ofprocessing speed, specifically verbal processamy] working
memory in a predictive model of academic outcome, the same amount of variance
was accounted foas full scale I@Vulder, Pitchford and Marlow, 2010pue to the
relationship between working memory and processing speeds in determining
academic attainment, it would be valuable to study longitudinélbm the early

years to investigate how early these functigaredict later capabilities.

When exploring EF abilities in the early years, it is valuable to consider when the
construct is evaluable in terms of firemergence, the differentiation and the
trajectory of the constructthrough childhood The literature iglivided on the topic

of EF and its developmental trajectory, and in order to make predictions about later
functioning based on specific aspects of this construct, it is important to consider
the likelihood of targeting such domains when they are in ti@ancy.Sectionl.2

explores the multiple theories surrounding EF.

1.1.3 Currentclinicalpractice

Due to the recognised risk associated with preterm birth, several strategies are in

place to evaluate outcomes in very preterm childrgdallioinenet al., 2017; NICE,
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2017) Before the release of the updated NICE guidelime8ugust 2017standard
practice inthe UK following preterm birttof before 32 weeks gestatiorequired
infants to be followed up at 4 time points after discharge from hospital; at 3, 6, 12
and 24 months of ageThe most recenguidelines include aadditional followup
within the fourth year (NICE, 2017The most fregently used standardised
assessment in preterm followp clinicsin the first two years after discharge the
Bayleyscales of Infantand Toddler Development (current version, edition III)
(Bayley, 2006) These followmups are recommended to all clinics, however,
variations in practical and economic allowances across differérospital trusts
may mean assessments such as these are not always perforifradkng the
developmentof these childrenn this crucialand the nature of these assessment
should work in theory, buthis does not always translate into clinical practice.
Multiple hourlong assessments are expensive and require -siglictured
comprehensive followip servies. The difficulties in implementing these practices
suggest a need to address the ease of follgwvin this population, potentially

calling for faster and more efficient methods of assessment

In addition to these clinical implications,amy studies haveeviewed the current
edition of the Bayleyfollowing concerns regarding the sensitivity and predictive
validity of the tool(Milne, McDonald and Comino, 2012; Aylward, 2013; Spettle
al., 2013; Johnson, Moore and Marlow, 2014; Mansson and Stjernqgvist, 2014;
SpenceiSmith et al, 2015; Anderson and Burnett, 2017)The overwhelming
conclusionof the majority of these studiefinds the current editiomnot sensitive
enoughto detect children with mild cognitive ipairments. Although not originally
designed to predict IQhe Bayleylll is commonly reportedo under-identify those
likely to later present with cognitive impairmentsand exhibitsparticular difficulty

in recognisinghose that fall within the mild impairment range that are likely to
require additional assistance before stag school(Anderson and Burnett, 2017)
Prior to the Bayleyll, the Bayleyyl was the most frequently used infant
developmental assessment and yielded much professional confidgdet@son and
Marlow, 2006) Upon an update to the test, the 1&andardisation procedure used

different reference population strategies, including seeding the population with
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poorly performing groups. Final scores wdoeind to be 7 ponts higher than
Bayleyll according to the publishe(Bayley, 2006; Moore, Johnsoet, al., 2012)
Thislower sensitivity at lower scores and a nhbmear relationship with theBayley
[l brings challenges when targeting the detection of mild impairmeaisten preterm
cohorts(Moore, Johnsoret al., 2012) The proposition from a number of studi¢s
overcome this insensitivity in the first instandsgo use Istandarddeviation below
the norm, or to formulate a local control referender the purposes of research
(Marlow, 2013; Spence®mithet al,, 2015)

Assessments at 2 years of age also show poor prediwvalidity of cognitive
performance at 5(Potharstet al, 2012) Development of better measures is
therefore essential before successful interventions can be put in place that work to
improve later outcomes. This emphasizes the importance of obtaining a greater
understanding of the domains that underpin the cogratideficits later obserg

and the subsequent need to identifyhe development profile and trajectory of
specific domainsThis will allowthe necessary predictianto be maderegarding
which infants may benefit from intervention services.More broadly early
interventions have shown to have advantageous effects on the developmental
profile within infancy and leading on to improved cognitive performance at
preschool ageincluding in preterm population&Spittleet al., 2007; Haddera\lgra,
2011) However, evidence is limitetthat interventions significantly improve longer
term cognitive performances within gxeterm children, supporting the

requirement ofmore extensive researdspittleet al., 2007)

A key factor to considan the assessment of prematumhorts is the adjustment

for age at birth. Accounting for prematurity in developmental assessments has been
a long running dicussion within the literature. The disagreements stem from two
viewpoints: the biological opinion and the environmental opinion. The biological
perspective states developmertakes a set time fromconception Originally
proposed by Gesell and Amatruda 419 (for review seéWilson and Cradock,
2004) they stated development was dictated by time itself and was not influenced

by external factors. As such, a preterm child would lag behind a term born child on a
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developmental basis, at least initially, due to the underdeveloped central nervous
system. Once the nervous system was fully developed the opinion within the
f AGSNY GdzNB SYLX 28SR (KS O2yOSLIi GKI G
preterm child would meethe developmental stage of a term born within the first
few yearsafter birth. On the contrary, the environmental perspective suggests that
development is primarily driven by external influences and #éxposureto the
outside world, with factors such asedical care and parental stimulation, advances
and aids developmeniVilson and Cradock, 2004 support of this is the research
into the benefits of highersocial economic statueffects on developmental
achievement(Tideman, 2000; Hack, 2006)h any regard, the set clinical practice
following pretermbirth is toutilise correction for gestational agesproportionately
using a biological basithe assessment at chrormjical age puts preterm children

at a disadvantage, and this disadvantage increases with lower gestational age
(WilsonChinget al., 2014) Therefore in the current investigaticaadjusted ages will

be utilised.

1.2 Development of Executive function

Executive function, executive or cognitive cont(Bliamond, 2006)as discussed,
are terms used to encompass a number of cognitive abilities. Multiple attempts
KIS o6SSy YIRS G2 OtSINIé& RSFTAYS GKS
described by Bohnet al. (2004) these various different explanations clearly
demonstrates the complexity of the systemhelgeneral onsensus is ERsclude

our ability to plan, inhibit behaviours, shift between taskse and understand
verbal and norverbal communication,sustain and manipulate inforation within

our working memoryand in some instances, our attentional abilities.e$é are
often condensednto three main areascognitive flexibity, working memoryand
inhibition (Diamond, 2013)The purpose of these domains are to work together to
in order to achieve a personal or social gfdhm, Smedler and Forssberg, 2004;
Mulder et al., 2009) This three part model isupported bystudies inpre-adolescent

children and adult However, Miyake and colleagues have recently proposed a new
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framework that includes an additional common EF factor, considered to account for

the similarities that overlap the three factor mod@lliyake and Friedman, 2012)

There areseveral theories regarding the development ofEF Some prschool
children are described as having executive dysfunction due to the lack of control
over theseabilities within the early years. Exactly when and how these different
domains come into play is still a matter of debdtsquith et al, 2005) Multiple
models have been gdorward to explain the emergence of these abilities, three of

most the predominant modelare briefly discussed and summarisedrigure 15.

Miyakeet al., (2000) built a model around the focus of the integlatability and the
independent nature of the three main EFs; cognitive flexibilitgrking memory
andA Y KAOAGAZ2Y ® We KS dzy Adérived froph RheirRése@aBimi A G &
2000, concludedhat there is bothunity and diversy within the EF domains, witi
possible tomeasure eaclas separate entities, but all correlate terms of overall
function. When investigatingraditional paradigms in relation to their model,
Miyake and colleagues results suggested that each EF domain contributed
differently to the performance on each task, reaffirming the consideration of each
as distinct functionsvith underlying commonalityMiyakeet al., 2000) Following
additional research, the grquwent on to further develop this model, delving
deeper into the unity that connects the three sgkills. Thised to the group
proposing an additional factor within the model, termed common EF, and refers to
the cognitive underpinnings consistent acrodbe three domains whilst
simultaneously considering what makes each domain unigif@en using this
model including theunity across measures, flexibility and updating (working
memory) all appeared independent factors and explained differences in inbibiti
(Figure 15). The authors drew three further conclusionswhen considering
variability in EF Firstly that genetic variationsmay contribute to the overall
functioning of thesub-domains secondly thatindividual variabilitymay relate to

WOt AYyAD2OX 80 1 fyfRe A Y LaadWyidxtghsion dh&réfdreZefietibgNE Q
the performance on EF tasksand lastly that variability also presentwith

developmental stability (Miyake and Friedman, 2012)The final point is
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fundamental in reltion to the current thesis. Bhough their work focused around
the compositon of EF in adult populationshe changes imelationship across the
different domains remained consistent over longitudinal measureanyauthors
subscribe to the view that childhooBFis a unitary concept(Wiebe, Espy and
Charak, 2008; Hughext al., 2010)as developmental studginto the three factor
view have producednixed resultgLehtoet al., 2003; Huizinga, Dolan and van der

Molen, 2006; Howard, Okely and Ellis, 2015)

Reportsof differentiation in performanceacrossEF sukskillshave been observed in
the early year studief_ehtoet al., 2003; Huizinga, Dolan and van der Molen, 2006)
However, the interpretation of this differentiation and the extent of each sskills
contribution to the overall construct is not consiste(tioward, Okely and Ellis,
2015) The predominant finding and he most consistentinterpretation
independent ofEF tas& administered suggests the unified concefitest fits EF
performance in the early years artifferentiatesin later childhood (Tsujimoto,
Kuwajima and Sawaguchi, 2007; Wiebe, Espy and Charak, 2008; idtighe2010;
Brydgest al,, 2014)

Aspects of the Miyakenodel resonatewith the EF modeput forward by Anderson
in 2002 The proposition in this modak EF performancés conditional on selective
attentional processesThishierarchicalview of EFsuggests a gradual development
of the other EF sukskils. h this model Anderson consideredhe following
composition as EFcognitive flexibility, goal sdtig and information processing.
Within this model all suskills developindependentlyand combine over time,
finally presenting as overall executiventml or EF(Anderson, 2002)Anderson
concludedthat the different executive domas0 2 Y S-f W ¢ @ifterent foints in
development: attentional control appearsbetween 9 and 12 months, cognitive
flexibility and goal setting behavioueg 3 to 4 yearsand information processing
speed only shows measurable improvements in later childhoatthough it is
measureable in infancfAnderson, 2002)Not typically considered a sudkill to EF,
the inclusion of information processing in this constrwets justified due to strong

correlation between EF abilities and speed of responsenatgfiperformances. By
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including the neural integrity of the circuits involvedspeed of performance is
accounted for within the modelAnderson, 2002)Both models poposed by
Anderson and Miyake consider the sskillsof EF to beinter-related. Although
Anderson proposes a hierarchical emergence of these abilities, the continuity of an
underlying relationship between the EF sdbmains is clear in the twtheories
(Miyakeet al., 2000; Anderson, 2002)

An alternative widely accepted model of EF wégred by Barkley(Barkley, 1997,
2001) Barkley waghe first to propose a hierarchical, evolutionary based model for
the development of EF throughout the early years, with a focus on the development
of inhibitory abilities in the first instancéBarkley, 1997) Barkley statesthat
inhibitory abilities are an essential part of EFs as they predominantly determine self
directed behaviours; without inhibition, seffirected decisions and goals are not
possible as prepotent responseterfere with the control. It is proposed thahée
development starts with simple motor inhibitipproceeding to aspects of working
memory, internal thoughts flexible thinking and planning.Subsequently
developmental advancementduring childhoodcreates goatlirected behaviour,
impulse control becom& more refined and complex attentional skills develop
(Barkley, 199, 2001)

Opinionscontinue to differon the truelikely representation of EF staiure within
the developmental pathwayss better understanding of how the EF suldomains
emerge improvementsin the detection of early signs of dysfunctiomould be
anticipated (Isquith et al, 2005) Garonet al. (2008) reviewed the unitary and
differentiated models inregardsto the developmental literature, concluding that
before 3 years of age, basEF abilities are emerging, bomce beyond this age
crucialintegration and coordinatiomf the cognitive processesccurs advancing EF
performance If consideringthis in the context of the preterm literatureyhilst
mindful of findings suggestive afomain specific difficulties within this population
later in life it remains to be seen whether it possible to detect early EF difficulties
emerging before 3 yeargrespectiveof the structure of EF abilities these early

years.
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The review in thedllowing sections will provide further insight into what is known
about emergence of EF in both typically developing and preterm populations
before revisiting and reviewing the three models in relation to the preterm

literature.
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Figurel-5. Schematic representation of three EF models commonly referred to within developmental literature.

/" Shifting/ Cognitive
“ Flexibility ‘*

Shifting

$ / specific

Inhibition Common EF

$ \ Updating

Updating/ specific
Working memory . 3
alel 1 SHaOmA

A4

|

" a2RSf & R
| yRENR 2 Y e T CF N Sa

Selective attention Inhibition
WM Planning
Goal setting Regulation of  cognitive
Cognitive / \ Information emotional flexibility
Flexibility Processing \ control |
\ ) Y
\ ¢ v
\ Executive control / Goaldirect responses/

\. EF related behaviour




1.2.1 Cognitive flexibility

Cognitive flexibility, or the shifting of mental stat@sliyake et al, 2000)is the

ability to focus, shift and combineformation from various sourcesnoderate and

adapt behaviour following mistakes, and formulate plans for actidnderson,
2002; Diamond, 2012T heability to plan is vital for achieving specific goals and first
appears around -B months, becoming more advanced with age. Theetlgpment

of this skill is seen to advance over childhad improveggreatly between 18 to

27 months. At this age, children can recognise a goal and construct a sequence of
actions in order to achieve {Sun and Buys, 2012aflans that need conceptual
reasoning appear too difficult before the age of 4 and only advance considerably

between the ages of 7 to 11 yeainderson, 2002)

The use of the other EF domains is often considered necessary in order to achieve
shifting in mental state. Inhibition is required to ignore a previous perspecive,
working memoryis required in order to actively process the new vivamond,
2013) The dependence of flexible thinking on the other two EF<hills creates
problems when attempting to identify pure cognitive flexibility, and often, if
difficulties are observed in one domain, another is likely impaifédsartiet al,

2007; Aarnoudséoens, WeisglaKuperuset al,, 2009)

Immaturity of this domain is thought to be reflected in perseveration responses to
cognitive flexibility tasks. dPseverationin this context, refers to thefailure to

modulate a responsédollowing the presentationof new information, instead the

previously acquired response is repeatehsks that typically assess this domain
OKIFIffSyaS | OKAfRQA | oAfAlE indstaish&d Ay T 2|
response sebefore introducing a rule change that challengeatthesponse. The

more complex the rule change, the harder it is for children to incorporate the
information to modify their behaviour. This skill continues to develop and advance

throughout middle childbod and into adolescend@nderson, 2002)
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Cognitive flexibility in later childhood

In general, performance deficits on cognitive flexibility tasks appears to be a
consistent finding in preterm populations from childhood and into adulthood
(Nosarti et al., 2007; Aarnoudsdloens, WeisglaKuperus,et al, 2009; Rose,
Feldman and Jankowski, 2011; Eryigit Madzwamaseal, 2015) However,
cognitive flexibility deficits areoften reported alongside other EF domain
difficulties. The metaanalysis of neurobehavioral outcomes in children born
preterm byAarnoudseMoens, WeiglasKuperuset al., (2009)found a decrement

in cognitive flexibility performance across 12 studies with a moderate effect size
This, however, was not a specific deficit, as working memory and verbal fluency
performances were alsoweakerin the pretem group compared to the contrals
Nosartiet al, (2007) investigated EF performanceempreterm adults, with the
predominant deficits observed in cognitive flexibility, inhibition and visual motor
speed. When looking between these age groups, 11 y&herpreterm children
have been reported t@resent withdeficits in all 3 EF domaiifRose, Feldman and

Jankowski, 2011)

Although not directly comparabl@&liscrepancies across these studies could suggest
developmental changes in ERwithin expreterm cohorts as domain specific
differences impact performance differently with age. Detailed longitudinal
exploration intocognitiveperformancewould be required to explore this furthexs
each study above utilised different paradigms and had differing inclusion criteria
What is transparent from previous researchhowever, is that ex-preterm
populationsdemonstrate cognitive flexibility difficulties from childhood extending

into adult life.

Emergence of cognitive flexibility during infameyd early childhood

When difficultiesin cognitive flexibilityemerge is not clearThe focus of man
research studies is in the determination of which domain displays the greatest area

of difficulty in expreterm children.Althoughpoorer performances are detected in
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cognitive flexibility in older childhood, sudifficulties have not been a congent
finding in toddlers aged 2 t8, although research in this age range is mininkapy

et al, (2002) did not find differences in term and preterm performances on a
spatial reversal task, thoi to assess shifting abilitieén contrast,a multi-facet
study by Pozzettet al., (2014)identified cognitive flexibility as the only EF domain
in a multifactor analysis to showsignificant difference between groups.Both
studies utilised reversal paradigms whereby the child was instructed to find a
reward repeatedly in a specific location andce a criterion of correct response
was reached, the location was switched. Rule reversal paradigms are often
consideredan assessmentf cognitive flexibility. Fbwever, in order to achieve a
correct response, inhibition of the previous rule is fundananpresenting a
problem ininterpretation. The multifactorial approach by Pozzettt al, (2014)
attempted to account for the interrelated nature of such tasks, creating composite
scores from different tasks for each EF domaasks such a Multiocation Multi
Step (MLMS) paradigm, althgh predominantly is thought to targetognitive
flexibility, likely recruis all EF sulskills This task thereforeprovided multiple
variables to add to the Exploratory Factor Analysisnducted by Pozzetet al.
(2014) Although in principle this exploration coulgrovide insight into the
variability of EF domainperformances in a preterm population, there are many
limitations. Fundamentally, ihough the authors provided rationale in regards to
the primary outcome varidles that contributed to each EF factor composite score,
as this was a new approacthere was no evidence to support the choice of

variables selecte@Pozzettet al., 2014)

These findingstress the difficultiesn semrating the performances of the different
EF domainsAlthough attempts have been made to distinguisétween EF sub
skills even in the adult literature there it is a challenge in particular with cognitive
flexibility due to the nature of the suiskill The adult literature is fairly consistent

as EF difficulties appear to be a typical finding witlpireterm populations,
irrespective of whether flexibility is a specific issue. In early childhood, although
some findings suggest cognitive flexibility may be pheliminary domain displaying

difficulty in expreterm toddlers this is far from consistent amgésearch isparse
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1.2.2 Working memory

Workingmemoryis the ability to retain information in mind whilst executing a given
task, or manipulating information in order to achieve a desired goal. Working
memory helps us to plan and enables us to hold alternative views in mind,
connectingit to cognitive flexildity. This ability also facilitates giving directions and
linking current, future and past even{Biamond, 2006)Working memory has been
reliably observedo be typically detectablebetween 8 and 12nonths, however a
review of the literature byReznick et al., 2004uggestavorking memoryabilities

can be detected in those as young@&snonths This ability develops and matures
with age, increasing in capacity and ability to handle more complex intowma
(Sun and Buys, 2012a)

Working memory in later childhood

Within the preterm literature, difficulties wittworking memory although not the
exclusive problemhave been widely reported in school age child{@&arnoudse
Moens, Weisglaguperuset al., 2009; Hutchinsoet al.,, 2013) As illustrated in the
previous section,results are often mixed as to whether the deficit resides
independently within theworking memorydomain and/oris coupled wit other EF
subskillgBohm, Smedler and Forssberg, 200prkingmemoryhas been reported

as a specific deficit in preterm cohoiits some instancesA study by Muldeet al.,
(2010) explored the impact of EF deficits on academic outcomes in middle
childhood. Working memory appeared to predict attainment outcomes
independent of verbal processing speed, a measure that mediated the relationship
between the other EF domains and academitcomes. Research in gxeterm
adolescent and adult cohortsuggestdifficulties inworking memory maymprove

with age (Rusheet al, 2001; Saavalaineet al, 2007) however this is not a

consistent resul{Breemaret al.,, 2015)

These independent and coupled deficits within the EF domains have been linked
with poorer mathematical abilities itypically developingohorts (Bull and Scerif,

2001) As discussedn section 1.1.2 difficulties in mathematicsare frequently
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reported within preterm populatiors and many studies have found associations
between this academic area andiorking memorydeficits (Bull, Espy and Wiebe,

2008; Mulder, Pitchford and Marlow, 2010; Simetsl., 2013)

Emergence ofvorking memonyduring infancy and early childhood

Few studieshave explored possible early signs aforking memorydeficits in ex

preterm children Traditional assessments of working memory in infancy use
delayedresponse type tasks, in which an object of interest is hidden and following a

set period of delay, the infant is required to attempt to locate(liamond and

Doar, 1989; Rezniak al., 2004) A study by Suet al. (2009), found preterm infants

as young as 8 monthshowed pooer performance on an Aot-B tasks(AB task)

(Piaget, 1954rompared to term born peers, after adjusting for global cognitive
performanced { dzy' = a2 KI & | y R.Howeler, theAB @dkis ¥ighly H n n 0
dependent upon inhibition of prepotent responses arejuires cognitive flexibility

to modulate responses, thusterpretation of performance cannot be assigned to

one domain(Espyet al,, 1999)

Preterm born bildren aged 2 to 3 years have been reported to dispfmorer
performances irtasks such as thBelay Alteration Tasklesigned to assesgpatial
working memory abilitiegEspyet al., 2002) Behavioural differences to spatial
working memory taks have also been reped at 3 to 4 yearsusing delayed
location recall task$Vicariet al, 2004; Baroret al., 2010) In contrast,Pozzettiet
al., (2014) did not observe specific working memory defigit€ Sy dza Ay 3 | Wa
L2 G a Q LJrheJdiBckeaxcybetween studiescould be explained by the
different tasks used to explore these abilities. The delay alteratidajdécation,
require toddlers to wait befordhe retrieval ofa rewardfrom one of 2 or 3 set
locations the time delaybefore retrieval gradually increasinggs a measure of
performance(Vicariet al, 2004; Baroret al, 2010) The spin the pots paradigm
require toddlersto locate a number of different rewards from different locations
that were spunfollowing the start of the trialno time delayisimposed(Pozzettiet
al., 2014) It could be speculated that different aspects wbrking memoryare

being targeted in the two paradigms; the delayed alteration imposing a greater

a7



demand on spatial working memory, where#ise spin the potstask demands
greater memory for clour and shape ofeward location Both require working
memory of visualnformation, howeverthe specific mechanisms underlying these

differences require further exploration.

The proportion of studiesto observedifferences withinthis EF domain is cexinly
suggestive of avorking memory deficitn preterm populationsFurther clarification
on whenthese differences first emergand if it is possible to reliably identify

specific working memory abilities in the first years of | remains to beseen.
1.2.3 Inhibition

Inhibition, is the ability to ignore irrelevant stimuli to the task at hand and to control
behaviour (or thoughts) by preventing a response /andeplacing it with another
(Diamond, 2006)it is thought to first appear between 7 and h#nths of aggSun
and Buys, 2012a)he gns of significant improvementithin EF tasks that require
working memory and inhibitioomccur between the ages of 3 to 5 yedRennie, Bull
and Diamond, 2004)nhibition continues to mature throughout childhood, when

exercising discipline and controlling emotigitiamond, 2012)

Deficits in inhibition can lead to uncontrolled impulsive behaviours aade
associatedwith disorders such as ADHD, the disorder that formed the basis of
. | NJ EBmof®eh which considers inhibition as the fundamental domain of

executive contro[Barkley, 1997; Diamond, 2012; Sun and Buys, 2012a)

Inhibition in later childhood

ADHDis often a diagnosisnade inchildren born preterm(Bohm, Smedler and
Forssberg, 2004)although there is speculation whether this population has a
YurerQ form of attentional disorder specifically inattention,as hyperactive
behaviour is not always reporte(Johnson, 2007)Nevertheless the impulsivity
observed in those with ADHD is often apparent withinpesterm cohortsfrom
childhood through to adolescena@ohm, Smedler and Forssberg, 2004)pulse
control is commonly defined within the development literature as the inhibition of
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actions and control of emotionfHammond, Potere and Mayes, 2011Bohmet

al., (2004)found impulse control deficits in a cohort of preterm 5 year olds after
adjusting for 1Q,which were associated wittater academic difficultiegBohm,
Smedler and Forssberg, 200Zhis observation is reflected in a later study using
rapid visual processing task expreterm 11 year als, where the preterm
participants displayed a greater rate of false alarms. These defichedappear to
dissipate, as studies of greterm adultspresent with marked deficits in tasks
requiring response inhibitiariThesefundamental difficultiesare speculated tostem

from deficits in inhibitorycontrol and mentalflexibility (Nosartiet al., 2007)

Emergence ahhibitionduring infancy and early childhood

Few studies have investigated inhibitagntrol in the preschool yearfAarnoudse
Moens, Weisgla&uperus,et al., 2009) Tasks such as the Bear Dragon paradigm
(Kochanska, Murray and Harla2000) where the child has to follow the
instructions of one puppet andgynore those given by the otheor the Gift Delay
Opentask (Carlson, 2005where the child has to waib open a present until told,
are both classic tasks of inhibitiom children born pretermgestational age has
been shown to be a significant predictor of performance on these té3ksallet

al., 2015) However,paradigmsthat include conflicting instructions, such as the
bear/dragon, have a high working memory lo@@darlson, Mandell and Williams,
2004) Delagd response tasks, such as ti@ift DelayOpentask (Carlson, 2005)
have a lower working memory load, but limited sensitivityecause theyare
typically scored as pass or fail according to abiteary predefired time limit.
Delayed response taskse commonlyusedto assessnhibition from the ages of 3
onwards(Carlson, Mandell and Williams, 200Bgfore this agechildren lack the
ability to comprehend task instructionsOther paradigms, such as the Snack Delay
(Kochanskaet al, 1996) have been usedn children under 3 years but in
populations where language isdelayed, as insome cases of children born
premature, this can confound study @rpretations as language abilities are

influentialon task performancéCuskelly, Einam and Jobling, 2001)
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Within the first year, lhe traditional Piagetian Aot-B paradigmconsidered later in
this thesishaspreviously been considered to represent inhibitory abilitiés noted
however, working memoryis also fundamental to this tasks succéSsamond and
GoldmanRakic, 1989) Difficulties in attempts to parcel out the differenteF
domairs in the preschool periocre in part constrained bthe limited assessment
structure availableat these younger agedue to restricted behavioural repertoirs
(Wiebe, Espy and Charak, 2008)any tasks require infants eién to make
repetitive responsesyespond b rule changes, and/or retrievéidden objects.
These factors makeargeting one abilitywithout the incorporation of othes very
difficult. Athough a ombination of tasks that are ttugh to predominantly target
different domainscan be used in an attempt to highlight specific differes the

interpretation and validityof findingsis challengingPozzettet al., 2014)

1.2.4 EFoverview

The literature is clearly undecided regarding whichomain has thegreatest
influence on later cognitive performanceThere is an emergingonsensus that a
specificworking memorydeficit is likely to be thegrimary cause of the difficulties
observed in this population in @r children and into adulthoodWhen exploring
the extent of problems ovea range of functios in preterm cohorts, many studies
report defiats within the other EF domainsf which arenot fully explained by 1Q
scores(Bottinget al,, 1998; Bohm, Smedler and Forssberg, 2004; Neil Matad,
2007) The possibility of domain specific differences in later childhood/early
adulthoodare in agreement with the literature exploring the structure of executive
control, suggestinglifferentiation of EFoccurslater in developmeni{Miyakeet al,,
2000) As the current review suggests, in infancy and later childhood, assessing one
of these domains withouthe influence of another is challengiiBeauchamget al,,
2008)

There are mixed reports regarding EF abilitiesx#preterm children aged? to 3
years possibly due to attemto address when specific EF domains emdigspy
et al, 2002; Pozzettet al, 2014) Although taskscan be argued to targea

predominant EF domain, the other sub domains are typically involved in task
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performances.tlis therefore not possibleto categorically concludehere specific
deficits originate with the use of these task&x-preterm toddlers EF abilities
require further investigation,perhapswith a focus of exploring EF as a unitary
concept in order to clarify overall stability of theonstruct and not iran attempt to

parcel out the different domains.

Very few studiestrack cognitive performance longitudinally to explore the
developmental trajectory of EAnderson, 2014) To the authors knowledge, the
only study investigating cognie performance at multiple time points across the
first two yearsafter birth in a preterm cohort was the study conducted by Lobo and
Galloway(2013) who investigatedthe stability of learning in this early period of
life. The focus ofttis study was related to the trajectory of EF, but rather fixated on
0KS AyFlryiaQ FoAtAdGe G2 fSIENY 6AGKAY
learning difficulties later in lif€Lobo and Galloway, 2013)

Irrespective of differences in opinion regarding the structure of EF and which
abilities make upeachsub-domain it is clear thatex-preterm children, and later
adults, have difficultiesni these cognitive abilitiesn later life, there is evidence to
suggest that sgcific domain differences may account for these cognitive deficits,
but which is primarily responsiblés still a matter of debateWhendifficultiesin EF
are first detectable remains unclear.Typically, wdies have approached this
guestion with attemps to determine when specific domain differer&@merge in
preterm populations. Hwever, the evidence forthe emergence ofEFdomains
within typical cohorts also divides opinionsin studies ofearly development it is
apparentthat classic paradigms do natlow for cleardifferentiation of the ESub-
domains. With thistaken into accountit is highly plausible that EF is a unitary
constructthat differentiatesin later life. This isn accordance with the unity and
diversity model presented by Miyaket a.,(2000)and is supported by previous
reports in typically developing cohortas the best fit for the development d&F
(Wiebe, Espy and Charak, 2008hus in the current investigation we evaluated a

series @ classic EF tasks in very preterm and term infants, with the aim of
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identifying the early signs of differential EF performance in the context of a

longitudinal study.

1.3 Attention

First described by Posner and colleagues, attens@mommonlyconceivedasthree
networks; orienting or selective attention; alerting, arousal or sustained attention;
and executive control or simply executive attentiflposner and Petersen, 1990;
van de WeijeBergsma, Wijnroks and Jongmans, 2008; Mukteal., 2009) In this
model, the orieting attentional network describes the spatial positioning of
attention to surrounding stimuli, and is thought to be fully developed by 6 months
of age(van de WeijeiBergsma, Wijnroks and Jongmans, 2008g alerting or the
arousal network dictates focus in order to maintain continuous information
processing abilities, and upon unanticipated stimulatioreates a state of arousal
(Amso and Scerif, 2015Finally,the executive network refers to setfirected
attentional behaviours ands largely connected to the wider range of Hi¥an de
Weijer-Bergsma, Wijnroks and Jongmans, 2008iamond, 2013) This
multidimensional construct brings together these three systems in order to achieve
higherorder processing as well as coordinating and responding to sensory and
motor stimulation (van de WeijeiBergsma, Wijnroks and Jongmans, 2008; Scerif,

2010)

The developmental trajectory of these networks is again compeoausethey are
inter-related. In infancy, the first of the networks to be observed is that of arousal
and orienting ofvisualattention. Evaluation of this networls often driven bythe
response tonovel stimuli and a large proption of investigations focusn the
AYTFLEYGQa | ésivildd®Wdij@Bgrgsing Wifhtokd and Jongmans, 2008;
Scerif, 201Q) This focus on highly salient stimuli can lead tdfialilties in
RAaASYy3IlI3aASYSyd 2F lFGadSyadazys GSNX¥SR waida
necessarily a measure of visual processing, as discussed in detail within the visual
habituation literature (Stechler and Latz, 1966Yisual habituation is a technique
developed & a means of trying to assesearly information processing in infants.
Initially when presentedvith a novel stimulus, an infant will maintain visual foclis
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is assumedhat the time spent observing the stimulusflects internal processing.
With repeated exposureto a stimulus the looking time decreasesermed a
habituation response. Current dories suggest the faster the speed of habituation
the more efficient the visual processing of the infant. Look durations increase with
age, and are thought to reflect improved disengagement of attention and improved
efficiency of information processingvan de WeijeiBergsma, Wijnroks and

Jongmans, 2008; Kavsek and Bornstein, 2010)

In infancy, atentional networks have been found to be highly correlated with
procesing speeds and early Bbilities (Garon, Bryson and Smith, 2008)though
the precise mechanisms are not yet clearly defined, paradigms such &8 th& a dzl f
{ S| NI KScdrifetdal, 2004)and the Gap Overlagask (Atkinsonet al,, 1992:
Hood and Atkinson, 1993)e thought to tap ind this relationshipThe Gapverlap
paradigm require disengagement of visual attention from a central stimulus and
shifting gaze to the peripherfAtkinsonet al,, 1992; Hood and Atkinson, 1998)is
proposedthat thosewho disengage at aakter rate are then able to reengage with
an alternative image and process scemesckerthan those with difficultie§Rose,
Feldman and Jankowski, 200Zhis is a paradigiinat will be used in the current
studyasit may be usedn infancy through to the preschool yeatkerebyproviding
longitudinal observation ofhe development ofdisengagementneasures within a

preterm population.

Alerting, arousabr sustainedattention is observed in infancgnd early childhood.
Although a 3 network model is often reported within the attentional literature, the
overlap between the development trajectories sifistained and selective attention

has led some to postulate whether a two arm model is more appropriate; selective
and sustaied attention as one network, executive attention as the otl{8teeleet

al,, 2012) In any regard, the capacity of theistained attentionahetwork allows

for active information pocessing due to a sustained state of arousal. This is often
observed during play sessions, when infants or toddlers display a prolonged interest
in a specificobject (van de WeijeBergsma, Wijnroks and Jongmans, 2008)

laboratory settings, theContinuous Performanceask has been used to assess
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sustained attention, whereby the chilgresented with a stram of continuous

stimuliis asked to respond ta specifianfrequent target(Akshoomoff, 2002)

Over the toddler yearsplaying behaviours develop becomirsgltdirected and

planned this is considereda function ofthe executive attentional network. This
network hasstrong associations to the EF domain=ognitive flexibility, working
memory and inhibitory abilitiegvan de WeijeBergsma, Wijnroks and Jongmans,
2008) Executive attentionis often associatedvith activity in the Dorsolateral
Prefrontal Cortex, a region also highly linked toalBHities (seeFigure 13) (van de
Weijer-Bergsma, Wijnroks and Jongmans, 20@8K S W7¥ f I h¢s]peNduslyl a { Q
been considerd a measure of executive attention, where a child or adult, is asked

to select a responses that correspond to a visual target stimulus, and ighere
distractor stimuli, presented either sid®uedaet al., 2004) The interrelated nature

of these attentioral networksand EF meanthat2 6 4 F AY Ay 3 | WLIHHZNBEQ Y
any attentional network is not easily achieved and is often assesasgart ofEF

tasks. For example, the Flanker task is predominantly regarded assessment of
inhibition, although attentional abilities arecertainly likely to impact performance
(Steeleet al,, 2012)

The dual network model proposed by Steeteal (2012) suggests the selective and
sustained attentional networks, althougthey may be more closely related in
childhood, differentiate during developmernthe developmental trajectory of these
networksmayshow a similar structure to the emergence of EF domains (Steele et al

2012;Wiebe et al., 2011

In expreterm infants, paradigms that assess visual orientithin the first 6
months have observedlifficulties with gaze shifting behaviauirors ingaze shift
tasks includespecificlooks away from central fixatiorstimuli and more general
looks away from task equipmerButcheret al. (2002) explored the developmental
trajectory of shift patterns in term and preterm born cohor@ver development,
term born infantswere observed to make more errors compared to preterm

infants The authorgnterpreted this increase in looks away from task stimagdithe
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emergence ofdisengagement éhaviour, he ability to inhibi attention to saliert
stimuli, and required for high level cognitive processifidgis more mature looking
behaviour was not observedin the expreterm infants (Butcher et al, 2002)
However, these differences in gaze shift patterase not consistentacross the
literature. Roseet al.,, 2001) reported comparablgaze shifting behaviourcaoss
the first year after birth in dongitudinal cohort of term and preterm infant§&aze
patterns advancedvith age at a similar rate within both cohortsjth shorter looks

to targets and faster shifrates at the later time point(Rose, Feldman and
Jankowski, 2001Bhift rates, although indite of attentional processesre also
utilised in the investigation of information processing speeds, another area
postulated to beaffected by preterm birth (Rose, Feldman and Jankowski, 2002;
Mulder, Pitchford and Marlow, 2011andexplored in sectiori.4.

Preterm children and adults are more frequently assigned diagnoses of ARIAD

de WeijerBergsma, Wijnroks and Jongmans, 2008Jongside a range of
psychological disorders, in particular the inattentive subty@®hnson, 2007;
Lawrenceet al., 2009; Jaekel, Wolke and Bartmann, 2013mong those who do

not meet diagnostic criteria there is an excess of-sliical symptomgJohnson,
2007) The propensity for inattention may explain some of the learning difficulties
found among preterm populations and the effect may be independent of general
cognitive performancéJaekel, Wolke and Bartmann, 2013) one study a higery

of EF tasks, including attentional measures, explained variance in cognitive and
behavioural scores between a very preterm and term born populations, but the
majority was explained by working memory and visual processing s{dtdder,
Pitchford and Marlow, 2011b)Behavioural inattention observed in the classroom
may be related to what we nderstand to be the neuropsychological attentional
networks (discussed below), but to date limited evidence is available to connected
the two (Steeleet al, 2012) On the contrary, bhavioual inattention has been
shown to correlate to a greater extemtith working memory processing speeand
inhibitory deficits (Espy et al, 2002; van de WeijeBergsma, Wijnroks and
Jongmans, 2008; Scerif, 2010hus behavioural inattention maye considered a

reflection of EF deficifsasopposal to speciic difficulties in attentional networks.
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Investigations into the functionality of attentional networks ex-preterm aduls
report lower performances compared to controlsowever,as discussed previously,
tasks utilised in older populations agten highly confounded by other cognitive
domains Nosarti et al. (2007 utilised the Test of Attention Performance to
investigateattentional abilitiesin expreterm adults but by evaluatingperformance
based on response timeghere will be confoundsby slower processing speexd

typicallyobserved within this populatiofNosartiet al., 2007)

1.4 Information processing

Idal

WLYFT2NXIOGA2Y LINRPOSaaAy3d &aLISSRQ Aa GKS 0
between different brain regions in order to complete specific cognitive goals. The
speed in which information is transferred is fundamental to the success of basic
cognitive taks and is considered an essential cognitive reso\ficgkenet al,

2008) It has been long since established that speed of information proce@#i)ig

positively correlated withlQ scores in typical adult population studies)d it is
speculatedhat a link between speed of processing amarking memorydrives this
correlation(Jensen, 1993)The same relationshipas beerseen in pretem cohorts.

Possible associationsave beenobserved betweenworking memorydeficits and

reduced processing speeds preterm children(Mulder, Pitchford and Marlow,

2010)

Reducedspeeds in informatioprocessing is commonly reported in preterm cohorts
both in terms of sensory informatio(Rose, 1983; RameDasast al., 2013)and
higher level cognitive information reflected in reducexgnitive performance
(Rose, Feldman and Jankowski, 200®)dies of preterm cborts consistently
report strong associations between processsmeed and individualariabilityin EF
performance and overall academic achievemegikilder, Pitchford and Marlow,
2010, 2011b; Rose, Feldman and Jankowski, 2Q2)o 60% of the differences in
global cognitive performance scores between term and preterm participantay
be accounted for by variations in processing speed alt@se and Feldman, 1996)
In addition to theassoci#ion with 1Q, processing speedliskedto the performance
variations in multiple independent domains across many studies, from working
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memory (Rose, Feldman and Jankowski, 20@@)language deficit§OrtizMantilla
et al, 2008)and attention(Mulder, Pitchford and Marlow, 2011a)

The traditional view of early cognitive investigations that they showed poor
predictive validityfor later cognitive performancéFagan and Singer, 1983gsts in
infancy are speculated not tdap into the same processes that are apparent in
childhood andbeyond (Rose and Feldman, 1990; Colombo, 1998)this vein,
improvements in this area have been the focus of infancy research, with processing
speed measureindicating a level of continuity and stability in the prediction of

later cognitive abilitiegRose, Feldman and Jankowski, 2009)

Preterm infants have been observed fmerform poorly in cognitive tasksthat
additionally assess speed of informatipnocessing In 2002, Rose~eldman and
Janowskiutilised habituation, gaze shifting and recognition paradigwith poorer
performances observed in the preterm coharts contrast, and in aearlier study
Roseet al, (2001)found no group differences deveen term and preterm infants in
an attentional gaze shift paradigim the first yearafter birth. Theauthors speculate
that discontinuity between theirfindings reflect different processing skills in the
paradigms usedn the second studyn 2002 a familiarisationparadigm may have
created agreater cognitive load than the firgh 2001, a simple visual expectation
paradigm thereby the greatecomplexityprovided a more detailednvestigationof

the preterm infantscognitiveabilities(Rose, Feldman and Jankowski, 2001, 2002)

Deficits in processing speed within the preterm population are obseimeaidde
childhood and into adulthoodThe link between processing speed amabrking
memory seen in typicdy developingpopulations is highly associated withoverall
academic attainmentin preterm populations(Rose and Feldman, 1996; Fry and
Hale, 2000; Mulder, Pitchford and Marlow, 201@) the study by Muldeet al.,
(2010), verbal processing speeds accednfor the variations in attentional
abilities, inhibitory grformance, semantic fluency and shifting abiliti&orking
memorywasindependently predictive of academic attainment. This finding echoed

a previous study by Rosat al., (1996).In contrast,Bull and Johrien (Bull and
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Johnston, 1997) reported that the typical arithmetic difficulties observea
preterm childrenwere best predicted by motor processing speeahidindependent
of memory. Although there are stifariationrs amongst study resultshere remains
a strong suggestion that processing speed is a good predictor of later academic

performance.

In terms ofcontinuity, there is a lackof investigations within the preterm literature
exploringprocessingspeedsfrom infancy into the toddler yearfkoseet al., (2009)
reportedtoddlers born preterm talisplay a persistent deficibh a range otognitive
abilities from thefirst yearand into the secondinformation processingspeedsin
combination with recognition memory, recall and attention accounted for the
variationin general cognitive abilitwith this cohort(Rose, Feldman and Jankowski,

2009) To date, thereis limited additionalevidence investigatinguch trajectories.

Information processing speethay also be investigated usinmggural processing
techniques Event Related Potentials (ERPs) provide more accurate temporal
measures of pecific processing andnay be used to assess preterterm
differences Processing difficulties related to slow cognitive performamacel social
inabilities are correlated to the Wt 2-z BIRPrddassing speeds of sensory
information, particularly that of visual and auditostimuli (Fellmanet al., 2004;
Mikkola et al., 2007; Sokhadzet al, 2017) If preterm children do not process
sensory information at the same rate as typically developing individualswiliis
impactthe performance of cognitive tasks. In particular, infancy research islyarge
dependent on looking times and the speed of gahédting to evaluate early
cognitive abilities (Butcher, Kalverboer and Geuze, 2Q0®xploring neural
correlates of sensory systems may inforom the evaluation of mechanisms

underpinning cognitive performance.

ERPsre averagd voltage deflections produced by the brain in responseatty
sensory modalitfWoodman, 2010)In this brief reviewERPs to visual and auditory
stimuli are summarisedJpon detection of a stimulugn initial change in polarits

observed in the ERRaveform;in the case of visual stimulthe C1 reflects the
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location of the stimulus within the visual fie(€lark, Fan and Hillyard, 1992he

N1 and/or P1lare typically the first components observed in an ERP waveform in
response toauditory stimuli. Thee are postulated tareflect the physical attributes

of the stimulus oppose to cognitive evaluations andicate thedetection of the
stimulus in thke primary visual or auditory corticgglerrmann and Knight, 2001)
Following this, the P300 or P3 is produc&tie P3 is a positive deflection, peaking
at approximately 300 milliseconds post stimulus onset. ¢bmponent reflecs the
attention to the stimulus and is typically a larger resge when an infrequent
stimulus is detectedHerrmann and Knight, 2001Yhis technique is therefore
tailored to explore differences in information processing speeds in early attentional

networks to any sensory modalities between different cohorts.

Within this thesis,the focus is on neural correlates associated to auditory
processing. Northanet al. (2012)used MRI and diffusion tractographgchniques

to investigate the intgrity of the interhemispheric pathways associate with
language in a group of extremely preterm infants. They found a significant
reduction in volume ithe posterior Corpu€allosunthat accounted for 57% of the
variance in language abilities within thegperm cohort(Northamet al,, 2012) This

in part echoed the findings of Nosast al. (2004)who had previously reported
correlations betweerthe posterior corpus callosum volume amdrbal fluency and

IQ scores, but only in preterm male$hese findings suggeshat transfer of
auditory information related to speech and language across the hemispheres is
compromised, and potentially slower, in children born preterffo thel dzii K 2 N& Q
knowledge, there are no current studies exploring the attentional response of the
brain to speech sounds in a cohort of preterm toddlefs more detailed review of
auditory processingn relation to language can be foundAppendix 4 but will not

be congdered as the primary focus in this thesis

1.5 Conclusion

In contrast to the large body of research into cognitive processes in school age ex

preterm children, there is a paucity of research that seeks to evaluate the early

trajectory of emerging cognitive processes that will underpin later performance and
59



allow for the early identification of children at clinical risk of later learning
difficulties. Such evidence is needed tormulate targeted interventions to
ameliorate the high prevalence of special needs and cognitive deficits in very
preterm children at sohol age. There is genuine uncertainty about the early
emergence okexecutive functionsand information processingpeed differencesn

infancy.

In this thesis, studies of the early engence ofEFskillsup to 30 months of agevill
be presented whilst expting the influence of processing speeghd attentioral
differencesin a group of very preterminfants (VP henceforth) with relatively
uncomplicated neonatal courses, compared to a group of term childterm

henceforth)
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1.6 ResearchAims and Objectives

The overall aim was to usargetedneuropsychological assessments in combination
with ERP techniqueand eyetracking technologyo identify at which point within
the first two years after birtidifferencesbegin to emerge in EF abilitieetweenVP
and term controls,and to what extent informatin processing(IP henceforth)

abilities impaciglobal cognitive performancé he specific study objectives were:

1) To explorethe differences in EF, attention arlBspeeds at 3 time points within
the first year and at 30 month of ageetween the term and/Pcohorts EachEF
task incorporatesthe different EF subskilland performances will be adjusted
for global cognitive scorédefined by thecognitive composite score of the
Bayleylll). This will seek to identify the emergence of, Efention and IP

difficulties not accounted for by global cognitive performance.

2) The first year of assessments will be used as predictocogfitive score of the

Bayleylll at both:
1) 12 months
i) 2 years

3) Finally, the EF tasks at 30 months will be used to investigate the variation of the

Bayleylll at2 years

The final two objectivewvill explore to what extent the performances in EF tasks in
the firstand second/ear predict the variation on the Baylly cognitive scores and
will examine the effectiveness of the cognitive scale at detecting any variation in EF

abilities in avP anderm cohort.
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1.7 Hypotheses

This thesis is lmken down into Schapters:Gobal measures otognitive language

and motor cevelopment Executive &nctions, Attention; Information FPocessing

speeds and Prediction of global cognitivegpformance at 12 months and 2 years

from earlier measures of EF, IP and AttentioAccordingly, the following

hypotheses where made for each aspect of the study:

1.7.1

1.7.2

1.7.3

Global measures of cognitive, language and motor development

VP infants will score lower in the Bayldly cognitive composite scores
compared to term infantsat both 12monthsand2 yearsof age.

The cognitivecomposite score at 12months will predict the cognitive
composite score a yearsof age

The cognitivecompositescoreat 30 monthswill account for some of the
variation in other neuropsychological measures throughout the other
chapters but will not explain all differences seen between the two cohorts.

Executive Functios

VP nfantswill show a reduced abiy in EFtaskscompared to term controls

Any differences observed within the first yeaill alsobe observed in the
second year performance in corresponding tasks.

Any differences seen in the two cohomsll not be completely accounted
for by theglobal cognitive score.

Attention

The information processing speeds obtained from the attentional tailk
show slower processing and more immature looking behaviouVinh
children compared to term controkst each time point that it is measured (6,
12 and 30m).

Overall global cognitivelifferences at 12 and 30 months account for a
proportion of the variation in performance within the two groups.
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1.7.4

1.7.5

Information processing speed

VP childrerwill display sloweresponse timescross all IP measures

Any differences obsendewill still be present after adjusting for global
cognitive performance.

Prediction of global cognitive performance at 12 months and 2 years from

earlier measures of EF, IP and Attention

Poorcorrelations will beobservedbetween the variatiorin the Bayleyl|
cognitive scoreat 12 monthsand 2 years and thEF, IP and attention

performances from the first year

Likewise, the proportion of variation accounted for by EF, IP and attentional

performances in the Baylell cognitive score at 2 years will be low.
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Chapter 2 Methods

2.1 Preterm Development Project

The Preterm Development Project: Growing up after preterm birth (PDP) was
established in 2011, by Professor Neil Marlow &rdMichelle de Haanwith the
assistance of Dr Lara Platten, and Dr Charlotte Sandé3sadle This prospective
cohort study was primarily put together to further our understanding of the early
brain and sociatognitive development of children bormery preterm Thelong
term aim of the study is to use the information collectéd help improve early
identification methods of those at risk for later social, cognitive and academic
difficulties, and todevelop targeted interventionsn order to reduce évels of
developmental delayeen within this population, thereby reducing tisecial cost

these delays haven the education system.

The main objectivesf the PDP e outlined in the UCH PDP protocol, please see

Appendix 1 The structure of the study esented inFigure 21.
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Recruited onto the

PDP study Very Preterm
infants
Term born
infants
MRI scararound birth
(approximately 30 weeks
of gestation)
MRI scan around Additional MRI scan
birth (>42°weeks) at due date
PDP 3m visit
PDP 6m visit .. Clinical followups
----- ---»|  with BayleylIl for
VP infants
__.> 12 and 24m Bayley
PDP 12m visit | Il scores used in PD
}‘/’(24m visit)
PDP 30m visit

Figure2-1. The Preterm Development Project (PD8udy structure. The red boxes indicate the

stages of the study where the data reviewed in the thesis were collected.
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On discharge from the hospital, the term aMPinfants receive the normal clinical
outpatient follow ups as standard, with additional visits to University College
Hospital to visit the UCH PDP Baby lab within the Clinical Research Facility in the
Elizabeh Garrett Anderson wing. The infants were asked to attend 3 visits within
their first year at 3, 6 and 12 months of ad@llowing this first year of assessment,
consent was sought to allow subsequent assessments at a rate no greater than 1
per annum. Theoutcome for this PhD project is based on the data obtain at the
follow-up assessment at 30 months of age, however utilises the data collected at
the previous time point to address the study ainitie VPinfants were corrected

for gestation by using theirxpected Date of Delivery (EDD) for the purpose of

these assessments, the reasons for which were discussed in Chapter 1.

This chapter will detail the recruitment process of the infants into the study, the
inclusion and exclusion criteridhe ethical appraoal for the study,a brief
descriptionof the tasks administerednd reviewedwithin this thesis, andinishing
with the statistical plan for all analyses conducted in later results chapférs.

detailed methodologies for each task administered will beéhanrelevant chapters.

2.1.1 Participant recruitment

The PDRtudy, originallyfunded by SPARK&mMed to recruitfifty preterm infants
born at <32 weeksf gesation andfifty term born controls as a comparison group.
Recruitment for the study was initiated fmge the start of this PhD project. Support
from this studentship, allowed for additional recruitment of term born controls and
then aided in the completion of recruitment of tAéPinfants. Eighty one term born
and fifty VPborn children were included ithe data analysed within this thesisf
theseg forty-four term born participants andhirty-nine VP infants were recruit
during the PhD periodThe author completeda minimum of onefollow up
assessmentor sixty term born and forty seveMP born participants during the 3

years of data collection. The attritiorate for the study is show in Figure22
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Total Termborn
infants recruited:
81

Total Pretermborn

infants recruited:
50

Termborn infants not include

at this time point:

A 18 not recruited until
after 3 months

3 month assessment

Total termborn
infants assesse®3

Total pretermborn
infants assessedt7

Pretermborn infants not

include at this time point:

A 3 not recruited until 6
months

Termborn infants not include

at this time point

A 5not available

A 6 not recruited until 30
months

6 month assessment

Total termborn
infants assessed0

Total pretermborn
infants assessedt3

Pretermborn infants not
include at this time point:
A 4 notavailable

A 4tooyoung

Termborn infants not include

at this time point:

A 13not available

A 10too young

A 6 not recruited until 30
months

12 month
assessment

Total termborn
infants assessedi2

Total pretermborn
infants assessed3

Pretermborn infants not
includeat this time point:
A 4not available

A 4too young

Termborn infants not include
at this time point:

A 6 new recruits <
A 29 not available
A 24too young

30 month
assessment

Total termborn
infants assesse@®8

Total pretermborn
infants assesse@®8

Pretermborn infants not
include at this time point
A 9 not available

A 13too young

Figure2-2. The attrition rate of the participants included in this thesis from the PDP study.
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2.1.1.1 Preterm Inclusion criteria

Infants born at <32 completed weeks of gestation were recruited from the Neonatal
Unit at University College Hospital London. In the first instaw&parents were
approached at the end of the first week after birth and permission was sought to
include hem in the study. Exclusion criteria were low likelihood of survival and
severe congenital abnormality. An information leaflet was given to parents at the
time of consent, so to provide information on the study folloys, separate from
routine medical ftlow-ups. No alteration to clinical care was necessary as part of
the project other than the two imaging procedures around birth. Copies of consent
T2NX¥a FyR addzRé R20dzySyida ¢SNBE AyOf dzRSR
were given to the parentfor future reference. Parent contact details were passed
on to the study team following consent from the participating parents in order to

organise the followup appointments in the UCH Babylab.

2.1.1.2 Term inclusion criteria

Term born children included in theowtrol group were recruited from antenatal
classes and postnatal wards at University College Hospital London. Inclusion criteria
for the term group were: gestation between 22 weeks, birthweight between 10

and 90" percentile for gestation, no perinat complications and Apgar score at
5min >7. A leaflet detailing the study and providing contact details was distributed
via local parent and infant groups and their venues. Participants were also recruited

via email notices.

2.1.1.3 Attrition rate

Due to the natire of the study, a number of children originally recruited did not
complete all assessment phases. As highlightdeidgnre 22, detailing the attrition

rate of infants through the study, a proportion of infants did not fully withdraw
from the study within the first year of assessment, but were unable to attend
specific assessments either due to illness or other family circumstances. The

timeline of the study and the start of this PhD project were such that a number of
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the term born infants first recruitesnto the study were missed at the 30 month
time point. Due to this, a small cressction of term children were recruited at this
age to ensure a balanced sample of term arfdchildren at the 30 month time

point.

2.1.2 Ethical Approval

The study was approvedybthe NW London Research Ethics Committee 2
(Reference 10/H0720/80) and is registered with the Research and Development
Department of UCLH.

The study incurred a number of amendments to include new researchers, additional
tasks and new assessment battexjall changing the documentation and requiring
review. For the purpose of this PhD projeappendix 1 and Appendix detail the
amended protocol and approval letter for assessment administered up to and

including the 30 month follow up.
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Term Preterm

Total term Total Preterm Very Preterm Extremely Preterm
n=_81 (n =50) (n=17)(27-31+6neeks) |  (n = 33)(<27weeks)
n=81 n=50 n=17 n=31

Infant sex(M:F) 40:41 31:19 12:5 19:14
Maternal education
0, . 0, . 0 . 0, .
(<GCSE:>GCES) 96% (3:77) 87% (6:41) 86.7% (2:13) 87.5% (4:28)
Median IQR Median IQR Median IQR Median IQR
\l
o .
Saeist;i“on (Weeks: 407  39%car?| 260  250c28°| 28  289¢29° | 257  24°¢26Y
. . 3175¢
Birth Weight (g) 3380 3850 767 670¢ 922 956 736¢ 1130 730 657¢ 785
) -.49¢ i -.89¢ i -2.12¢ i i
SDS .05 47 41 05 1.37 50 1.85 .52¢ .13
IMD quintile (SES) 4 2¢4 3 2¢4 3 2¢4 3 2¢4

Table 2-1. Total population demographics for infants included within this thesis. Male sex and maternal education reported separatehatiasdata; remaining
characteristics reported as Median and IQR. Maternal education categorised by those with qualificatiorsgegrthan GSCE and those below; the IMD quintiles is the

Index of Multiple Deprivation for UK postcodes categorised into 5 groups with 1 = least deprived and 5 = most defi¥iRéd), 2013)



TL

Ethnicity

Term

Mother (n=73)

Father(n=73)

White British

White Irish

White and Asian

White and Black Caribbean
White and Black African
Any other white background
Chinese

Indian

Black African

Black Caribbean
Bangladeshi

Pakistani

Arab

Any other Asian background

AnyOther Mixed/Multiple Ethnic Background

Any other ethnic group

29
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Table2-2. Maternal and paternal ethnicity of all infants included within this thesis.
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Preterm
Mother (n=45) Father(n=44)
14 16
1 0
0 0
0 0
0 1
6 7
0 0
8 7
4 4
1 1
1 1
3 4
1 1
3 1
1 0
2 1



2.1.3 Primary language of cohort

At the time of recruitment, the study was explained in English and consent was
givenandtakenin English. Families whose mother tongue was not English were not
excluded from the study, but neededl level of understanding to conseto the
study in English. He researcher or physician taking consent utilised their
professional judgment to assess whether the level of understand was present. If this
level of understanding wasot there, consent was riaaken and the child was not

entered onto the study.

Throughout the studgommunication with the infant otoddler was in English. This
was particularly important during th80 month followup given the nature of the
assessmentdt was therefore at this point that the predominant language spoken
within the home was recorded.he proportion of English spoken within the home is

detailed below in table 3.

Bilingual or greater
Only English Predominant language Pgrcentage ot_ime
English spoken in home
n % Englishif; %) Other (n;%) Median (range)
Total (n=49) 28 57.14  39(92.86) 3(7.14) 100 (50100)
Term(n=26) 14 53.85 21(87.5) 3(12.5) 100 (50100)
Preterm (n=23) 14 60.87  18(100.0) 0 100 (90100)

Table 2-3. Proportion of English spoken within the cohort at 30 month follewp, detailing the

predominant language spoken within the home and the percentage of tispoken in English.

If the mother tongue of theéoddler was not English, and the toddler displayed signs
of misinterpretation of task instruction, the parent was instructed to give an exact

translation to the mother tonguéuring specific tasks
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2.1.4 Medicalfactors

As discussed isection1.1, numerous neoatal complications can impact the brain
development and later function of infants born preterm. Below is a summakgpf

neonatal characteristics afe VPinfants within thecurrent cohort.

Very Preterm; n=17 Extremel\Preterm;

Total cases; n=50 (27-31+6veeks n=33 (<27weeks)

n % n % n %
Cases of IVH/PVH] | 25 50 6 35.28 19 57.58
Vi Inraventroula 47 34 4 2352 13 39.39
'”trapﬁfsqgg}’&a! 8 16 2 11.76 6 18.18
ROP: 29 58 3 17.65 26 78.79
Stage 1 8 16 0 0 8 24.24
Stage 2 17 34 2 11.76 15 45.45
Stage 3 4 8 1 5.88 3 9.09
CLD/BPD: 42 87.5 10 62.5 32 75
Mild 11 22.92 3 18.75 8 25
Moderate/ Severe 31 64.58 7 43.75 24 75
NEC 7 14 2 11.76 5 15.15
Mean SD Mean SD Mean SD
Days in ITU 33.19 22.19 18.88 20.24 40.34 19.75
Total days in hospital 107.26  37.52 89.87 49.71 115.41 27.52

Table 2-4. Neonatal characteristic of the infants bormery preterm included within this study,
total, and subdivided into very preterm27-31+6nveeks; and Extremely preterm <27weeks

gestation

2.2 AssessmenMethodology and summary of study paradigms

The experimentalparadigmsincluded n the PDP study aimed to assess the
development of EF, attention, ané& speed differences in a cohort of term amP
infants and will be categorised accordingthe results of each categonyill be

reported in separate chapters
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As detailed in the literature, targeting oneognitive domain within EFwithout
incurring the e of others is very difficulf{Mulder et al, 2009) therefore the
predominant cognitive doma will be discussetbr each task, howeveoverall, the
paradigms have been considered measuremofe generaEF functioningln each
chapter, the paradigms will be reported order ofageof assessmenBelow,table
2-5 briefly introduces the tasks ilised within this thesisand the chaptersvhere
they are reviewedTable 26 details the additional questionnaire measures utilised
in order to acquire relevant information use in the thesMl/ithin each chaptera
background of their standing in curretterature will be reviewed, includingpow
they fair in terms of known preterm research. Full methodologiesluding
apparatus and procedures will be explained within thethods section of the

relevant chapters.

Chapter Assessment and age Description

performed

Chapter 3 | Bayley Scales of A wellestablished global assessment scale w
Global| Infant and Toddlers normative data available for popation comparisons
measures Development 3rd Gold standardclinical assessmenised to determine
edition ¢ cognitive,  developmentmilestonesaccording to age in 3 mail
motor and language areas:cognition, language and motor skills.

scales (Bayleil);

12 and 24/30

months

Chapter 4: | Delayed Response The infant was sat on a parent or guardians lap

Executivel Task (DRT) front of a large black screen with two windows. T
Functions windows were occluded by a blind. Upon raising
6 months blind, a stimulus was presented at one of the t
GAYR24 YIF{Ay3a | Yy 2AE

attention. The blind was then lowered and a 5 seci

delay administered. The blind was then raised and

direction of the first eye movement from the infa
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A not B paradigm

12 months

Dimensional
Change Card sort

task;

30 months

was recorded. The procedure was repeated with
stimulus presented randomly to each window. 1
DRTadministered in this study included both soc
and nonsocial stimuli, which were summarised

provide performance measures.

The infant observed the hiding of an object in one
two locations and was then asked to retrieve
without any delay imposed. After two corre
retrievals in the same location, the hiding location
the object was changed to the other location in pli
sight, and the child was again asked to retrieve
object. If the child searched correctly, the proced
was repeated, accept with a delay of 5 secol
implemented before being allowed to search for f
object in all instances. This procedure was cCuetil
until the child incorrectly searched for the obje
following a switch. This error has been termed as

Wi . OMNENIB5).

The DCCS task comprised of two sorting boxes &
selection of sorting cards. The cards varied on

dimensions, with the sorting box displaying the sal
yet inverse dimensions. The task requitleel child to
sort according to each of the dimensions in turn
both dimensions were correctly sorted, the cards w
changed and the next level was administered,;

complexity of the different dimensions increased w

each level.

Chapter 5:

Attention

GAP Task

6, 12 and 30 months

Usedeyetracking technology to assess visual react
speed and attentionlaprocesses. The task challeng
0KS OKAfRQa lFoAfAdGe G2

when presented with a peripheral target. The te
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was desgned to highlight any deficits in attention k
looking at the time taken to disengage (e.g.
AYylFLoAftAGESe 02 RAaSy3l 3s
FGGSYyliAz2y Qs GeLAOKTf e

Spectrum Disorder).

Chapter 6:
Information

Processing

Behavioural

measures

Conjugate Mobile
Reinforcement

paradigm;

3 montls

Babyscreen App;

30 months

Multi-Location
Multi -step task
(MLMS)

30 months

A behavioural paradigm designed by Rovee & R
(1969) targeting the operant learning response.
reinforcement paradigm, where the infant lear
specific movementdisplaceda moble suspendec
above them, rewarding them with sounds and vis
movement. The infantsvere considered to have
learnt during the paradigm if a préetermined

criterion is reached.

A touchscreen based assessment designedammey
et al (Twomeyet al, In Presg A newly develope:
application based on classic EF tasks but i
touchscreen environment enabling the investigat
of speed of processing in relation to EF abilities. T
on which the application was designed include thi

not B, and Dimensional card sort task (DCCS).

An extension to the A not B paradighn objectwas
hidden in one location for one or more tridisit
retrieval of the object required the completion of
multiple step processAfter correctly locating the
object in 3 consecutive trials, the hiding location v
switched to an alternative locationPerseverative
errors and time to completiomvere sumnarised to

provide performance measures

Neural

measures

Auditory ERP

paradigm;

Designedto assess speed of auditory informati
processing with particular interest in the speed

information transfer across the corpus callosu
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30 months Infants watclked an unspecific visual presentation or
screen whilst listening tosimple auditory syllables
presented to left and right ear independen
(monaurally). ThauditoryN1 and P3 amplitudesnd

latencies will be compared between cohorts

Table2-5. Name and brief description of assessments evaluated within this thesis

Assessment | Questionnaire Description

age

All time Demographic¢see General information about the family; addres
points Appendix 3 siblings, medical history, education

background, employm# history, language

dominance
30 months The Oxford A UK adaptation of the MacArthBates CDI. /
Communicative parental report of the receptive and express

Developmentnventory language produced by the child at the time of t
(OCDI) assessmeniThe OCDI is us&dth the analyses ir
the subsequent chapteifthe language scale o

the Bayleyll is not completed.

Table2-6. Summary of questionnaires considered within this thesis.

2.3 Statistical analyses

Excluding the Bayleyi and the BabS§creen tasks which were coded onlinge al

other tasks were video recordedith data acquired off line20% of the data from
each task were double coded for reliability, which was set at a minimum of 80% to
be considered accuratdue to the variationn participantattendance during the
study, and the nature of neuropsychological assessments in infants and young
children, full datasets for each child were not possible. Thexeby lel to variations

in participant numbers for each task. Given this, populati@mographicswill be
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given at the beginning of each results sectibrata were analysed following a set

procedure detailed below.

Normality of each key variable within a data ses explored using histogranasd

the Shapiro Wilk test of normality. If data wemot normally distributed a
transformation was attempted d achieve normality. If normalitgould not be
reachedor if a transformation was not appropriate, for example in cases where the
data was based on standardised population scores,-pemametric tess were
carried out on the raw data-or normally distributed (parametric) data, the mean
and standard deviatiaawill be reported; for nomormally distributed data (non

parametric) medians and rangwill be reported.

Following data exploration, varialdenvere assessed for equality of variance using
an analysis of variance test and then compared using the appropriate statistical test
for differences in the term an¥Pgroups.Significance was set p < .05; and a trend
identified asa p-value between .05 ad .1. In cases where the variables had
repeated measures for each participant, a repeated measured analysis of variance
(ANOVA) was carried out, where main effects and interaction effects were explored.
Posthoc analysesn the form of stepwise multiple e¢oparisons using Bonferroni
adjustmentswere run where appropriate. The statistical tests used will be reported

in each results section.

In sectionl1.1.1, upon review of the literaturethe neonatal factors previously
determined to be most influential of doome in the early years and therefoveere
considered within all analysesere gestational agesocial economic status as
determined by thelndex of Multiple Deprivation quintile score (IMD quintile;
calculated from the family postcod®&PEU, 2013and male sexFor each task, one
variable was selected a priori on a theoretical basis to best reflect the task
performanceand will be stated in each results sectioh regression model was
applied to investigate the relationship between this outcome variable whilst

adjusting forstudygroup (termAB, malesex andMD quintile
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For the tasks conducted at 30 months of age, an additional regression model was
fitted to each task data adjusting for the cognitive composite score on the BHyley

at 2 years This investigated whether any differences seen in the task outcomes at
this age were explained by overall cognitive scores or demonstrated demain

specific variatios.

Forthe Gapdatain Chapter 5the longitudinal observations were investigated using
a mult-level mixed effects model These were generated with the main dependent

variable cluster over the two or three age points, depending on the model.

Ultimately, a longitudinal investigation of the data will be conducted within Chapter
7 to explore the predictive validity of the EF, IP and attentional measures in relatio
to the Bayleylll cognitivescores. Sequential regression models will be produced to
examine the contribution of each task score to the overall proportiérvariance
accounted for in the Baylell results. &cores will be produced for continuous
variables usig the termborn population mean and standard deviations. These will
then be enteredinto the modek alongside the praletermined demographic
confound variables: Male sekydex for Multiple Deprivation quintile score #se
measure of Social Economic Sttand study group. The baseline group in for all
regression models unless otherwise stated, will be tdronn females with an IMD

quintile of 1.
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Chapter 3 Global Measuresf Cognitive, Language and Motor

Development

The Bayley Scales of Infant and Toddler Developrgdritird edition (Bayleyil), is

an internationally recognised developmental assessment, standardised across a
representative sample. Developed and publisteedjinally by Nancy Bayley in 1969
(Bayley, 1969)the scale has been repeatedly used as a gold standard for assessing
developmental delay in at risk populations, going through multiple updates to keep
up with current research. The most recent upddtwas to the Bayleyll in 2006
Produced by Pearson Edumn Ltd., the measure assessgsey developmental
domains: cognition, language, motor skills, seemlotional skills and adaptive

behaviour; in childgn as young as 1 month up to 42 months of age.

As discussed in sectidnl.2 global cognitive abilities are an indication of later 1Q,
and assessments such as the Bayliéyare designed to highlighthildren whose
developmental progression is out of theormal range Since its development in
1969 (Bayley, 1969)the Bayleylll has been consistently utilised in clinics and
developmental research. Particularly within individuals born preterm, there is an
imperative need to track their neuropsychological development within the first few
years after birth, to ensure the infants hit their developmental milestones; the
Bayleylll has been and currently is the gold standard measure used. The Biyley
however, has previously undergone scrutiny due to its lack of sensitivity to those
showing mild cognitive delay and its inability to detect subtle domain specific
performance differencesvithin the first two years after birtfdJohnson, Moore and
Marlow, 2014) This research alone highlights the need for improvements in early

identification measures for those at risk of mild delays

The Bayleyll, and its predecessor, the YayIl, have been consistently used in
preterm literature to further explore the cognitive impairments seen later in
developmentwith mixed results(Lobo and Galloway, 2013; Bo@¢ al., 2014,
SpencetfSmith et al., 2015) Although clinical practiceconsists ofthe use of the

Bayleylll at 3, 6 and 12 months of age following preterm birth, research suggests
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that the measure has poor predictive validity before 24months of @gdo and
Galloway, 2013) Once at 24 months, studies have more frequentyund
correlations to later IQBodeet al, 2014) A consistent findinghowever, is the
overestimation of developmental abilitig®\nderson and Burnett, 2017\lthough
studies report a strong correlation between those identified as delayed in the
Bayleylll at 2 years and those that later presemith cognitive delaygSpencer
Smithet al, 2015) a considerable proportion of children that later gent with
delays are not identified by the Baylly measures at 2 yegrsvith this consistent

across all Bayley subscal(&pittleet al,, 2013; SpenceBmithet al,, 2015)

Discussed in sectioh.1.], the effect of SES (social economic status) on cognitive
outcome has been continually reported ihe preterm literature(Tideman, 2000;
Hack, 2006; Moore, Hennessgt al, 2012) Poorer SEShas been foundto be
associated tanoderate cognitive difficultiegjefined as <85 othe cognitive scales
(Hack, 2006; Beainet al, 2011) Those from poorer family backgroundse less
likely to show improvements in cognitive score from childhood into later school
years (Hack, 2006) It is also possible thathe difficulties reportedin preterm
populations at schools are not representative of the levels of impairmeetiscted

in infancydue to the SES related biasts follow-ups; the more disadvaaged
families appear to requirggreater persuasionto attend follow-up assessments

(Moore, Hennessygt al,, 2012)

A second factor consistentlyssociatedo cognitive outcome isex of the infant
Male survivors of premature birth are tymdy reported to present with poorer
cogntive abilities than epreterm females (Moore, Hennessyet al, 2012;
Mansson, Fellman and Stjernqvist, 20180ys have frequently been reported to be

at greater risk for brain injury and respiratory problems compared to girls and
appear to be at a greater risk for sensory, motor and communicative problems
(Elsmen, Pupp and Hellstrewlestas, 2004; Peacoek al., 2012; Manssn, Fellman

and Stjernqvist, 2015Both factors are therefore accounted for when exploring

cognitive outcomewithin the current investigation.
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The Bayleyll was conducted at two time points within the current study, 12
months as 24/30months; with th&Ptoddlersassessed during clinical follewp at

2 years the following section will elaboratend the term toddlers during the PDP
30 month assessment. Given the evidence from the literature, it will not be possible
to conclude which of the assessmeiisids the strongest predictive validity within
the current cohort as further followaps would be required. However, it will be
possible to explore the continuity of the measure longitudinally subsequent
chapters, performances i&F, attentionand IP wll be adjusted for cognitive score
performancesand inversely, thgroportion of variation in the Bayleyll cognitive

scores accounted for by the EF, attention dRdheasureswill be explored

3.1 Methodology of the Baylepyll|

Infants bornvery preterm areas standard in the UK, followed up at 4 time points
after leaving hospitieas part of their routine caret 3, 6, 12 and 24 months of age.
These assessments overlapped in paith the PDP assessment timeframe. Due to
the nature of hospital appointmentsn practice, the age at which the infants were
seen varied. It was therefore not advisable for the PDP to repeat the BHyley
assessment due to the possibility of practice effects and scores not reflecting true
abilities. Permission was therefore sdrom the parents of the infants to access
medical records and the relevant Baylélyscoresvere obtained. The results from
the clinical 24 month Bayleyi cognitive scalewere used to adjust for global
cognitive performance at 30 months of age in #Ecohort and the term infants
were assessed othe Bayleylll during the PDPsaessments at 12 and 30 months,

performed by the researchers involved in the PDP study.

The PDP researchers were taught the administration procedure of the Bidylsy

Mrs B Hitchon, the paediatric occupational therapist and National Trainer for
Bayley assessments, who is responsible for the felipwclinics within the North
Central London Network, including UCH. Consistency between assessments the
term andVPcohorts was stried for by following the same administration practices

as those adopted in clinic.
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The administration of theBayleylll took place in the Clinical Research Facility at
University College Hospital argpicallylasted between 3090 minutes depending
on the age and the developmental stage of the chilthe cognitive scale was
typicallythe first scale to be performed in order to ensure scores reflected the full
functional capacity of the childThe challenge of infant and toddler research is
obtaining the neessary data, buin the most optimal condition®efore the child
tires. The cognitivescale was selected abe primary outcome measure for the

assessmenin this instance antherefore @mpletion of this scale wasssential.

The cognitive scalevas seleted and justified athe predominant outcome measure
in review of thenumerous investigationthat previouslyobserved a linlbetween
global cognitive performance and EF measu(@otharstet al, 2012; Lobo and
Galloway, 2013; Bodet al., 2014; Spencemithet al, 2015) Although thescale
hasnot been found toaccount forall variaton in performance at later ages,does
appear to predict those with severe developmental impairme(inderson and
Burnett, 2017) This current investigation set out to explore whether aniial
indications of EF differentiatiowere apparert at 2 and a half years of age a
cohort of term and VP toddlers It was therefore essential to adjust EF
performances by a measure of global cognitive performance to see if any
differences in EBtill remained.In a couple of instancda the current irvestigation
the impact oflanguagecomprehension on task performancess questioned;the
language scales wetberefore additionally explored in greater detalthough all
scales of tke Bayley are reported belowhe cognitiveand languagescores were

predominanty taken forward though the subsequenhapteranalyses.

The results of the Bayld{f comprise of 5 raw scores from each of the scdlethe

following datasets, theaw scoreswere converted into scaled scores whitbok

into consideration theA y T lageiai &sessmeniThe scaled scores were then
converted into composite ¢r standardised)scores; this normalised the scores

around a mean of100 and standard deviation of 15. The composite scores are
calculatedbased ona normative sample ofypically developingchildren and are

used to determinethe developmental stage of ®KA f RQ&a LISNF2NX I yOS
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assessmentaccording to typically developingpeers The measure has been
performed on thousands of children in differercountries so to provide a
standardised representative datasfdr each country. The UK sample included. 22

children aged between 12 andll months and is said to take into consideration
WS23AN) LIKAO NBIA2YyS 3IASYRSNE [(Bafey, 2906)KY A OA (
The use of composite scores reduced thaianceof carrying out the assessment

within a narrowagerange As discusseahis enabledthe clinical24 monthfollow-

up Bayleylll scoresof the VP childrerto be utilised in the 30 month PDP visit

instead of repeating the assessment again during the PDP visit

A topic that frequents the literature surrounding the Bayldyis the insensitivity of
the tool to mid cognitive impairments. The results of the study by Johnson, Moore
and Marlow (2014)reported alow sensitivity of the Baylell at 24 months of age
with a number of children in the mild neurodevelopmental disability range
speculated to have been med Giventhis, the cutoff score of<85was usedto
identify those at possible risk of delayithin this thesis(Aylward, 2013; Anderson
and Burnett, 2017)

3.2 Results
3.2.1 Bayleylll scoresat 12 months of age

Fifty-three full term and 32 VPinfants completed the cognitive scale of the Bayley
Il at 12 monthgseeTable 31 for populationdemographics The mean cognitive
compositescorefor the VP infants was 98.28 compared 107.83 for theterm

infants.
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Term (n=53) VP(n=32)
. Median (range); +2 ol + +2 ;440 +
Gestational age por 40 (37" ¢ 42" 26" (24'°¢ 29"
weeks
Male sex 28 (52.83) 23 (71.88)
IMD Quintile 1 7 5
2 9 9
3 7 13
4 17 11
5 13 6

Table3-1. Population demographics for the cognitive scale on the Baylkwat 12 months.

Very Preterm; n=11 Extremely Preterm;

Total cases; n=32 (<32>27 weeks)  n=21 (<27weeks)

n % n % n %
Cases of IVH/PVH] | 14 43.75 3 27.27 11 52.38
IVH+ Intrave dr:ltgg(‘)‘:]a 7 21.88 1 9.09 6 28.57
'””apalreesri'gmgﬁ' 7 21.88 2 18.18 5 23.81
ROP: 18 56.25 2 18.18 16 76.19
Stage 1 6 18.75 0 0 6 28.57
Stage2 8 25.00 1 9.09 7 33.33
Stage3 4 12.50 1 9.09 3 14.29

CLD/BPD: 28 87.50 7 63.64 100 100
Mid 8 25.00 3 27.27 5 23.81
Moderate/ Severe 20 62.50 4 36.36 16 76.19

Table 3-2. Neonatal characteristics of th&P infants that completed the cognitive scale on the

Bayleylll at 12 months.

At 12 months of ageVP infants cognitive composite scores were on average 9.55
points (.73 (95%Clpwer compared to termnfants(t(83) = 3.90, p < .001yvith an
effect size of .§+.06 (95%CI)Themotor compositescores wereon averagel2.53
points (£ .87 (95%CI) lowe(t(78) = 4.63, p < .001and consistentover the two
subscales, fine (1.73: .16 (95%CIl);8X&3.50, p< .00)) and grossnotor (2.11: .62
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(95%Cl); (1(78=3.79 p < .00)). language had similar score®.11 .62 (95%0Q;
(t(74) = .60, p = .5h

12m Bayleyll scale Term (n=53)  Preterm (n=32) Mean difference

(95%CI)
N 53 32
Cognitive Composite " Mean |
(sD) 107.83 (11.87)  98.28 (9.12) 9.55(+.73) ok
Cognitive score '\gg;‘ 0 (1.00) -80 (.77) 0.8 (+ .06)
N 44 32
Language Composite " Mean |
(D) 100.55 (10.86)  98.44 (17.73)  2.11 (+ 1.12)
Receptive Languag N 44 32
Scaled score '\é'gg')‘ 9.96 (2.64) 9.34 (2.66) 62 (£ .20)
. N 44 32
Expressive Languac
Scaled score '\?Sgr; 10.27 (2.18)  10.09(3.80) 18 (+ .24)
N 46 32
Motor Composite " Mean |
(D) 101.87 (12.24) 89.34 (10.99)  12.53 (+.87)
Fine Motor N 46 32
Scaled scort '\é'ggr)‘ 11.07 (2.53) 9.34 (1.81) 173 (x.16)
Gross Motor N 46 32
Scaled scort '\é'ggr)‘ 9.47 (2.83) 7.09 (2.67) 2.38(+.20) *rx

Table3-3. 12 month Bayleylll compositescores *p<.05; **p.01; ***p<.001;
" Effect sizeof primary measure, cognitive composite score.
Although there was a significant difference between the stadygroups,only one

VP infant scored withithe clinically significant range with a score of Talfle3-4).

Three term infants and four VP infants scor&bon the language scale

12m Bayleyll scale Term (n=53) Preterm (n=32)
N<85 0 1
Cognitive Composite
Mean score (SD) - 75
N 3 4
Language Composite
Mean score (SD) 80 (5.2) 73.5 (6.81)

Table3-4. Count of infants to score within the clinical range (<85)

86



Due to the term infants scoring on averagep@ints higherthan the expeatd
standardisedchorms, zscores utilising the term mean and standard dé&weia of the

composite scores were produced in order to account for the variation between the

two study cohorts.

Table 35 investigates the effect omale sexand IMD quintile on the 12 month
cognitive zscore of the Baylelll. At12 months, study groupvas the only variable

to have gpredictive effect on thel2 monthcognitive score outcome.
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Table3-5. Linear regression model with outcome as 12 month cognitivecores(F(3, 81) 5.45, p = .00L The base group was set as the term born femalgt an IMD

quintile of 1.

Predictor Term (n=53) Preterm (n=32)

Median (range) Median (range) Coef 95%Cl P

Study . i .79 -1.22¢-37  .000 —
Group
Male Sex 28 (52.83) 23 (71.88) A2 -.30¢ .54 .56 .
IMD

- 4 (1 1 . -.07¢. . T
Quintile (+5) 3 (15) 08 07¢.24 30
Cog . . r r .
score _34 _ggc 31 31 -1.5 -1.0 -0.5 0.0 0.5 1.0
(const.) efficient (95%Q)

Overall model fit R=0.17



3.2.2 Bayleylll scores at 2 years

Twentyfour full term and 26VPinfants completed the cognitive scale of the Bayley

Il at 22.5 years (sedable 36 for populationdemographick The mean cognitive
compositescore of the VP infan@vas10002 YLJ NBR (2 G(KS G SNY
105.

Term (n=24) VP(n=26)
Gestational age Median (rijnge); 40"%(37°¢ 42" 262 (23"¢ 29"
weeks
Male sex 14 (500 21 (72.4%
IMD Quintile 1 5 5
2 4 3
3 4 10
4 9 7
5 6 4

Table3-6. Populationdemographics for the cognitive scale on the Bayldlat 2-2.5 years.

Total cases; n=26 Very Preterm; n=8 Extremely Preterm;
(<32>27 weeks) n=18 (<27weeks)

N % N % N %

Cases of IVH/PVH] | 12 46.15 2 25.00 10 66.66

IVH+ Intraventricula 7 26.92 0 0 7 38.89
dilation

Intraparenchymal 5 19.23 2 22.22 3 16.67

lesion/PVL

ROP: 13 50.00 1 12.50 14 70.00

Stage 1 5 19.23 0 0 6 30.00

Stage 2 5 19.23 0 0 6 30.00

Stage 3 3 11.54 1 12.50 2 10.00

CLD/BPD: 25 96.15 7 87.50 18 100.00

Mild 9 34.62 3 37.50 6 33.33

Moderate/ Severe 16 61.54 4 50.00 12 66.67

Table3-7. Neonatal statistics for the/P children that completed the cognitive scale on the Bayley

Il at 2years.
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2-2.5year Bayleyil Term (n24) Preterm (n26) Mean difference

scale (95%CiI)
N 24 26
Cognitive Composite I\?Segn 107.71 (12.42) 101.92 (12.81) -5.791(:3.9&
Cognitive score I\?Segn 0(1) -47(1.03) "47.1(3',\05(
N 14 26
ranguage Composite '\é'segr)' 119.43(10.41)  97.81 (18.23) '21'?320(.'%;-452 "
Receptive Languag N 14 26
Scaled score l\élggf)l 13(1.75 9.65(2.80 -3-351(;3-)8“ p—
Expressive Languac N 14 26
Scaled score I\?Seg;l 13.57(2.69 9.5(3.82) -4-071(.';57-)18C R
N 9 26
Motor Composite h?segn 117.44(15.91) 9458 (11.86 -22.?;5?53.5& -
Fine Motor N 9 26
Scaled scort 'E’I'gaR“) 12.33(1.66  9.92(1.92) '2'41_%&3 G-
Gross Motor N 9 26
Scaled score 'E’I'gaR“) 13.44(4.18 7.88 (1.93 '5'56£'_2582c T

Table3-8. Bayleylll scores at 2 year time pointp<.05; **p<.01; ***p<.001

" Effect size of primary measure, cognitive composite score.

In contrast to the scores at 12 months, a5 years the cognitive composite scores
of the VP children showed a lesser deficit compared to term children (difference in

means: 5.0:12.98¢ 1.40(95% CI)(z(48) = 1.84, p = .07)).

VP infants scored sidimantly lower in language (difference in means 21.62 points;
12.4530.79 (95% CI)t(38) = 4.77, p < .001)) which was consistent over the two
subscales, receptive (difference in me&n35;4.81-1.88(95% C|)(t(38) = 4.64, p <
.001)) and expressive lgnage (difference in mears07: 1.97-6.18 (95% CI)t(38)

= 3.93, p <.001)); and motor composite scores (difference in meal3 goints;

10.1535.58 (95% CI); (z(33) = 3.39, p < .001)) and subscales, fine (difference in
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means2.41 .99-3.83(95%Cl);Z(33) = 2.93, p < .003)) and gross motor (difference
in meanss.56: 2.3-8.82(95%Cl); (z(33) = 3.41, p < .001)).

Both the cognitive and motor composite score were compared with Mann Whitney

U tests due to the marginal skew in both data sé&tig(re 31).
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Figure3-1. Frequency distribution of the cognitive (A) and motor (B) composite scores collapsed

across study groups.

No term or VP born children scored within tleénically significant range fdhe
cognitive scaleat the 2 year assessmenvhen taking <85 as the cut dffable 39).
NineVP children displayed language scores within the clinical range, with one infant

scoring within the clinical range at for bognguage scores.

2 year Baylejll scale Term (n24) Preterm (n26)
N<85 0 0

Cognitive Composite
Mean score (SD) - -

N 0 9

Language Composite

Mean score (SD) - 78.33 (7.05)

Table3-9. Count of children within the clinically significant range of <85
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Again, the term infants scored on average 5 points higher than the expected
standardised norms, therefore thestores utilising the term mean and standard
deviation of the composite scorewere produced in order to account for the

variation between the two study cohorts.

Table 310 exploresthe effect ofstudy group,male sexand IMD quintile on the
yearcognitive zscore of the Baylelll. At 30 months, study group did not have any

predictive effect on the cognitive score as the outcome.
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Table3-10. Linear regression model with outcome as 30 month cognitivecbres(F(3, 46) = 1.21, p .32) The base group was set as the term born femabath an IMD

quintile of 1.

Predictor Term (n=24) Preterm (n=2%

Median (range) Median(range)  Coef 95%CI P
Study ' " i
Group - - -.38 -1.01¢ .25 23
Male Sex 14 (50) 21 (72.41) -.09 -.73¢.55 .78 b f {
IMD
Quintile 4 (15) 3 (1-5) 12 -12¢.35 32 e
Cog
score -.36 -1.30¢ .57 44 s 1.0 05 0.0 05 1.0
(const.)

oefficient (95%Q)

Overall model fit R = 0.07



3.2.3 LongitudinalBayleylll cognitive scores

Eighteen termand 22 VPinfants completed the cognitive scale of the Baylkyat
both time pointsmonths (seetable 311 for populationdemographics The mean
cognitive composite score for the VP infamsreasel by 2.5 points (+ 1.51(95%C))
compared tosmaller.27 point rise (= 2.08(95%Cl))for the term born infants The

effect size within the terrborn infants was03 and within the VP .27.

Term (n-18) VP(n=22)
Gestational age Median (range); 40" (38" ¢ 42" 26" (240 ¢ 29
weeks

Male sex 28(52.839 23 (71.889
IMD Quintile 1 2 5

2 4 3

3 3 5

4 4 7

5 5 2
f;r?]”'t've composite Mean (SD) 105.56 (13.92) 99.09 (9.08)
Cognitive composit&

Mean (SD) 105.83 (11.28) 101.59 (13.31)

years
Mean Difference (95%Cl) 27 & 2.09 2.5 (x¥1.51)

Table 3-11. Longitudinal population demographics for the cognitive scale on the Baylewt 12

months and 22.5 years

Table 312 and figure 32 shows the correlation coefficients between the cognitive

scores collected at 1&onths and 2 year time points.

Bayleylll scale Cognitive Composite
N Correlation Coefficient (p)

Total Cohort 40 .31 (.05)

Term 18 .31 (.22)

Preterm 22 27 (.23)

Table3-12. Correlation coefficients between the 12 month and 2 year cognitive Bayllégcores
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. 12 month and 2 year Baylelll correlation data for Term and Very Preterm children

Table 313 displays the outcome of a random intercept linear mbeftect model

with cognitive composite scores at both time poirds the dependent variable,

participantID as the random effects identifier and age of testing nested within the

model. Study group was a significant predictor of the overall cognitive score, with

the preterm regression coefficient 66.55. The age of the assessment was not a

significant preditor of the outcome, nor was male sex or IMD quintile
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Table3-13. Mixed effects regression model with outcome as cognitive scores over the 12 month and 2 year Bydésgessments. Only children with both time points
6SNBE AyOfdzZRSR AGKAY G(GKS Y2RSTt dindekwithinLtiesedel Orhiezbhise §roud \Bal sewak the 12 mdhth tognytid sdorzintlye ltefm

born females with an IMD quintile of 1.

Predictor Term (n=18) Preterm (n=22)
Coef. 95%ClI

Median (range) Median (range) P
Age i i 211  -2.01¢6.24 31 , , ,
SWdy 53385429 26°(24°29%) 655  -11.86--1.23 02 | : |
Group
Male sex 9 (50%) 18 (81.82%)  3.09  -2.42¢8.60 27 = = =
IMD H—+—
Ouinile 4 (1-5) 3 (15) 1.04 -.88¢ 2.96 29
Cog 15 0 5 "o 5 " 10
score - - 100.73 92.93¢ 108.63 .000 i ,
(const.) efficient (95%Q)

Wald chf = 8.94, p = .06



3.2.4 Z-score analysis

Consistent with previous research, the term infants in the current cohort scored

higher on the cognitive scale of the Baylélythan typically expected when utilising

the normalised means provided by the todue to this higher mean within the

term group z-scores were calculatedfor both cognitive composite scores at 12

months and 2 years and will be used for all global cognitivgperformance

adjustments withinsubsequent analysis chapteiBy formulating a-scorebased on

the term born infants performaces,a clearer interpretationcan be mades to how

the VP infants perfornin relationto the controlson each of the EF, IP and attention

tasks once global cognitive performante adjusted for Table 314 collates the

scores at both assessment ages.

Term VP
Male 28 (52.8%9 23 (71.889
12m Cognitive IMD Quintile
scores (Median;IQR) 42 3(2)
Composite
(n=T:53; VP:32) (mean: sd) 107.83 (11.87) 98.28 (9.12)
z-score
(mean: sd) 0 (1.00) -.80 (.77)
Male 14 (504 21 (72.4%
24/30m Cognitive  IMD Quintile
scores (median; IQR) 42 3(2)
Composite
(n=T24 VP:F)  (mean: sd) 107.71 (12.42) 101.92 (12.81)
z-score
(mean: sd) 0 (1.00) -.47 (1.03)

Table3-14. Cognitive composite and-gcoresfrom the Bayleylll assessment at both 12 and 24/30

month time points.

3.3 Discussion

The primary goal of the current thesis is to further our understanding of the VP

OKAf RNByQa

O23ayAlGADS

FoAf AGASE

i KNR dz3 K

interest in determining any specific EPP and attentionadifficulties. Thus, it is of

high importance to have a global measure of cognitive performanaeterstand

if any difficultiesobservedin later specific tasks are in line with general ability, or

impaired above the level expected.
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The results of the Bayldyl cognitive scalavithin the current investigation found
the term infants scord on average 7 points higher than tMPinfants at 12 months
of age and5 points higher at 2 years. Although the term infants displayed a level of
consistency in the scores at each age point, when looking within infants that had

two measures there was a nongitudinalcorrelation observed.

Within the preterm literature, a prminent question is how early delays or
impairments can be accurately detected in order to develop successful, targeted
interventions(Spittle et al, 2007) Previously, Baylell cognitivescores at 2 years
have been reported to correlate with later cognitive performance abili{@sdeet

al., 2014) limited evidenceis availablefor the predictive validityat 12 months
(Lobo and Galloway, 2013)he VP infants displagieamarginalincreasen cognitive
score at 2 years,however, when exploring those with two time longitudinal
measures, using pairwise correlatiofigure 32 displays theweak correlation
between the scorescross the twoyears. This draws into questiothe reliability of
the scoresas ameasureof cognitive performance over the two yeawlthough it
could be argued that the absence of a relationship between the 12 and 30 month
scores reflects a discontinuity between the measures; the 12 month Béyley
scores cannot be discounted without additional folloys. The increase iWP
scores at the two year assessment but poor correlatitmthe score at 12 months
could suggest that some of th¥P infants are displaying an improvement in
cognitive ability, but others a decrease. This would not necessarily infer th
cognitive score at 12 monthsancorrect, buit would make it a poor predictor at 2
years. As seen in previous studiésy example theinvestigation by Lobaand
Galloway (2013), the 24 month assessment is a better reflection of later
performance in preterm infants;it could therefore be postulated that the
performance differences here are showing more stabilitythy age of 2 years
Which of the scores, eithaat 12 months or 2 yeas, isthe more accurate reflection

of later abilitywithin the current cohortwill require further folow-up beyond the
current investigation However, the validity of this measure can be explored in

NBflFOGA2y (G2 GKS (62 O2K2NIQa LISNF2NXIyOS:
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will provide an insight into how well the measures are evaluating thiitias in

relation to these cognitive skills.

There has been much discussion within the literatuegarding thescoreusedto
define developmental delay within the Baylelf (Aylward, 2013; Johnson, Moore
and Marlow, 2014; Anderson and Burnett, 201Pyeviously, the Bayldy had a
combined cognitive and language score called the Mental Development (2R
and wa highly regardedor many years(Johnson and Marlow, 2006; Johnson,
Moore and Marlow, 2014)Upon the itroduction of the Bayleyll, where the
cognitive and language assessmentgere separated into independent scales
although the Bayleyll scorescorrelated with the previou$DI scores, the Bayley
Il appeared to be producing scores approximatéiO ponts higher making
scores of 107the norm not appropriate fora standardised measurAylward,
2013; Johnson, Moore and Marlow, 2014)

Johnson, Moore and Marlowxplored thedifferencesin scoresin a study in 2014

with a cohort of extremely preterm infants. The conclusion reached was a cut off of
<85 on either the cognitive or language scatemore representative of moderate

to severe neurodevelopmental delay than the previously used score of <75. This
higher cut off was more in line with those that had previously scored within the
neurodevelopmen impairment range of<70 on the MDI(Johnson, Moore and
Marlow, 2014)

Other methods of dealing with this discrepancy include using Developmental
Quotient (DQ), geerated by dividing the developmental age by ttleronological

age and multiplying by 10Milne, McDonald and Comino, 2012)his theoretically
provides an estimat rate of development relative to a standardised sample.
However, when investigating a group of children born preterm, particulzijond

the age of2 years of age, there is often disagreement on whethecdatinue to
adjust for theO K A €oRe@tadage or usetheir chronological ageTheuse of this
measurecan thereforebe hard to justify(Rickardset al., 1989; Sugitat al., 1990;

de Jonget al,, 2015) This method also assumes that the standard deviations of the
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scores are comparable for all eyehowever, that is not always the case and

therefore the DQ could be considered less pre¢fsederson and Burnett, 2017)

Within the current cohort, no toddler scored within the mild to moderate clinical
range for the cognitive score at42months (cogitive score <85). It could be
postulated that the current results illustrates the poor sensitivity and predictive
validity of the Bayleyll comnonly reported in the literature, andnild cognitive
impairments are not reflected in the scor¢dnderson and Buett, 2017) When
comparing to previous studiethe currentresults of the Bayleyll appearunusual
from acohort of children born before 32 aeksof gestation Previouslyin a cohort

of toddlers born at <30 week41% of the infants tested scoredithin the mild to
moderate impairment range at 24 months (<§SpenceiSmithet al,, 2015) These
results echoedhe study by Bodest al, (2014)who reported 18% of VP infants to
score within mild to moderate range (GA <30 weels) investigation intothe
cognitive performance of extremely premature infantbirth at < 27 weeks
gestation) at 2o 3 years 6 age reported 10.2% to score <85 on the cognitive scale
(Johnson, Moore and Marlow, 2014hese results arenot supported inthe current

cohort,where69% of thenfants were born at <27 weeks gestation

These high Bayleyll scorescould bea reflection oflower neonatalrisks within the
cohort. Fbwever, in the investigationby SpenceSmithet al, (2015) 9% infants
were reported to have had a IVH grade 3 or over comparetiogs of the current
cohort, and 31% of the infants repatlly suffered with BPD compared 61% of
the current cohort Although these characteristics have not beeonsistently
related to later outcome this s likely due to the difficultyin categorising the
severity of liness within premature cohorts; previsureports have found
associations between these conditions and later cognitive performafiaeset al,,
2009; de Mello, Rodrigues Reis and da Silva, 28&Me prevalence levels of these
neonatal conditions do not differentiate the cohortdiscussedirom the current
cohort, the high Bayleylll scores of the current population caltherefore indicate
the infants recruited onto the PDRre displaying a more typical trajectory

However, given what is known about preterm development ainkn themean
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gestational age of the cohofapproximately26 weeksgestatior), evidence would

suggestthis isnot likelyto be the case

Although the sensitivity and specificity of the BaylByscores are still being
explored within the literaturethere is some evidence that suggeptsformanceat

2 yearsmay have a level of predictive validifgr cognitive functioning later in life
(Bodeet al,, 2014; Spencetmithet al, 2015; Breemaret al, 2016; Linselét al,,
2017,In pres3. Bode and colleagues found a correlation coefficient of .81 for the
cognitive scale and .78 for the language scale of the Bayleyhen comparing
scores to those collected in the WPHIEkt 4 years of age in a group of preterm
children (Bodeet al, 2014) SpenceiSmith and colleagues also investigated the
predictive nature of the Baylell at 2 years on later futioning using the DAS in

a group of very preterm childrerreporting a low sensitivity of the measure at
detecting those within the mild to moderate rang8penceiSmithet al., 2015) In
contrast, an investigation into therelationship between cognitive function in
childhood through to adulthood in a cohort of very preterm or low birth weight
infants, by Breemanet al,, (2015) reported alevel of casistency withincognitive
scores measuredat 20 monthsof ageto 1Q scoreseported in adulthood even
when excluding those within the severe range. Tligarly illustrates the

discrepancies within the literatuneegarding the use of the Baylé¥.

From this exploration into the Bayldly scores at 12 and ¥ears it can be
concluded that there is an overall performance difference between the term\é&nd
cohorts on global cognitive functiodlthough none of thetoddlers score within

the clinicallysignificant range at the 2 year time poifadr the cognitive scale, this
does not rule out subtlempairmentswithin the VP group, and compared to the
term born infants there is a significant difference between the cohorts over the two
time points Due tothis difference andjiventhe discrepancies with the Bayldy
normative data within the literature, it is likely that the term born infants within this
study are a better reference point for global cognitive performanioeorder to
ensure performance aross subsequent task analyses@nparable,the z-scores

calculated based on the term performanae each ageoint will be used to adjust
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for global cognitive performance. For the tasks analysed in the first year, the 12
month cognitive zscores will baised, and for those conducted at 30 months the

yearz-scores will be used.
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Chapter 4 Executive Functions

EFs are considered tappwn processes that influence the more routine or
fundamental cognitiveskillsthat have been automated over time following learning
and repeatedpractice(Burgess, 1997)The progression of automatic processing to
higher order functioning, allows for mercontrol and processiriven behaviours
that facilitate ourability to plan, troubleshoot and handle novsituations(Gilbert
and Burgess, 2008peficits in these abilities can lead itapulsivityand distractible
behaviours(Hughes2002)as well as difficulties imonceptual reasoning and later
academic achievemeni®ylward, 2008)Children born preterm consistently show
poorer performance on EF tasKsloward, K., Anderson, P. J., & Taylor, 2008;
Mulder et al, 2009; Mulder, Pitchford and Marlow, 2011b; Rose, Feldman and
Jankowski, 2011, 2012; Aarnoudg®enset al.,, 2013)

Quantifyingthese cognitive processes has proved a challenge for masgarch
groups due to the inteelated nature of these skills, in additido the associated
social and emotional influence®urgess, 1997; Gilbert and Burgess, 2003)e
understanding of the three sub domains of EF: inhibition, workingnorg, and
cognitive flexibility have driven the development of EF assessmente
predominantly focusig on one EEomain overthe others. For examplenhibitory
based tasks commonlyequire the individual to overcome a&trong stimulus
associatedresponse;working memory tasks require the holding of information in
mind over a period of delaytastly, cogrive flexibility tasks require switching
between rules or conditions or between two or more stimuhessed responses
(Gilbert and Burgess, 2008)owever, as discussed, assessing one alonmcurs
the use of theothers because of the common factotsetween them, described by

the unity and diversity modé€Miyakeet al,, 2000; Miyake and Friedman, 2012)

When studyinghe development of EF, research suggests thate skills improve
with age (Beveridge, Jarrold and Pettit, 2002yith a substantial amount of EF
reseach focusing on prschool and early school aged cindd. Age-related changes

in EF abilitiesre often reflected irtask complexity. For example, younger children
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are more likely to score poorly on tasks wabmplex rules than older children who
have the abilities tocomprehend,remember and executethe task instructions
(Hughes, 2002)n older chitiren, this allows task parameters to be altered in order
to assess the contribution of different EF domains on cognitive performance,
providing a within subject understanding of EF maturity, such as working memory
load capacity (Hughes, 2002) However in very young children, this is not
necessarilyeflective of EF ability, but rather of language and/or motor abilities that
could hinder the completion of the task. Therefore emphasis has been placed on
the importanceof age appropriate assessments for targeting EF in infancy and early
childhood (Best and Miller, 2010)and can constrain assessments to specific

methodological structures

Studies into the developmental trajectory of EF and the emergence of the sub
domains have produced cditfting results potentially due to the restrictive nature
of infancy capabilities when attempting to target the different EF domais.
general consensus within the literatungroposesall domains emerge andhow
signs of development during preschool ygawith working memory and flexible
thinking showing continued development intdolescenceand beyond(Best and
Miller, 2010; Roebers, 201 7yielding support for the unity and diversity model
(Miyake et al, 2000) These developmental changes ki ability are thought to
reflect, in part, the adaptations of thdrontal lobe during developmentThe
prefrontal cortexis considered to predominantly goverBF abilitiefSun and Buys,
2012a)

The growth of the frontal lobe isprotracted in human deslopment. Pefrontal
adaptationsincluding synaptognesis and myelination occuate in the pre and
perinatal period. It has been postulated that this area may be vulnerable to
disruptions such as hypoxic eventsluring preterm birth (Espyet al, 2002)
Although the causality of EF defisi observed in eypreterm populations is
unknown, there are repeated reports of smaller regional volumes, sucthas

frontal lobes, basal gangl@nd cerebellum, as well as disturbances in subcortical
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white matter, correlated with poorer EF outcomes iex-preterm populations
(Nosartiet al., 2008; Sun and Buys, 2012a; Taylor and Clark, 2016)

Impairments in EF are typically reported in later childhood forpesterm
populations, the size of the deficit being proportional to gestational age at birth
(AarnoudseMoenset al, 2011) Whether the deficits observed are specific to one
EF domain or a morgeneral disabilityin the literatureis undecided as detailed in
section 1.2 In any regard, two metaanalyses investigating xeterm
performances on EF related taskeported a consistent deficit in EFs across the
preterm literature (AarnoudseMoens, WeisglaKuperusget al., 2009; Mulderet al.,
2009) In contrast to the widelynvestigded difficulties observed in Eid later life,
there is alimited understandingn the literatureof when these deficits first emerge

in preterm populations

In infancy, a number of studies have reported poorer performances -relgted

tasks in preterm cohort® { dzy' = a 2Kl & |yR hQ/Iffl3IKIYyZ
2013) For example, preterm infants have beeported to display poorer working

memory abilities in response to theot-B paradigm at 70 8 months of ag€Sun,

az2zKlF& |yR hQ/,baniHave dfolhygdpoorenieadhing to the conjugate

mobile reinforcement paradigm at 3 months of afjeobo and Galloway, 2013)

| 26 SOSNE (02 GKS FdziK2NBRQ 1(y2¢ft SRIASE y2
trajectory of these abilities over the first year into the toddler yedtss unclear

how deficitsobserved in the first year fit into the older cognitive profile of children

born preterm

Presschool and older children have been extensively studied in the very preterm
population (Espyet al, 2002; Vicariet al, 2004) but very few studies have
investigated EF performande toddlers (Rosset al, 1996; Pozzettet al., 2014) In
those that have, the results of EF tasks are miken.example in a study Bosset

al., (1996) significant differencebetween 28 month old term and preterm toddlers
were reported on a hidden object task (a working memory assessment) and a

reverse reponse setparadigm (a cognitive flexibility assessment). In contrast,
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Pozzettiet al. (2014)only reported differences between preterm and term born
toddlerson cognitive flexibilitymeasuresDifferences between these investigatisn
from population demographics, to task proceduresuld explain thesefindings.
The absenceof investigations into this age range leaves a large gap in our

understandingon the emergence of deficits in preterm populations.

The current investigation aims to provide additional evidence by exploring EF

abilitieswithin a longitudinal cohort.

The following chapter usesstablished investigations to understand the relationship
between emerging EF over the first 2 yeafter birth in a very preterm population

and more conventional measures of developmental outcpthe cognitive scale of

the Bayleyill. It is hypothesised that differences will be observed in EF
performances across both the first and second year assessments. Due to the nature
of the development of EFGurrently there areno establishedtasksavailable that
assess Eabilitiesin the both first and second/ears. Thenecessity ofncreasing task
complexity with agen order to challenge EF performanaasfortunately hampers
direct comparisons between the tasks from the first to the second year.
Nevertheless, a detailed observation of EF abilities over the first two years, in a
population in whom difficulties are predicted could provide a clearer theoretical
understanding of how EF develops. With this greater understanding, better
detection of ealy difficulties could be established. Subsequently, custom targeted
inventions then could be developed taptimise the developmental trajectorie®f

children showing signs of early delay.

The EF tasks will be reported in age order to acquire an undersiguafi how

differences in EF performance evolve with age.
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4.1 Methodologies and procedures
4.1.1 Delayed Response Task (DRT)

The Delay Response Task (or DRT) was administered at the 6 month time point, with
the version used similar to that used Bghwartz and Reznick, (1928d Nolandet

al. (2010) using ocular movements to determine correct responses (developed
originally by Gihore and JohnsoKi1995)). The current task design was developed

by Natasha Mooney, who has an abstract on her work with this task published in
DMCN.

The premise of this task in the first instance is to assess early working memory
capabilities by presenting the infant with stimulus in a specific location and
assessing their ability to remember this location after a delay. The DRT format has
been a long established assessment of frontal lobe function both in human and non
human primates(Fuster, 1973)Improved performance in such task were noted
from 6 to 12 month infantdy Diamond and Doarin line with prefrontal cortex
development(1989) A delayed responseask was selected due to its established
success in the literature for determining early cognitive functioning in infants
(Garon, Bryson and Smith, 2008hdthe welkknown link between the frontal lobe

and EF performnce (Diamond and Doar, 1989At 6 months of age, infants have
been shown to be able to retain information in mind for a period of a few seconds,
and this ability increasesith age. The success ather EF tasks, for example the A
not-B paradigmare typically confounded by immature motor and planning abilities
at this aggThelen, Corbetta and Spencd996) Thereforeocular movements were

utilised for this paradignio provide the best reflection of EF performance.

In preterm infants, there is limited research utilising Delayed Response paradigms
at 6 months of age. The majority of investigatiayur in the second half of the
first year, utilising paradigms such as thexét-Bo { dzy = a2 Kl & | YR
2009; Sun and Buys, 2012a)
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4.1.1.1 DRT Apparatus and methodology

The DRT apparatus consisted of a 90 x 60cm screen securely fastened to a narrow
table 72cm high. The screen contained 2 windows of the same dimer{dsom x

21cm) cut Tm in from each side of the screen ancm from the top. On the back

of the screen, a roller blind was secured at the top with a pull that would lower and
raise the curtain during the task. The infant was sat on the parent or guardipns |

on a chair in front of the screen. The chair was adjusted so that the infant was
positioned in the centre of the screen and approximat&Ocm way. During the

task, a camera was secured to the top centre of the screen so that the infant was in
full view and their eye gaze fully visible. The experimenter sat behind the table. A
black cloth was laid over the table, beneath the screen, to obscure the

experimenter sabehind

During the task, 2 stimuli were presented to the infant from the windows in the
screen. In this version of the task, a neacial stimulus, or a social stimulus was
presented. The nosocial stimulus was one of two rattles, either a round rattle
comprised of 2 pink bowls filled with rice, and decorated with pompoms, or the
typical shap of an infant rattle with a stem and oval end in blue, yellow and red
colours, but was not a common toy that the child was likely to have come into
contact with. Neither rattle displayed any social reference and when shaken in the
windows of the screen ding the task, was held in a way that did not display any

LI NG 2F GKS SELISNAYSYGISNAQ o62Red ¢KS

ax

themselves, presenting their face in the windows of the screen. Upon presenting
their face in the window, the experimenteravdzt R al & WI Sttt 2 FAY Tl y
AY Ly SyiGKdzaAlFadAO YIFIYyYySNI G2 OF LJAdz2NBE (GKS

The DRT comprised of 3 test phases; atpst phase and a social and a rsocial
condition. The infant was first shown the prest phase where a pairecbmparison
screening took place. The comparison displayed both the-sommal stimulus and
the experimenters face simultaneously, one in each window. Simultaneous

comparison presentation was repeated twice, alternating the stimuli between
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windows in the tvo trials. The order of the side of social stimulus presentation was
counterbalanced between infants. Preceding the-pst phase, either the social or
non-social condition was initiatedthe order of which was counterbalanced

between infants. Both conditions started with the lowering of the roller blind. Once

at the bottom the experimenter waited for 3 seconds before lifting the blind again,

being careful not to expose any of their bodythe infant through the windows of

the screen. Once the blind was lifted, the experimenter waited for 5 seconds before
either presenting the nossocial stimulus osocial stimulusn one of the windows.

This 5 second delay was the response window forinifent to direct its gaze to the

previous stimulus presentation window, where theshould be expecting the

stimulus to reappear (this was not possible on the first trial as no trial had
LINBOSRSR (KAaoO® ¢KS WOIFffQ 2eEon®leddiKinO2y RA
2NRSNJ (2 2NASYd GKS AyTFlrydaQ | (GSeahAiAzy
stimulus was rattled for 5 seconds, and the experimenter called the infant using the
phrase above whilst at the window. The roller blind was then loweradl the next

trial would begin. The infants gaze was recorded in the response window after the

completion of the first trial, when the curtain was -opened before the

presentation of the second stimulus condition.

¢CKS AYTFIYyiQa Ay A ihéidpdningDdF theQurt&ih odBaohitiaPwas | F i S
recorded as correct or incorrect according to the side of the preceding stimulus
presentation(Rezniclet al,, 2004) Due to this, the first trial performed could not be

recorded as a test trial for the first condition as there were no preceding trials. A

total of 10 responses for each condition was required from the infant, therefore to
acheve this, 10 trials were conducted for the first condition, and 11 for the second.

The first trial of the second condition was still and assessmemtooking memory

for the previous condition as the response window precedes the next new stimulus

presentdion. For clarity, please sdgure 41.

The sound of the roller blind was clearly audible within the videos and was used to
determine the start and finish of each trial. Upon hearing the roller blind lift, the

direction of the infan® first look was mi&ed as the response to the previous trial.
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If the infant looked towards the location of the previous stimulus, a correct
response was awarded. If the infant looked tods the incorrect direction, an
incorrect response was recorded. If the infant failedlaok at the apparatus in the

response window, this was recorded as not looking.

The total number of correct trials for each condition was recorded then divided by

GKS G201t ydzYoSNI 2F GNRAIf a offORNNNGBEIGHD of 2 O
condition. Although the aim was to obtain 10 trials for each condition, this mais

always possible due to the temperamteof the infant. The results were collapsed

across conditions,ut a minimum of &ompleted trials per conditiomwere required

for infants to be included in the analysito ensure there was nsocial biaswithin

the results

b2NXIf RAAGNAROdziAZ2Y 2F (KS UYesoMBscazindi A 2y O
out to comparethe study group performancegterm vsVP. The number of trials

where the infants were not looking (total ndboking), were not normally

distributed andtherefore were compared using MarWhitney U-test. The variable

aSt SOUSR | LINKA2NRA G2 0Sad NBFESOU UGUKS LX
02 NNB Ol Q ® model Wa Briidbced viit® tyiis main performance variable as

the outcome measure, with the specified predictors stated in chapter 2 se2ti®n

additionally included
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Figure 4-1. Trial procedure and counterbalance order of stimu
Infant presentation in the Delayed Response Tagls the response windo
precedes the stimulus presentation, the caact response is the sic

Infant of the preceding trial presentation.
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4.1.2 A not B ParadigmAB task)

At 12 months of age, Blvas measured using a task with a similar format to the
delayed response task, the Piagetian A not B paradfiiBn(Piaget, 1954; Diamond,
1985) TheAB paradigm is a longtanding assessment of EF, particularly working
memory in children within their first year and h&mngbeen considered to reflect

developmental milestonefRose, 1983)

The administration used the standard methdthe task requirechifant to attend to

a stimuluswhilst it washiddenin location1 in the first instance. This primary step of
the taskrecruitsattentional controlin orderto later correctly reach for the objedh
location 1 (Reynolds and Romano, 201@jollowing two correct retrievals,he
object hiding location was switched and the infant had to inhibit the established
prepotent motor response that gave rise to the reward of the toythe first two
trials. If the infant correctly identified the toy following the switch, the procedure
was repeated and a delay was imposed befthe infant was allowed to search on
subsequent trialsWorking memorynetworkswere therefore challenged following
the short delag (Schwartz and Reznick, 1999; Estyal, 2002; Reynolds and
Romano, 2016)When the infant did not correctly identify the toy following the
switched hiding location,he task was terminated and the infant was terméal

KIS aKz2gy (KSBot-LIDNBESSNBNIG A S W!

TheWhot-. Q SARNMBNBas been found to emerge between 7 and 8 months
(Wellman, Cross and Bartsch, 1987)om this age onwards, performance has been
shownto display marked improvements with age, with the length of delay tolerated
increasing over the first yegDiamond, 1990; Thelen, Corbatand Spencer, 1996;

Garon, Bryson and Smith, 2008his task therefore is seen a good reflection of EF

capabilities at 12 months

Previous studies with preterm infants have found mixed results on this(teskde
Weijer-Bergsma, Wijnroks and Jongmans, 2008jhlighting inconsistencies in this

population. Significantly higheAB errors have been reported in preterm infants
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compared to term born peers at @un and Buys, 2011and 10 months of age
(Ros<=et al, 1992)when corrected fo prematurity.In contrast,n 6 to 14 month old
infants longer delayshave been toleratein preterm infants over terms born
controlsbefore the AB error was observedMatthews, Ellis and Nelson, 199@he

latter study however, utilised a nereaching version of theAB paradigm, allowing

for the younger ages to be assessed and included preterm infants considered to be
low-risk as their mean prematurity wa81.9 days. This therefore could explain the
discrepancies with other population reports. Inyaregard, performance differences

are not conclusive, and the literature calls for further investigations for additional

clarity.

4.1.2.1 A-not-B Apparatus and methodology

Figure 42 illustrates the apparatus used for this paradigm. The infant sat on a
parent/carer@ lap on one side of an elongated table with the experimenter on the
other. The testing table contained two wel{g0cm x 10cmpf a depth of8am.

Within these wells, the experiment hid a toy for the infant to find. In a-test

period, the infant wasgiven the toy to play with for a period of time before
commencing the task, so that there was a desire to locate thelt@ne toy did not

create any level of enjoyment, the toy was changed as it was important the child
displayed some interest in the @zt being hidden. Once the piest period was
complete, the task initiated by hiding the toy in the left or right well. The toy was
placed into a well when full attention of the child was on the toy. As the toy was
placed into the well, the experimentet G I 6 SR WL Y KARAYy3I (KS
experiment then simultaneously covered both wells with the 2 orange cloths
illustrated inFigure 2 ¢ KS SELISNAYSY(diSNI G6KSy | &a1S8R
combination with a hand gesture where they opened bb#nds and raised their
shoulders. If the infant correctly identified the well containing the toy, the child was
allowed toplay with it for a short periodf kthe toy was not correctly identified, the

experimenter initiated the second trial. Each trialdoved the same format.
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The initial well the toy was hidden in, was counterbalanced between infants to
avoid any bias (pleasseeTable 41). The criterion set for the paradigm, asked the
infant to correctly identify the toy in the same location on 2 cangere trials
before the location of the toy was switch to the alternative well. Upon correct
identification after a switch, a delay of 5 seconds was introduced, where the
experimenter paused after placing the toy in the well and covering the cloths. The 5
seconds was counted out loud whilst maintaining the/ Tdeyeig&xe. The infant

was then asked to locate the toy again. If the infant again located the toy on 2
consecutive trials and on the switch, the delay was increased by another 5 seconds.
This cotinued until the child made an error on the switch trial. If the infant did not
O2NNBOGfe ARSYydGATe G(GKS G2& 2y (GKS &a¢6A0GO0OK

task was terminated.

CKS AYyTFlIyldlaQ NBalLRyaSa oSNBE @Rd&w&avasNE 02 NF
coded according to the delay that the infant reached. For example, if the infant
reached the 10 second delay after previously correctly selecting the location of the

toy at 5 seconds, and then proceeded to meet the criterion and find the toy
correctly on two consecutive trials with a 10 second delay before not correctly

finding the toy on the switch, the infant was given the score of 10 forABerror.

All infants included in the analyses were required to meet the criteria for the switch

at ead level. Although an infant may pass the first level, on occasions, the task was

not completed, and therefore the level at which th# error occurred was not

achieved.

The variable selected a priori to best reflect the performance on this task was the
AB error. Theordinal natureof this variable dictated the use ofMann-Whitney U

test to explore any group differenceslthough the same statistical procedure
stated in sectior2.3was followed to explore the datarhe regressiomodel fitted

was an ordinal logistic regression with tAB error as the dependent variable and

predictors included were consistent with the procedure stated in se@i8n
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Figure4-2. lllustration of A not B apparatus including table dimensions; trial counterbalance order;

and paradigm procedure table
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4.1.3 Dimensional Change Card Sort Task

¢tKS W5AYSyarazylt [ KIy @sélazd, FrigRand{RApNg] 1986t a |1 Q
Zelazo, 2006)as the EF task administered at 30 months of age with a predominant
focus on cognitive flexibilityThe standard procedure detaitl by Zelazowvas the

protocol utilisedfor the task(Zelazo, 2006)with the stimuli produceby the Carlson

lab, (Carlson, 2013)

The DCCS task comprised of two sorting boxes and a selection of sorting cards. The
cards varied on two dimensions, with the sorting box displaying the same, yet
inverse dimensions. The task required the child to sort according to each of the
dimensions inturn. If both dimensions were correctly sorted, the cards were
changed andthe next level was administered.h& complexity of the different

dimensions increased with each level.

It has been observed that children 80 months ofage find it difficult to itegrate

two aspects of a picture that are not part of the same object, or, separate the
colour of an object from its shape. Diamond and Kirkh@mamond, Carlson and
Beck, 2005kuggest this is not an inability to recognise the two featuresher
seeing the same picture from two different perspecBvand integrating this
information is too challenging. When given pictures with only one discernible
feature, 3 year olds can sort with ease. It is only when the second dimeission

added that confusion arises

The rules of the paradigm consistently switaequiring the child to adapt their
behaviour according to the rule changes. The more complicate the instruction or
rule, the greater theworking memoryload. Success at this taslkss theorised to
require all of the EF sudbomans (Diamond, Carlson and Beck, 2005; Garon, Bryson
and Smith, 2008)Although, fundamentally, the child needs to inhibit the secondary
feature of the picture to sucessfully pass the triadthout the flexibiliy to adapt
their behaviour or the ability to hold the rule in mind, failure is likely to occur

(Diamond, Carlson and Beck, 2005)
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Unlike three year olds who havbeen extensively invegited with the DCCS
paradigm,research into EF performance is limited in the toddler age rd@geon,
Bryson and Smith, 2008; Pozzedtial, 2014) The use of this task, although well
established in older children, was experimental the current investigationin
regards to thell 2 R R ¢aSabifi2  understand what was required from them. Two
additional measures of ERhe Baby&een App and MuitLocation Multistep
paradigmwere additionallyincluded in the 30 month assessment batt@mysupport

for the use of the DCCS at this adg®wever, both had predominant processing
speed measures and will be considered in the information processing chapter

(Chapter 6.

4.1.3.1 DCCS Apparatus and Methodology

The apparatus consisted of two sorting boxes, with a selection of sorting and target
cards. The apparatus was set up so that the two sorting boxes were placed between
the experimenter and the child, within reaching distance of both. Each sorting box,
with the dimensions oBcm X12cm X16cm, had a target card placed on the front
and back of the box. All sorting cards displayed the target image. This image
differed in dimension and complexity with advancing conditions. The sorting cards
were white on the bak and laminated with the approximate dimensions &cm X

13cm.

13cm
---=>~ Sorting cards
J __ Sorting boxes
9cm ﬂ pr— ’
16cm

Figure4-3. Dimensions and set up of thBimensional Chang€ard Sort taslksorting boxes, cards

- Target cards

*

12cm

and target cards. The example shows level 3 of the DCCS task where the child is asked to sort first

by colour, then by shape.
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At 30 montrs, the task begun with the simplest condition. Condition 1 saw a target

card of anelephant and fish placed on the two separate sorting boxes. The
experimenter read from the standardised script written by Carlebal., (2013)in

combination with gestures¥# 6 S KI @S (i KS &,$hisbox Bas afBEB & K S NE
[gestured to the left box], this box has an elephant on it [gestured to the right box].

This is the fish game. In the fish game, all the fismgbe fish box, because that is

where they belong. See here is a fish [held up fish demo sorting card], fish go here

wLJX F OSR (KS FTAaK OFNR Ayia2 (GKS FAakK az2NI
R2 GKS TFTAaK 32 AYyKQOD ¢ Kb eorredhp NdtifyIe Sy H
appropriate sorting box. Irrespective of the response on the second check, the trial

continued.

Each ondition comprised of 10 trialsplit into 2 sectionsa and b. The sorting rule
changed between part a and b, with the targetrds remaining the same for both
parts. For example, condition 1, the child was asked to sort the fish cards for part a
and then was verbally instructed that the rule had changed, and they now needed
to sort the elephants cards into the other sorting bdxor more cards needed to be
correctly sorted in order to move on to the next section. If the child passed the 2

sections, the target cards were removed and the new condition was introduced.

The coding of the task required the recording of the totalreot trials achieved and

the highest level passed. All subjects had the same basal level, 1a due to their age
and understanding. The main outcome measure for this task was the highest level
completed. As noted, each condition comprised of paat and b. Ifthe child
successfully passed part a, but failed to seftcards on part b, the highest level
passed was part a. For the purposes of the data analysis, each level was numbered
incrementally, e.g. 1a and 1b was coded, level 1 and 2. An additional mehatire

was investigated within this paradigm was the total number of correctly sorted

cards (total number correct trials).

Two sets of analyses were completed with this taBkmarily all participants to

successfully complete the taskere analysed, followd bya second analysishich
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took language abilities into consideratioRarticipantsare excludedn the basis of

the following criteria:score lower that 1SD below the standardised mean on the
language composite score in the Bayld#y(<85)at 2 years a proportional
comprehension score <1SD below the cohort mean on the @C&) or if no
language score was availabk number of the term born children (11/25) did not
complete the language scale of the Bayldyat the 30 month assessmerypically

due to fatigueduring the assessment. Although there were no language concerns
from the assessment team, the Oxford Communicative Development Inventory
(OCDI) was completed by all parentéhie prospectiveeohorts will be described in

detail in sectiord.2.3.

The variable selected a priori to best reflect the performance on this task was the
highest level completedDue to the ordinal natur¢his variable, although the same
statistical procedure stated in secti@3was followed to explore the data, a Mann
Whitney Utest was the most appropriate for an outcome variable of this nature.
The total number of trialgompleted was a secondary focus within tresults and
displayed amarginally positively skewed, with &&piro-wilk test result of 0.04. e

data was transformed, but normality was not reachd#ugrefore aMann-Whitney

U-test wasperformed

4.1.4 Longitudinal exploration of EF analyses

The final set ofresults reported in the current chapter loslat the relationship
between the EF task performances in the first year to the EF measure at 30 months.
Due to the ordinal nature of the DCCS, an ordinal logistic regressoalelmas

fitted to the dataincluding the previously defined demographic variablesidy
group,male sexandIMD quintile and incudedthe primary outcome variables for

the DRT and B paradigm: total proportion correct and time to BAerror
respectively.This modewasthen repeated with he additional inclusion of the 30

month cognitive zscores of the Baylell.
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4.2 Results

The results othe three ERasks are detailed belowin age of administration order
For each task, a summary tife demographicinformation is initially providedas
each task had different sub population of the overall longitudinal cohowl/ithin
the demographic information the Baylél cognitivescores providedre from the
assessment nearesh age to the experimental taskor the DRT at 6 monthand
the ABtask at 12 monthsthe 12 month Bagy-IIl score is providedor the DCCS,
the 30 month cognitive scores are providddnfortunately due to a number of
factors, including infant temperament incomplete datasets andmissed
appointments, not allparticipans completed all assessments atll ages This
explains the n number differences for the Bayl#yscores and the total number of

children to completezach task asot all completed both.

4.2.1 DRTat 6 months age

During the 6 monthassessment phase, 57 term lnoand 33 VP infantsompleted

the DRT(Table 42) assessed on the ability to remember the location of the
previous stimulusDuring the paradigm, neither study group displayed a response
above chance when ocular movememt SNBE dza SR (2 A Rpohser T &
(Table 43; Figure 44). This was not confounded by the number of infants not
looking towards the apparatus as there was no difference observed between groups

in the number of trials where the infant was not lookifigable 43).
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Term (n57) VP(n=33)
Gestational age Median (range); 403 (37 ¢ 42'Y 26'2(23% ¢ 31"
weeks

Male sex 28 (499 22 (6®9
IMD Quintile 1 4 5

2 10 8

3 8 12

4 21 9

5 16 4
Bayley-Ill cognitive Mean (SD)
composite scorat 12m  (n:T=44; VP=25 110.23(11.26) 99.6 (8.89)
Bayley-1ll Cognitive z Mean (SD) i
scoreat 12m (n:T=44; VP=25 7 (22) B

Table4-2. Demographicdetails ofinfants included inDelayed Response Taskalysis.

No effect of groupvas seen in the total proportion of correct trials (t(88).#4, p =
.89; seeFigure 44); nor was there an effect of groupn proportion of notlooking
trials (z(88) = 1.41, p = .158)o correlation was observedbetween the total

number correct and thd2 month cognitive &scores (r =.16, p = .17).

Variable Term, n=57 Preterm, n=33
Mean total proportion correct 46 (.12) 47 (.13)
(SD)

Meannumber of trials net 1.72 (2.34) 0.88 (1.16
looking (IQR):

Table4-3. Mean proportion of correct trialsin Delayed Response Tasbllapsed across the social
and nonsocial conditions (total correclooks/total trials completed). Mean number of Wials not
lookingQ R dzNJAwhéte tievinfant failed to look towards the equipment during the response

window.
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Figure4-4. Total proportionof trials correct inDelayed Response Tably study group. A ttest was
used to compare the proportions in each group that correctly identified the location of the

previously observed stimulus.

Table 44, presents the results of the linear regression model for the total
proportion correct as the primary outcome measureollowing regression, no
differencesremainedbetween theVPand term groups but better test performance
was independently associated with male s&ke modebnly accounted for 10% of

the variance in the outcome.
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Table4-4. Linear regression model looking at the proportion of correct looks in DRT (F(3, 85) = 3.19, p =.03). SES for dsmie@nfant missing, therefore this infants

data was excluded from the model. The cdast for the model was coded as terrfborn femaleswith an IMD quintile of 1

Predictor Term (n=56) Preterm (n=33)
Coef. 95%Cl

Median (range) Median ¢ange) P
Sdy - yg2(371c a2 26°(23°¢ 31 -02  -07¢.04 50 ' ' |
Group
= - ' '
N Malesex  27(48.29 22 (66.74 07  .02¢.12 01
IMD 4 (1-5) 3 (1-5) .01 -04c.01 20 B
Quintile : aait '
—O.l10 —0.105 0.00 0.'05 0.;].0 O.IJ.5
Const - - 46 3954 .000 Qefficient (95%0)

Overall model fit R=0.10



4.2.2 ABtask at 12m age

During the 12 monttassessment phase, 43 term born children and 36 VP children
completed the M task.Performance was defined by the number of seconds delay
before the AB error occurre® | £ a2 (0 S NI S RNBRBIGS groie

tolerated the same length afelay.

Term (n43) VP (n36)
Gestational age Median (range); 40" (37" ¢ 42" 26" (23" ¢ 31
weeks

Male sex 21 (48.84%) 24 (66.67%)
IMD Quintile 1 6 5

2 7 7

3 5 10

4 15 9

5 10 5
Bayleylll cognitive Mean (SD)
composite scorat 12m  (n:T=43VP=29) 107.79 (12.64) 98.79 (9.03)
Bayleylll Cognitive z Mean (SD) i
scoreat 12m (n:T=43; VP=29 0@ 00 (19

Table4-5. Demographic details of infants included inot-B paradigm analysis.

Seven of the 43 term infants andlof the 36 VP infants did not to reach the task
criterion of 2 correct retrievalsf the toy at the start of the paradigniz = .48; p =
.63), the infants that did not pass this initial criterion therefore did not continue

through the rest of the paradignTéble 46).

Having passed the initial criterion, 6 term born and 3 VP infants did not complete
the task and were excluded from the analyses as the paradigm was terminated
early, leaving 30 term and 26 VP infants who dig@dd an A8 error (Table 46).
Overall, m effect of group was seen in theumber of second$o AB errorafter
excluding those that did not meet the taskiterion (z(6§ = 1.41, p = .158see

Figure 45). A positive correlation was observed with the 12m cognitrgeares (r =
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