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Abstract

Background The Gowmore Study wa an observational cohort study of adolescents
born preterm, in Newcake-upon-Tyne.The cohort were bortetween 1993 and

1998 mean gestation at birth wadl weeks(range 24-5d to $+2d) and birthweight
1392y (690-22009) Individuals wereoriginally recruited into one of two randomised,
controlled trialsdo W3 NJh#163% & R W LINE3Y. Bd\s¢p@rate groups they were
followed up at intervals, undergoing assessment of growth and development. From
247 children aiginally recruited, 220 completed assessments to 24 months of age. At
age 10underwent cognitive assessmerdetween 9 and 13 years old, th&o cohorts
were amalgamated to a single cohort and underwent furtlaexologicabnd
metabolictesting (n=153/247) including DEXA scan (n=109) and bloods (n¥h&9).

current studyrevisitedthe cohort, aged between 12 ari8 years old.

Aims: Thestudy aimedo explore relationshipbetween growthin early life body fat
deposition mitochondrialoxidative capacityand quantitatively assessetiet and

activity in expreterms

Methods: 60 of the 235 traceable members thfe original cohort were recruited into

this study. Theyinderwent multimodal assessmenincludng: auxological measures;
body composition measurement by alrsplacement plethysmography and skinfold
thickness; magnetic resonance spectroscopy (MRS)g @dT eslascanner, custom

built coils and a tailored scanning routine to quantify skeletal muscle mitochondrial
oxidative capacity, lipid content of the liver, and-taintaining tissue at the L2/3

vertebral level; a standard OGTT (bloods taken at Ol&2@aninutes); and serum

insulin, glucose, lipid profile, liver function and Vitamin D measurement. Dietary intake
was assessed using a compubarsed recall diary and physical activity by wearing of
accelerometers. Data was analysed by using a varietyabéstal methods including

comparative, correlation and regression analysis.

Results The 60 adolescents recruitddr this studyhad a mean gestation at birth of 31
weeks (range 26+1d to 34+4d) with birthweight of 1370g (rangel®¥®g) Their

mean ageat study was 15.5 years and M:F ratio was 1:1.4. Analysis showed they were
not significantly different from their peers at the previous cohort assessmenbatid

of the two original RCTsexe almostequaly representedWrawthQgroteinC= 1:1.07).

Thecurrent study showed that amongst this cohort subgroupmin D status
ii



correlated with time of year (p=0.046) and current weight SDS (p= 0.039). Skeletal
muscle oxidative functiowas significantlyelated tovitamin D statugp=0.021)and
gestational ag at birth (p=0.005); combined?r0.31;p=0.002) Earlier gestational age
(GA) at birth and lower serum vitamin D was associated with reduced oxidative
capacity. Physical activity was not associated with oxidative capadggeral adipose
tissue(VAT)circulating triglyceridé TG) and waist circumferengeere strongly
associated with hepatic lipid contefall p<0.001); dietary intake was not. VAT and TG
were highly significant when the model was adjusted for Tanner Stage4r

p=0.0002) GAand bithweight were not related to hepatic lipid depositioimsulin
sensitivity by two different measures was predicted by triglyceride levels (p<0.001),

light activity (P<0.05) and vitamin D levels (p<0.05).

Conclusion Environment and early life both have mfluence on adolescent

physiology. The strength of association between vitamin D and muscle oxidative
capacity has been observed in other conditions, but the contribution of gestation at
birth in those born preterm is a novel finding. This may refleittezia variance in

muscle fibre type or mitochondrial density directly related to developmental arrest or
delay as a result of preterm birth. Vitamin D status also influences insulin sensitivity, as
seen in other populations: Vitamin D status is an obvianget for dietary advice.
Absence of an association between gestation and adiposity, and correlation between
VAT and hepatic lipid deposition suggests that there are opportunities for children
born preterm to improve their health in adolescence, androplication, their future
adult health.
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Chapter 1. Introduction

The notion that the adult phenotype is mainly determined by environmentalémnices
encountered through life and the influence of inflexible, inherited genotype (in terms
of health outcomes) is one that has been increasingly challenged by research evidence

over the last30 years.

Ly GKS tF3GS mdynQa | pdBmiaiodichlm@thors ta elxalnegs NJ S
the relationship between birth weight, size in infancy and cardiovascular risk in adults
(Barker, 199% They found that low birth weight and weight at one year, small head
circumference and @nderal index at birth was associated with increased risk of
cardiovascular disease as an adBlarkeret al,, 1993. From this they concluded that
intrauterine life and earlylildhood was important in laying down the foundations of

adult health and predisposition tdily Sa a oy 2 ¢ 1 Yy NAYT2INE @i, & N BC

hypothesis). The mechanism was, however, unclear.

CdZNI KSNJ g2N)] SR G2 (KS QUNSSlf Barker, 1B (G KS
which suggested that ntero, thefetus samples the nutritional environment and

alters the rate of organ growth to optimise growth of key organs (brain and liver).
When in nutritionally poor times, this leads to asymmetrical growth by the time of

birth, but enhances postatal survival wan poor quality or intermittent nutrition
continues. By contrast, if energy dense food subsequently becomes available, the
WHKNRTFGEQ YS OK-reguktd ahd obBsty aydanétabBliz2 moybidity

ensues. However, diet in the immediate posttal perial (after a normal pregnancy)

can also have a profound effect on outcoffiesaiet al., 1996. Similarly, over

nutrition has been shown to have unwanted effects itetdife in rodent models

(Hahn, 1984 This suggests that the mechanisms are not simply the result of metabolic

up-reguldion secondary to a subptimal, indzi SNE SYBANBY YSYy iz 2NJ

This was taken further by Lucfisicas, 1994 who postulated that genetic makap

played an important role in the health outcomes by either:

GPOPPAYRAzOGA2Y T RSt SGAZ2Y 2 dNdictureé Hirirdy Biieal RSGS
periodil 2 NJ LIK@aA2f23A0f WwasShGdAyaQ o6& Iy SN
f2y3 GSNY O2yaSlidsSyoSa T2N) Fdzy OUuA2y d¢



This is now knownniversallyf & WLINE ANI YYAYIQd { LISOAFAOL f
role that nutrition in-utero andin early infancy might play in altering the adult
LIKSy208LIS® ¢KS y20A2y GKFG | WLINRINI YYAY:
any given critical phase of early development could have a predictable effect on

somatic respoge to a stimulus or stress not yet encountered, led to an appreciation

that modification ofadult health outcomes might need to begin even before a disease
process had started. The environments to which the gamete, fetus and infant are

exposed are likelyotexert significant influence on eventual adult health outcome by

means of programming the way the body will react to future evé@isickman and

Hanson, 2004Gluckmaret al., 2005.

t NEBGSNY RStAGSNE Aa | OFGFOfteaYAO AyidSNNI
development and modification of the environment in which the newborn finds itself.

The interuption of normal gestation exposes the fetus to the physiological stress of

trying to survive esutero with immature organ systems, as well as stimuli that it would

not normally have been exposed to. In rats, the effect on offspring of even a slight
difference in how well they were nursed as pups has been shown to greatly alter their
behaviour in response to future stressqeaveret al., 2004. It could be expeetd

that being exutero at a preterm gestation would have a profound developmental

effect. In addition, nutrition is provided to preterm infants using a mixture of tailored
parenteral and enteral preparations which would not be otherwise encountered by the
fetusindzi SNP® ¢ KSNBF2NBE (GKS LRIOISYOGAlt G2 SyoO
Fd I WONRGAOFEQ LIKIFaS Aa 3INBlLGfte AyONBIl &
As an example: aggressive parenteral nutrition in extreme prematurity is extremely
important to prevent catabolism andhaintain growth in the immediate neonatal

period (Embletonet al., 200% Ibrahimet al, 2004. There is evidere, however, that

growth restricted infants experience liver injury with this approach more often than

their well grown counterpart¢Baserga and Sola, 2004 is also thoughprovoking to

note that very similar preparations of lipid are used in aggressive parenteral nutrition

to the infusbns whichcan be used to experimentaligducereducedinsulinsensitivity

in adults(Rodenet al, 1990 2 KAt S (GKS WONARGAOI T LISNR2RC
it is clear from evidence of damage and by virtue of the lipid infusion, that there is

exposure to a stimulus which may lead to harm through programnBogy habitus

2



differences between infants born extremely preterm and their term born peers have

been well kown for 10 yeargUthayaet al.,, 2005

Nutrition is not the only possible stimulus to which fetuses amd/borninfants may

be exposed that might lead to altered adult health outcon@ther events and
interventions which might impact on éexutero preterm infant trying to survive are
protein intake (both low and high), vitamin supplementation (especially vitamin A),
glucocorticoid administration, exposure to inhaled nitric oxide and antibiotics
interfering with normal bowel flora developemt (Kalhan and Wilso€ostello, 2018

All of theseare regular occurrences in the Neonatal Intensive Care setting and could
have profound impact on the future health of an individual if exposure did, or perhaps

RARYQUX 200dzNJ RdzZNAyYy 3 || ONRGAOIET GAYR26O®

It is important to note that thigver widening scopef potential interactions with

delayed effecis reflected in theapidW| OFf RSYAO S@2ftdziAaz2yQ 27F L
fetal origins hypothesis into the wider field of research under the label of

Developmental Origins of Health and Disease (DOKaIDgkman and Hanson, 2006

This field includes the science of epigenetic anal@isomet al., 201Q Relton and

Davey Smith, 20)0Inheritablechanges made to DNA and Didgsociated proteins

which influence and change gene expressigthout altering gene sequenamay

result from environmental exposure and therefore provide a sigaift mechanism by

which programming, and much of what is encompassed within DOHaD, might plausibly

be explained at cellular level.

1.1 Infant growth and health outcomes

There are four important groups of infant studied in the literature with respect to
growth and outcome: Term infants who have growth appropriate for gestational age
(AGA), preterm infants who are also AGA, term infants who are small for gestational
age (SGA) and preterm SGA infants. The aim of neonatologists to date has been to
provide adequag nutrition for all groups to ensure good growth. This, however,
requires different amounts of nutrition for different infants. Embletenal

demonstrated that with accepted levels of nutrition (at the time), preterm infants
inevitably accumulated a defency in nutrition in the first few weeks of life on the

neonatal unit(Embletonet al., 200J). This could be directly linked to postnatal growth



impairmentands I & dzyf A1Sfe G2 0S NBO2OSNBR 4AGK
addition, there is good evidence that neurodevelopmental outcome is linked to early
growth. Lucas et al found that in infants who have a higher early protein intake,
neurodevelopmentateficits are reduce@Lucaset al., 1999. In infants born

LINBYIl GdzNBfeé yR {D!> aANRPSOIK &dzOK GKI G (K:
also linked to impoved neurodevelopmental outcomes (comparable to AGA infants)
(LatalHajnalet al, 2003. The same study also demonstrated that AGA infants whose
growthwad L2 2NJ 6a2 GKIFId GKS& KIFIR WOIFGOK R2gy
neurodevelopment (comparable to SGA infants who hatddemonstrated catch up

growth). These outcomeare used tasupport the use of aggressive nutritional

intervention in preterm infantsand wouldseem to justify trying to achieve and
YEAYOGFAY WOFGOK dzLJ INRPSIKQOD

To achieve an energy density suitablgotomote catchup growth in the growth
restrictedand/or preterm infant, the nutrition provided often has very high lipid and
glucose concentration@ hureen, 200Y. It is also difficult to achieve high levels of
protein intake, since appropriate assimilat of protein for growth relies on provision
of large amounts of noprotein calories to prevent the newborn using the protein as
an energy sourcelhe necessaryijh concentrations of glucose and ligaachieve

this (above that which the fetus in utenwould experience) might be expected to have
an impact on metabolic outcomeatrticularly on insulitegulated processe§he
current evidencespecifically relating tpreterm birthin humansand altered insulin

sensitivity (ISls summarisedater.

Rat nodels suggest that #watero hypoxia (as a method of inducing inrugerine

growth restriction and thus SGA offspring) is associated with changes in metabolism

that lead to development of the metabolic syndrome when exposed to a high fat diet
(RuedaClauseret al., 2011)). Indeed, catckup growth in humangusually defined as an
increase of >0.67 standard deviation score [SDS] in a defined time peasdea

associated with cardiovascular death, hypertension, T2DM and olieksitgs and

Ozanne, 2008 / 2y @SNE St &3 Ay 20 KSNZIWNAYUAI2XYEE KW oA
associated with improved life expectanyhureen, 200Y. It isalso very difficulto

tease out the long tan effects of perinatal exposure to other stimuli: for example,

corticosteroids might have an influence on longer term glucose homeostasis, given
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their in-vivo effects once administered and have been shown to affect insulin
sensitivitylater in life(Dalzielet al., 2005. Recent work also shows that infants who
are born at term and who are innately small (but would qualify as being SGA by
population standards) & in fact, metabolically healthy in later Iffdilovanovicet al.,,
2012. Aggressive nutrition in these infants might program for adverse health later in
life. Infants in this category may also delivery prematurely, but it is not possible to

accurately identify SGA preterms as innately SGA, or not, at delivery.

One of the measurable outcomes in neonatsed toreflectthe outcome of

nutritional programmings body composition; especially the location and quantity of
fat stores. DEXA, ailisplacement plethysmography and MRI have both been used to
quantify and describe body composition and lipid deposition in term and preterm
infants. Uthaya and colleaguesatsMRS and anthropometric measures to
characterise irvivo compartmentalisation of adipose tissue in infants born aged <32
weeks gestation (at term corrected age) in comparison tetéuth controls(Uthayaet

al., 2009. They found that thex-preterm infants were lighter and shorter but with
preserved head circumference, and reduced subcutaneous fat mass. However, they
had increased intrabdominal fat mass relative to their healthy controls. Early
accelerated poshatal weight gain was assiated with increased fat mass overall
(subcutaneous and intrabdominal), but iliness severity was the major determinant of
increased (inappropriate) intrabdominal fat. The authors therefore concluded that
illness in the preterm period altered the pérbning of lipid compartments and
therefore begins to explain the association of prematurity with metabolic disease later
in life. The same group also showed that specific thigpatocellular lipid deposition

in preterms (at term corrected age) was greathan in healthy adults or term

matched controlfThomaset al., 2008. Gianni et al measurgoercentage faimass by
plethysmography in premature and term SGA infg@gnniet al,, 2009. They found
that the more preterm the SGA infant was, the higher gegcentagefat-mass it had

by term. There is, therefore, evidence to support the abnormal deposition of fat in
preterm and SGA infants, suggesting a potential pathway by which metabolic
abnormalities might be developing exerting influence. The immediate pesata

period was examined using DEXA by Coekal (Cookeet al., 2010 who found that in

the first year, from term correct age onwards, there was no increased atiypogi



giving infants nutrientenriched formulabut catchup growth was seen. This suggests
that appropriateextra nutrition (not just calories) can have a beneficial effect by
increasing lean mass and that changes which may occur in theepreperiodare

modifiable.

There is also evidence to suggest that as children get older, their contemporary body
composition becomes more strongly associated with their health status and metabolic
state, and thatsomeassociationsvhich existed irthe perinatal periodbecome less
pronounced(Jefferyet al., 2006 Parkinsoret al., 2013 Tinnionet al,, 2014. Evidence

from the ALSPAC cohort suggests that in the modern era, childhood and adolescence
may be more directly influential times for excessive increases in body weight (and fat
mass) than infancy and the perinatariod (Hugheset al,, 2011). Epidemiologida

evidence also supports the notion that postnatal, yébertal rate of growth has a

strong influence on health outcome, with those children underweight at birth who

display greatest increase in body mass index by 11 years old being at greatest risk for
hypertension and T2DNBarkeret al., 2009. Therefore, there is a possibility that

modifiable factors may be at work and provide a therapeutic/preventative oghaat-

risk individuald INE A RSR G KI G GKS WONRGAOIET 6AYR25
It seems most likely that the immediate perinatal period has a significant role to play in
WaSGadAy3aQ YSGlroz2tAay o1 a [dzOa LINRLIZASRO
outcomes at an individual level may well be dependent on multiple other contributory

factors.

1.2 Metabolic syndrome and reduced insulin sensitivity

There has been a wallocumented increase in obesity in the general adult population

in westernised societies, espially over the last 20 yea(Baskiret al., 2005. Along

GAGK GKAAa 20SaArieé WSLARSYAOQZI GKSNB Kk a
as2 OAlF SR WYSGFo2f A0 a8YyRNBYSQT | O2ff SO
in an individual, are significant risk factors for developing cardiovascular disease and

type 2 diabetes mellitus (T2DM), thus risking premature death. The diagnostigecrite

required to make a diagnosis of metabolic syndropkbertiet al,, 2009 are:

1 Increased waist circumference (specific-otfs for differing ethnic groups)



 Hypertensio/) Y aeaidz2f A0 o6f22R LINBA&adZNBE x mMop'
LINS&adz2NB xypYYlIl 3

T 9t SGFrGSR GNARIt @OSNARSE 0O0¢DOY ¥ MOPTYY2H
1 Reduced higidensity lipoprotein cholesterol (HBLO Y X MdnaYY2f kK[ ¢

1.3mmol/L [female]
T 9t S@FGSR FlLadAay3a 3Ifdz02aSY x mnnY3IkR]

These criteria cannot, however, predict the rate of development of subsequent illness.
¢KS LINPLR2&ASR O2y(GNAOdzi 2 NE T QUAMEretli 2 GKS
al, 20090 *| NA2dza WSYGANRYYSyYyidltQ FFOG2NRAR 6ac
dense,easily @ At 6fS F22RXI NBRdAdzOSR SESNOAAS 8
FIL OG2NAR OLINRY2(AY JHaiéKabd Barkek NRpFom@ine tak Sy 2 (i & LJ:
promote (inindividuals) unhealthy depositiorf ¢at. There is also compelling evidence

that nutritional programming in early life has an important effect in determining adult

health outcome(Lucas, 1994

In the paediatric population, there is even less conse(fsusl and Li, 200&bouthow

to defineand diagnosél KS WY S { | 6 2 It i& cieardhatyWHReNIRrE S Q @
potentially greater morbidity and earlier mortality associated with acquisition of
features consistentw it K (1 KS WY S (i lthiee rhajoproblémg exNEBFsHyQ =
there is a tension between accurate diagnosis (with predictive power) and bwfle
investigation. The more detailed and mutartite a definition is, the more tests need

to be done. Grrespondinglythe more room there igor error (for example irvhereto
measure waist circumference bow to adjust for variation between ethnicaups).
Secondly, children have periods of their lives where they are rapidly changing from
both a hormonal and metabolic perspective. During these times, assumption of static,
reliable, measurable parameters may be incorrect. At these times of growth and
change, children also change at different rates within peer groups (especially during
puberty) and even i small population sitting withiapparently tightly agelimited
definitions there will be childo-child variationavhich could influence the

effectiveness of the criteria to detect changésstly, therareless dataavailable as

you look at younger children and it is harder to elucidate with certainty a causal

association into middle and late adulthood (in terms of health outcomes).
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Thelnternational Diabetes Foundation defitlons(Zimmetet al., 2007 try to strike a
pragmatic approach to cleariteria for diagnosing metabolic syndrome in different

ages of child (without relying on many reference value tables for different groups). This
approach is clinically pragmatic, and therefore helpful in praf¥eacini, 2009
Poyrazoglet al., 2019, but has potential for undedetection through reduced

specificity (fewer criteria) and sensitivity (fckeut-offs).

While theunderlying causal relationships between physiology and disease are still
being elucidated in both animahd humammodels(Bremeret al.,, 2012), it is clear

that reduced sensitivity tonisulin(either global or tissuspecific)is asignificant

common featureof the current, collectivainderstanding othe metabolic syndrome

To understand the extent to which an infant born preterm mightaieisk of adverse
metabolic outcomeit is reasonable to consider, thereforae evidence of association

of decreased insulin sensitivity must be examined alongside the evidence for outcomes

in preterm infants as they grow up.

1.3 Programmed Insulin Sensiti vity and Prematurity

The studiego date which specifically address insulin sensitivity and prematurity are

mostly observationakohort studies| have published a literature review of these

studies previouslyTinnionet al,, 2014. The studieseviewedwere published between

2000 and 203 and had participants whose ages ranged from a few days after preterm

birth to middle aulthood. The studiesvere worldwide (New Zealand, Australia, UK,

Turkey, Cyprus, Brazil, Chile, Netherlands, Italy, South Africa, Germany, Finland and
{SRSY U0 NBLINBaSyuAy3a Y2 andfedcribédraidiahoni20s 2 NI |
unique cohorts

There were a number of different methods used to quantify or assess insulin

sensitivity. Thirteen studies used a variation of a glucose tolerance test (GTT;

intravenous shoror frequentlysampledGTTLeipalaet al, 2002 Bazaet al., 2004

Hofmanet al,, 2004 Regaret al, 2006 Willemsenet al,, 2009 de Kortet al,, 201Q

Kerkhofet al., 2012 or oral glucose loa(Fewtrellet al,, 200Q Dalzielet al., 2007 Hovi

et al, 2007 Pandolfiet al., 2008 Chanet al,, 2010 or milk bolugGrayet al., 2002)
O2Y0AYSR 6AGK AyadzZ Ay al YLIAYy3 yR Y2RSt

Homeostasis Model Assessment [HOMA]) to give a measure of IS. Three studies



(Rotteveelet al,, 2008a Rotteveelet al., 2008k Rotteveelet al,, 2011 conducted
hyperinsulimemiceuglycaemic clamp studies to calculate glucose disposal, as a
measure of sensitivity to insulin. The remaining studies used measures of glucose
metabolism such as fasting insulin and glucose332plit preinsulin and Insulidike
Growth Factor Biding Protein (IGFBP), combined with a modelled estimation of IS
such as HOMA to quantify sensitivity to insulin. The study methodology reflected, in
part, the age of the participant€hronological agés a factor in normal variance of
insulin sensitivityfor example during pubertfKurtogluet al., 2010 and someof the
cohorts werelongitudindly followed-up through childhoodAs the cohort in this study
are adolescents, this is the age group that | will concestaat here, though the full
life-course can be seen in the systematic review. The logic model showing changing
associations with insulin sensitivity over the ideurse, based on the findings of the

systematic review is shown figure 1.

1.4 Effect of preterm birth on Insulin Sensitivity (I1S)

1.4.1 Insulin Sensitivity in adolescence (10 to 18 years)

Three preterm cohort studies investigated IS in adolescence. Fewtrell and
SinghalFewtrellet al., 200Q Singhakt al., 2003 followed-up a cohort originally
enrolled into a nutritional intervention (<1850g, Median GA 31 wefks}ast al,,
1984). At 312years of ag@ewtrellet al,, 2000 fasting bloods (insulin, glucose and
pro-insulin levels n=279) were strongly related to current weight SD81ii3te

insulin levels and split primsulin: 1 SD increase in cent weight SDS increased-30
minute insulin by 25.6% and split prasulin by 31.7%. Regression modelling showed
that change in weight SDS from 18months to current age was related positively to
insulin, proinsulin and split prmsulin. Individuals with thgreatest increase in weight
SDS from 18months to followp had the lowest IS. Birthweight had a strong negative

correlation with 3@minute glucose levels.

By 1316 years ohge(Singhakt al, 2003 a decrease in IS for current weight SDS was
seen (13.4% change in-33 split preinsulin per BMI SDS score). Those adolescents
randomised to higher nutrient intakes as neonates had greater splinmalin levels
even after adjustment for potential confounders (coefficient 18.4%; p= 0.016). A step

wise increase in adjusted 33 split preinsulin was found to mirror quartiles of

9



weight gain in the first two postatal weeks (11.9% increase per 100g weight

increase)

Chan et gChanet al,, 2010 investigated 1115 year old children born preterm or
term and measured fasting and 2 hour glucose and insulin (standard 75g OGTT). They
showed lower glucose levels at @urs postload in those born preterm (0.25mmol/L

lower than term controls; p=0.03).

Reinehr et a{Reinehret al,, 2010 studied SGAhildren 513 years age whwere

obese (BMI >97percentile) at the time of study. The cohort consisted of 341 children
of whom 24 were preterm. The authors assessed the effects of a multifactorial lifestyle
intervention (aimed at promoting weight loss) on IS and other metaboliamaters.

The authors foundhat reducedobesity was associated with improved IS (12mU/L

drop in serum fasting insulin per BMMDS reduction). Birth weight had a small
association with 1S (4mU/L increase per additional kg of birthweight: p=0.001; 0.7
increase in HOMA index per additional kg birth weight: p=0.007). Weight loss only

accounted for 10% of the variance in IS.

1.5 Comparison of IS between those born preterm and appropriate for

gestational age vs. preterm and small for gestational age

1.5.1 Insulin Sensitivity in Adolescence (10 to 18years old)

Reinehr et a(Reinehret al., 2010 demonstrated improvedS withprogrammed

weight loss. Whilst SGA status predictédieges in HOMA status with weight loss
(accounting for 14% of variance) both term and preterm infants were in the AGA/SGA
groups. Chan et @hanet al, 2010 found no difference between SGA/AGA groups i

IS, however, preterm SGA children had higher insulin levels 2 hours after OGTT.

1.6 Summary of evidence

As described by the logic modehetimpact of prematurity, and being born AGA vs.
SGA preterm on subsequent insulin sensitivity is comflex evidene suggests that

for infants born prematurely, there is an association with an increased risk of reduced
insulin sensitivity in childhood. By adulthood, the significance of preterm birth is
surpassed by strong associations with body habitus and compogfarknsonet al,,

2013 in line with findings of studies of insulin sensitivity in the general adult
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population The emergence of body composition as a key associate of sensitivity to
insulin appears to coincide with puberty and adolescence. The evidencenbbeas
yet, provide any insight as to any mechanistic role of puberty in this transformation,
though it isacceptedthat insulin sensitivity decreases during puberty in humans
(Kurtogluet al,, 201Q Sinaiko and Caprio, 20L2Jnravelling the effects of puberty
from the effects of prematurity in adolescents with respect to changing insulin

sensitivity is smething that is not addressed in any of the literature.

It is also not clear from the evidence whether reduced insulin sensitivity in childhood is
causal in altering body composition or vice versa. The association of growth patterns
and insulin sensitivitduring childhood is similarly unresolved: as children move

through childhood, the influences of disordered (excessive) catch up growth can be
seen to adversely affect insulin sensitivity and there are suggestions of different critical
periods of growth € line with current programming theories) during which nutrition

may have its greatest effect
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While eaty maintenance of normal protein and energy intake (preventing catabolism)
is clearly important, subsequent enteral owautrition may well be less desirable than
focussed supplementation and aiming for appropriate (only) catch up growth. Singhal
et al(Singhakt al,, 2003showed that a lowenutrient diet during the neonatal period
was associated with improved insulin sensitivity in childhood and Pittaluga et a
(Pittalugaet al., 2011 demonstrated that specific nutritional changes in the poatal
period had a measurable effect in infancy. Both studies supperpttential for

nutrition to program later metabolism and suggest that eabpropriatenutrition and
specific supplementatiowithout overnutritionmay be key in ensuring good long term
metabolic outcome. Importantly, excessive lean growth (e.g. hdightnd genetic
potential) may be as harmful as excessive fat mass increase. However, there is still
disagreement about how best to measure catghgrowth and use of BMI alone is
misleading as a substitute for other measures such as truncal fat depositiean

tissue masgWellset al., 2010 which might have more metabolic significance.

The evidence appears to show that SGA and AGA preterms are born witr tewels

of insulin sensitivity and that the immediate peasatal nutritional environment has
potential to alter later normal growth, and thus alter measured insulin sensitivity.
Through adolescence and adulthood, there is little evidence to support iffieyeshce
between exAGA/SGA preterms and the strength of association with early growth
pattern appears to wandn three studiegGrayet al., 2002 Leipalaet al., 2002
Pittalugaet al, 2011 the measured glucose levels between AGA and SGA groups did
not differ suggestingperhaps that the insulin sensivity of a neonate/infant (using
glucose levels as a proxy measusdjnkedmore stronglyto GA at delivery (reflecting
the inrutero environmenj than with glucose metabolisniThe potential interruption to
ongoing production of growth factors such asuis-LikeGrowth Factor (IGF) 1
occurringbecause opreterm deliveryYumaniet al., 2015 may also affect circulating
glucose levels and thymstnatal interpretation of insulin sensitivity in these babies.
Modern neonatal mediine, and the ability to support babies born at very early
gestations to term equivalent age and beyond, is young enough that it is unlikely that
there is any evolutionarysurvival advantage having areducedbaseline insulin

sensitivityas a neonatgwhen born preterm Itis possiblehowever that surviving this
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early statebecomes a disadvantagsdter puberty leavng, unmasked, metabolic

problems with the residual levels of reduced insulin sensitivity.

It is important to mention, gecifically for chdren born preterm, theras still no clear
answer to the nutrition conundrurfacing cliniciansshould early care be focussed on
catchrup growth to promote neurodevelopment at the risk of long term metabolic
morbidity, or should more focussed protein nditwh be implemented and maintained

without focuson optimisedoverall growthHardinget al., 2013

1.7 Potential Aetiologies of Reduction in Insulin Sensitivity

Reduced sensitivity to insuliis closely associated with a metabolically inflexible,
obese phenotype in the generatlult population(Kelley, 200k However, it has also
beenpossible to study insuligensitivityin the offspring of those who have developed
T2DM and who are not obese and do not have T2DM themseReesicedinsulin
sensitvity can be inducedh healthy, insulin sensitive individué®odenet al., 1996 by
administering a lipid infusion intravenously. This mechanism is particularly periment
view of the association of reduced insulin sensitivity with a Hiaghwestern diet and

the metabolic syndrome and also because one of the commonest interventions in the
nutritional management of preterm infants is administration of parenteral lipitide

enteral milk feeds are being introduced slowly.

The lipid-induction theory offers an explanation for the development of insensitivity to
insulin(Samuekt al., 2010. It may also provide a mechanism by which to explain the
association of prematurity and young children with reduced insulin sensiviidty
hepatic lipiqSandbog et al,, 2013, as well as lifestyle and bodiyabitusassociated
reduction in insulin sensitivity in teenagers and aduite lipid inductiortheory is
particularlyrelevant to the Growmore studgecause of the possibility, ultimately, that
lipid-induced insulin insensitivity may be modifiable from very early on in the life of
infants born preterm. This in turn could preventing significant disease burden in later
life. For discussion, liptthducedinsulininsensitivity has been divided inteepaticand

peripheral

1.7.1 Hepatic Lipid Induction of reduced Insulin Sensitivity

Nonralcoholic fatty liver disease (NAFLD; sometimes referred to asitoholic

steato-hepatitis) is avell-establishectlinical entity(Angulo, 2002 It is closely
14



correlated withreducedinsulinsensitivityand obesity(Peterseret al., 20053, and is
seen in aduk and children(McCullough, 2004 Recent researchas also suggested
that nutritional programming may have a role to play in the eventual phenotypic
expression of NAFLD: being born SGA or having excessive catch up growth and
becoming obese in adulthood after SGA status at birth has been shown to incigase

of adult hepatic steatosi€Sandbogest al., 2013.

Theaction of insulin, at the cellular leviel the liver, is mediatedby tyrosine
phosphorylation of insulin @eptor substrates 1 and & the cell membrane. These
theninteract with 1-phospatidydinositol 3kinase (PI3K)T'his has two main effects:
inhibition of gluconeogenesis and promotion of glycogen synthesis (by inhibition of
Glycogen Synthase Kinase; GE&Kgviset al., 200Q. Thus, in a pogprandial, high

insulin state, glucose is taken up into the liver and converted to glycogen whilst serum

glucose levels woulcemain normal.

In leanadult subjectswith reduced insulin sensitivity who hadmparable visceral fat
mass to lean, insulisensitive controls, a glucose loagsbeen shown to cause an
elevation inseruminsulin levels but a blunting of muscle glycoggnthesis as
measured by 13®RS. Alongside this, there wasoncurrent increase in hepatic
triglyceride content and increasdedsting plasmariglyceride levelgPeterseret al,,
2007). Accumulation of hepatic lipidas been shown to be associated with activation
2F t Y/ s Ay (PERaBeS ¢1.(2009.Fshoval PKC directly inhibits the
signalling pathway (descrideabove) in the insulisensitive liver, thus inhibiting the
normal changes in the cell metabolic processes usually stimulated by insulin. This
therefore reduced metabolic sensitivity to insullbhas also been shown that in
individuals with reduced hepi@ insulin sensitivity that in parallel to a deceased ability
to inhibit gluconeogenesis in the face of elevated serum glucose and insulin levels
there isa parallel and paradoxical enhancement of hepatic lipid deposgiwnulated

by insulin (via the strol regulatory binding protein (SREBIR) This increases
intrahepatic triglyceride deposition as well as formation of very low density
lipoproteins(VLDLjor exportaroundthe body (associated with increased cardio
metabolic risk). The increase in thdgsds directly stimula Sa | QU A G GA2y 2-
reinforcing the reduction in sensitivity to insulin and propagating metahoflexibility
(Kelley, 2005Brown and Goldstein, 2008
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Hepatt triglyceride levels have alb@en shown to be higher in lean Asibrdian men

who, though lean, are genetically at a higher risk of being insdiensitivecompared

to weightmatched white maleontrols(Peterseret al, 2009. When transgenic mice

which have an oveexpression oApoC3are given an higlfiat diet there is increase in

hepatic DAG and insulin compared to wijghe mice(Samuekt al,, 2010.

Polymorphisms in th&poC3yene have been described, in man, in individuals at

higher risk of NAFLD ameduced insulin sensitivitfPeterseret al,, 2010. In the

l'LJ2/ 0o GNIyadaSyAO YAOST GKSNB Ffaz2 I LILISK NJ
t Y/ ¥ A ausidgfargiseris&d@mpoundsepatic insulin sensitivity is preserved

(Savageet al., 2008.

It is likely therefore,that during the development afeducedglobalinsulinsensitivity
hepatic insulinnsensitivitymay occur in tandemor precedeperipheralinsensitivity

(see belowdue to high levels of circaling lipid overwhelminghe hepatocyte and
adipocytecapacity for processing, leading to secondary ectopic deposition of
lipidg(Weisset al., 2013. Importantly, NAFLD (in adults with T2DM) has been shown to
be reversible with exercis@eterseret al, 2005a Trenellet al., 200§ andtherefore
maybe modifiable by diet and exercise at a younger agetegeclinically significant

reducedinsulinsensitivity is reached

1.7.2 Adipose tissue and reduced insulin sensitivity

l RALI2&aS GAaadzS Aa y2ad Fy AYSNI Wadaz2NBQ A
oncethoughtL y I RRAGA 2y S vy 2etentibl Hidtribiidn &nd Aefpositibs Ij dzl
of fat in adipose tissue had different effects on the baseline homeostasis. Visceral fat is
less sensitie to the effects of insulin but is more sensitive to catecholamines

(Wajchenberg, 2000 If lipolysis occurs in visceral fat, the released free fatty acids will
(physiologically) drain via the hepatic portal sys{Biorntorp, 1990 which might

contribute to hepatic steatosis via overload, as a mechanism by which visceral fat

directly leads to reduced hepatic insulin sensitivBubcutaneous fat increase is

associated with reduced insulin sensitivity in obese individuals but a causative link has

not yet been demonstrated. Work by Taksali and colleagues suggests further that it

may be the ratio of visceral to subcutaneous adipose tissue that is important in the

overall final effect, independent of total volume of either in any given individual

(Taksalet al., 2009.
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1.7.3 00 A OE brédéctA in Bsulin Sensitivity

¢KS GSN)Y WLISNALKSNI tQ Aa dzaSR (2 RSaONAOG:
insulin tha occurs, in some conditions, in skeletal muscle. The literature regarding this

is focussed mainly arountiype 2 Diabetes Mellitug2DM as this chronic condition

provides a population of individuals who have varying degreesdfced sensitivity to

insuin, phenotypes and who are well enough to participate in researbere is

obvious overlap between this group (where genetic inheritance will have a key role)

and those who become insulin resistant because of other causes, but caution must be
exercised bfore any assumption that the processes ongoing are the same, despite the

similarity of outcome.

Lipid deposition in oscle and potential effects

In obesepatients with T2DM, there ia clearly documentedssociatiorbetween
reducedinsulinsensitivityanR =~ WA y | LILINE LINJntraiceButaripgdN@pasiidd (G 2 LIA (
within skeletalmuscle(Samuekt al,, 2010. Adult children of parents with T2D{Who
have measurable reduction in insulin sensitivityithout clinical T2DM and who are
not clinicallyobese)have also been shown to have significantly higher levels of
intramyocellular lipid (IMCL) than closehatched, insulirsensitive, control subjects
(Peterseret al., 2009. Muscle biopsies from nediabetic, male, Pima Indians (who
are more likely than the general population to go on to develop diabetes) have also
shownincreased levels of IMQRanet al., 1997. Peterseret alalso showed that with
normal ageing, IMCL conteimicreasedandin tandem with reducingperipheral insulin
sensitivitywith no specific increase in the triglyceride content of the li{Ratersenet

al., 2003.

The lipd inductiontheory describes a possibkessociation betweedecreasednsulin
sensitivity impaired cellular glucose uptake and increased INZImpairment ofcell
uptake of glucosgsimilar to the process in the livetMCL may impaimobilisation of
inducibleglucose transportes(Shepherd and Kahn, 199%9vhichusually provide an
additionalroute into the cell for glucose when serum insulin is in high concentration
Translocation of tleseproteinsto the cell wall is impaired in iwitro cell cultures from
individuals with T2DMCiaraldiet al,, 1995 Garveyet al., 1999 thus suggesting a

mechanism foreduced response tthe action of insulinThis process is alseduced
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in individuals receivingdid infusions who demortsate marked reduction in insulin
sensitivity(Dresneret al., 1999 suggesting it does not get activated in lpndiuced

reduced insuh sensitivity

Lipid in muscleand oxidative functiancause or effect?

In unhealthy, obese individuals, the accumulation of intramyocelligat by virtue of
persistent delivery of excessive dietary free fatty acids to the myocyte is one
explanation othe source of lipidassociated with reduced insulin sensitivithe

other possibility, as outlined above) is that as other sources of lipid production
overwhelm storageapacity in the liver and adipose tissue, excess 4. @gposited as
WS 00 2 LyitOrOmusete.[Ris occurrence may lead to precipitation of increased
morbidity in individuals, or may reflect a metabolic tipping point beyond which
increased morbidity follows quickly, but not actually be a primary cause in the

development of metabolisyndromdWeisset al., 2013.

Skeletal muscle metabolism in healthy individuals displays a robust preference for fat
oxidation, but can flexibly switch to glucose metabolism under the control of insulin

(whilst fat oxidation is correspondingly initéd). The degree to which this oxidative

flexibility exists in vivo has been studied using MRS. In individualsesitited insulin
sensitivity it has been demonstrated (using-BIMRS) that the rates of ATP synthesis

and rates of flux of the citric aci/cle (using 13@ w{ 0 I N3 RSONXBI aSR o6
hyperinsulinaemic/euglycaemic clamp conditions when compared to healthy
controls)Peterseret al,, 2004 Peterseret al,, 2005h Befroyet al,, 2007%. It has also

been demonstrated that there is a reduction in the intramyocellular transport of

phosphate in tiese individualgPeterseret al., 2005H).

The observations described above have been made in individuals who are already
overweight and/or insulinnsensitive or in healthy subjects under experimental

W3 dALIE AA 2 23A0FE Q OKBLISNAyadzZ AyFSYAO 2NJ ¢
this, the selection of subjects for examination took the extregipetersenet al., 2009
phenotypes (mosand leastinsulin sensitive) in their study groups and so the

differences in effects at mitochondrial level would potentially be exaggerated in both
RANBOGAZ2Ya FThBype. I Wy2NXIFfQ LIKS
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There isstrongevidence from MRS that exercise can improve lipid oxidation in T2DM
without changes in mitochondrial functigifrenellet al., 200§ andthat the time

course of turnover of ATP in skeletal muscle under hyperinsulinaemic conditess
not support it as a rate limiting step in initiation of insutimulated glycogen
synthesigLimet al, 2010. Indeed, in insuli¥sensitive subjects, an increaseAmP was
not seen during the first 45 minutes ofeaglycaemichyperinsulinaemic clamp,
suggesting the acute metabolic effects of insulin are not directly related to oxidative
capacity(Limet al,, 20114.

There is compelling evidence that raised IMiCthe seting of T2DIVhas an effect on
insulin sensitivity within the cell (by reduction of glucose transport into the cell) and
that reduced insulin sensitivitig associated with the presence of raised INtClhe
metabolically inflexible phenotyp&leasured redued oxidative capacitgoes not,
however, suggest true primaryunderlying defect inmitochondrial functiorleading to
increased IMCL: reduced insulin sensitigityl impaired oxidative capacity anot
been described in the absenceraisedIMCL It isas plausible that the reported
reduction of oxidative capacigimplyreflects a primary reduction in mitochondrial

number.

Thereforeit seems likely that the primary focus for lipid induction of reduced insulin
sensitivityin this studyshould bein the liver and visceral adipose tissue: the evidence

is not conclusive enough at present to look at skeletal muscle as a primary focus. It
asSSya taAal1Sfte GKIFIG aisStsSialrt YdzaotS OKFy3S.
the liver and visceral adiposissue (Bremeret al,, 2012 and in a population of

children, searching for early changes in lipid should be focussed where it is likely to be
found. However, concuent assessment of oxidative capacity of the museldéh 31R

MRSto ensure that this is as expected in the study graipensible in view of the

reported changes that can occur, as a proxy for early muscle metabolic alteration.

Other influences on skeldtmuscle insulin sensitivity

Though the lipid thery of induction of rduced insulin sensitivity grominentlycited
in the literature reviewed for this thesis, there are other mechanisms which have been
proposed forh Y F f dzfeyipBeraflidsuliVsentivity. As skeletal muscle is one of the

largest metabolic organs in the body when considers@aingle entity, any process
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that alters the skeletal muscle insulin sensitivity has potential to alter the metabolic
flexibility of the muscle to change frofat oxidation in muscle to glucose oxidation
when under insulin stimulated conditions and thus have huge effect on the
body(Kelley, 200% In addition, the presence of high levels of lipid in myocytes has to
be put into context: elite athletesanhave high levels of myocellular lipid as a store of
energy to use during exercise but are usually versiime to the actions of insulin:

the threshold for when they convert from fat oxidation is altered and, most likely,
there is compartmentalisation of lipids a different way to metabolically inflexible
individual§Goodpasteet al., 200]). This is also seen in some knockout mouse
modelgLiuet al., 2007.

As outlined above, a primary mithondrial defect does not seem to be thaderlying
problemin T2DM(as an insulin resistant state) as apparent basal reduction in
mitochondrial functioncan be overcome witimposedhyperglycaemiconditions.
Alongside the proposed mechanism by whicliantyocellular lipideducesinsulin
sensitivity, other processes interrupting expression of glucesgsporters (GLUTON
the cell surface in response to insulin signallmmgones which decondition and reduce
the volume of skeletal muscglbave potentiato alter skeletal muscle insulin

sensitivity.

Myostatin is a negative regulator skeletalmuscle growth It has been noted in
individuals with T2DM that they often have a raised level of myogtandtet al.,
2012. In animal models, inhibition @bsenceof myostatin has been associated with
increased expression of glucose transporters, specifically @(dkahashet al.,
2014). Myostatin, therefore, may have an important role to play in insulin resistant

State.

Adipokines (includingdiponectinandleptin) are a group of hormoneshich are
intimately involved in appetite, metabolism and glucose homeostasid exert effects
on skeletal muscleLeptin, in animal models where diabetic states have been induced
by streptozotocin, has been shown to restore some glucose uptake and emktanc
lipid oxidation in skeletal musdldidakaet al., 2002. Adiponectin is another adipokine
which is present in lower amounts in the serum in those with T&riva et al., 1999

and which is known to be insulsensitising(increasing glucose uptake into skeletal
muscle and increasing lipid oxidation). In animal mod€&B2bM, it has been shown
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that the induction of adiponectin production improves insulin sensit{ltyet al.,
2009bh. While the adiponectin and leptin levels meaad in the study cohort when
they were reviewed between age 9 and 13 did not show any correlation with either
body compositionor insulin sensitivity (Korada, M; personal communication) the
potential for alipokinesmodifying insulin sengitity over a loger time, in gpopulation

of expreterm infants is hugehrough programming or other mechanisms

Inflammationand the associated generation of reactive oxygen species has also been
linked withreduced insulin sensitivity through transcriptional and ptsinslational
modification which ultimately inhibit insulin actipspecifically in the pathogenesis and
maintenance of T2DM, as well as in the metabolic synd{etotamisligil, 2005
Shoelsoret al,, 2006. Preterm infants are exposed to metabolic stress, inflammation
and infection as part of intensive care. They are also often gjaseous oxygen as

part of respiratory care whickan lead to serum hyperoxia, in turn leadirgctive

oxygen species damag€he extent to which this neonatal exposure may lead to
longer terms effects in skeletal muscle is not knotat, thismode of damage and
influence oninsulinsensitivity cannot be discounted as at least part of the overall

picture.

1.8 Body composition assessment

Assessment of body composition in clinical practice and research can beisioge
numerous methodsut may be limited by both access to technolagyd the
cooperation of the patient/subject. In the literature lookingfat deposition lipid
partition and sensitivity to insulin, several different strategas used by author®

obtain the information needed.
1.8.1 Body fat assessment

Indirect measures

Measurement of skinfold thickness is a quickly and easily performed procedure which,
when the investigator is trained (and their technique appraised regularly) can produce
consistent measurementsf the depth of subcutaneous fat depositdse of an

averagng technique to ensure smoothing of the ddtam each sitefollowed by a
summationof the totals,generates a number which can then be entered into standard

equations to produce a percentage of total body f@urnin and Rahaman, 1967
21



Durnin and Womersley, 1978laughteret al,, 1988. This technique isuperior to
simplecalculation of body mass indéBMDA Y Y SF adzNBYSyd 2F WTI &)
direct measurement of the subcutaneous fat compartment. However, it is subject to

some of the same assumptions about consistency of distribution of fat betwee
compartments across individuals (i.e. it does not necessarily take account of body
WAKFLISQUE YR Al R2Sa y24 Fftft2¢ FaasSaays:
subcutaneous)As, the confidence intervatsoundany single measurement will be

wide (between3 and 11%of the estimatéWanget al., 2000). It is also subject to

limitations around the normate data which produced the original conversion

equations, much of which was generated in North America and is therefore not

necessarily reliably generalizable to a UK population. It is also quite old data with
normative zscores last generated in 199Bavieset al,, 1993. In recent years the

changes in childhood body compositionthe populationmean that, again,

generalisability is not guarantee8ome work using skinfold thickness in addition to

BMI showed that it improved accuracy of estimatiorbofly fat, but only in norobese
childrenFreedmaret al., 2007%. It remains an important method to consider,

however, as it can be readily applied in a clinical setting.

Air displacement plethysmography (using the BODIP@®used to provide a variety

2T RIGF F02dzi 602Reée O2YLRAaAAGAZ2Y YR YSUl o6;
that it remains, for the most part, a research todir-displacemenplethysmography
utilises comparison of measurement of air displacemeratiagf a standard volume in
conjunction with mass measurement to generate a body density. The technique uses
the mean of two readings within 150ml measured volume or takes a third if the two
originals are more discrepant than that. In order to measure tbtaly volume, the
BODPOD can calculate an estimated lung volume based on height and weight
parameters or the test subject can perform a series of manoeuvres via a closed
breathing circuit which allow a direct measuremernhe literature suggests that with

the latter, the BODPOD is accuratenithin 2% of other golestandard measures for
generating a body volume (such lagdrodensitometry but it has the obvious
advantages of being a dry method, quick, and less complex for younger s(Bgicts
2005. BODPOD has been validated for use in childrezidset al,, 2002 Fieldset al,,
2004b Once a body density is calculated, the BODPOD uses a 2 compartment model
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based on either the equations of Siri or Lohn{&iri, 1961Lohman, 1989 It is,
therefore, subject to some of theame imposed methodological limitations as outlined

for skinfold measurements.

The two other commonly used methods for estimating fat mass in humans are
bioelectricalimpedanceanalysigBIA)and DualEnergy Xay Absorptiometry (DEXA).
DEXA is, like adisplacement and skinfold measurement, an indirect technique with
the added disadvantage of involving exposure #@ys. In teenagers, this is an

exposure to radiation at a time when the human body is rapidly growing and therefore
as a technique it is har justify when norradiation alternatives are available. BIA is
also subject to predictive equations but has an even wider margin of error than
skinfold measurement (+ to 8kg in one individual adult) in estimating total fat
masgPierset al,, 2000Q. For these reasons, we did not choose to use either of these

methods in assessing body fat in our study.

Direct Measurement of body fd¥IRlassessment of comparental body fat

As described above, tHierature suggests thagpotential mechanisms of reduced

insulin sensitivityare correlated to the compartmentalisation of lipids asgecifically

the presence of intrahepatic lipid. Tloalytool we consider to beurrently

appropriate for usen a cohort of healthy adolescents, both ethically and practictly,
assess intrdnepatic lipid (also called Intrahepatocellular lipid; IHL or IHCL) is magnetic
resonance imagind-his is because it is nenvasive, involve not exposure to

radiation and still gives quantifiable measurements of adipose tissue in both visceral

and nonvisceral compartments.

Magnetic resonance imagg scanners detect the signal released by magnetic nuclei in
chemical compounds after applicatiand removal o& magnetidield to a specific

area of tissue. The signal generated depends on the type of magnetic nucléiH(e.qg.
31p,23Na), and the compounds in which they sit. This determines the deflection that
occurs when the magnetic field is@led and thus the energy release when the field is
removed and the nucleus returg its2 NA IA Y [ f LR AAGA2Yy D 2 KSYy
the average signal returned from any given area is Fourier transformed to give-a grey
scale image for clinical interetation. This does not differentiate between individual

compounds in the tissudt is possible, however, to use a subtractive technique to
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leave the residual image showing only compounds of intetagtlentifying fat
compartments, the main other molete contributing to the picture generated will be
water. As there is not much water in adipose tissue, it is possible to take a sequence of
images generated using application of a magnetic field at a frequency which will target
water molecules applied at0° and 180° to the subject in sequential applicatiohis.
release of the magnetic field, the different applications produce equal but opposite
signals from any tissue containing large amounts of watéren the images generated
are subsequently combinedhé¢ water signal effectively cancels itself out so anything
left has alow watercontent(i.e. is mainly fat)This is the Dixon methd®ixon, 1984
Processing subsequently can generatpiantifiablecrosssectional area of adipose

tissue in which it is easy to delineate compartments as the watartissue between

compartments is absent.

A similar approackan be used tanterrogate amuch smaller voxel (sampling window)
and by looking at the frequency of tlieceived MRsignal in relation to a reference
(known) frequency, the chemicabmpourdswithin the voxel can be identified. The
signal intensity can be measured at any given frequency and so quantification in
comparison to the reference can also be made. In essence, for any voxel sampling
tissue, a chemical spectrum can be generated whdehtifies compounds within the
voxel and how much is there. This is magnetic resonance spectro@d&BjQayyum,
2009. MRS can be used to measure chemical composition of any tissue in vivo at any
given time and so repeated application of the magnetic field and capture of the
resulting signal can measure chemical flwerotime. Thus MRS has superseded many
techniques reliant on biopsy or-witro cell culture to follow metabolic processes at a

cellular level.

MRS is not without problems, however. It requires more intense signal concentration
and is much more susceptébto heterogeneity across the voxel disrupting the signal.
Similarly, the signal to noise ratio (SNR) needs to be as wide as possible to accurately
identify small concentrations of compounds. For example, the predominance of water
in cells (which containgagnetic H nuclei) can mask trace compounds unless the SNR
is optimised. In 1HMRS (which is used to identify IHL) this optimisation is done by
selecting a voxel within a major lobe of the liver avoiding blood vessels if possible,

using a higher rated scaer (3T instead of 1.5T improves frequency separation of the
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compounds on the spectrum generated) minimising respiratory movement during

signal acquisition (by employing bredtlolds by the subject) and using a PRESS (point
resolved spectroscopy) sequenatich trades voxel definition for greatly improved

SNR. Water is the reference peak generated islMIRBand by comparison of the area

dzy RSNJ 6 KS LISF1&a | LISNOSydalr3asS 2F fALAR Ol
literature shows that in cooperata/ssubjectsthe technique can be used at most ages.

It has been successfully usedpreterm infants at ternfUthayaet al,, 2009, term
infants(Thomaset al,, 2008 and older children/adlis(Thomaset al., 2005 Brambilla

et al,, 2006 Petesen and Shulman, 2006

1.9 Measurement of insulin sensitivity

Measurement of glucose homeostasis and specifically sensitivity to imeglires

serum sampling and so in looking through the literature when designing a paediatric

study, a method which iscaurate but minimally invasive is desirabléstHricallythe

W32t R adlyRFNRQ Sdz3f @0l SYAO Ke@LISNARyadzZ Ay
relevant measurements: insulin sensitivity was measured by quantifying how much
intravenous glucose was requiréal maintain serum glucose levels when

administering an insulin infusion: the greater the glucose amount needing to be

infused to maintain serum levels, the more insulin sensitive the sugewiko and

Caprio, 201 This method is, however, quite intensive and requires repeated

sampling with the concomitant risks of administering insulin intravenously. Other

methods have been validatedaga/ a0 (G KA a W3I2f R adlyRINRQ |
alternative. Some studies have used a fasting insulin level and serum glucose to

estimate baselinsensitivity to insulinbut this gives no indication of responseao
glucosechallenge Normal indices at batine may mask a blunted response to glucose
loading in the early stages of decreasing sensitivity to indikisset al., 2013.

However, the Homeostasis Model Assessment (HONR)2nethod is widely used to

do thisin both adults and children, andorrelates reasonably well with the clamp

method (Yeckekt al., 2009.

To provide a glucose challenge in a structured way, a glucose tolerance test is most
common in paediatric studies (both clinical and research), andthéglucose
tolerance test (OGTT) is most common due to ease of administration. This technique

requires only one serum glucose/insulin measurement before giving the glucose load,
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then one masurement afterwards (usually between 30 minutes and 2 h¢Gsley

and Larner, 1990From these measurementsnassessment of glucose disposal can

be made and a higher thaaxpectedd f dzO24S f S@St O XT PPYY2f K|
NERdzOSR AyadzZ Ay aSyairlAagadeo LG Aa |faz |
iKSaS @ fdzSa 6KAOK KFa ftaz2z oSSy @FftARFG:
(though it does make assumptioabout the area under the curve during calculation

and is optimised with an intermediary measurement at 30 or 60 miny(Metsuda

and DeFronzo, 199¥eckekt al, 2009. From a paediatric study perspective, the

OGTT with a fasting and 2 hour sample is the best compromise in measuring insulin

sensitivity.

1.10 Effect of exercise and diet on insulin sensitivity

Ashas been outlinedbove, the liver appears to be central in reduction of insulin
sensitivity and development of metabolic syndrome. While some of the biochemical
processes are undoubtedly contributed to by genetic or early life programming, the
literature review conducted suggests that with age, the influence of the environment
and lifestyle becomes more important in insulin sensitivity. In simple terms, the chance
of hepatic steatosis increases with an excess of energy. The surfeit of energy comes
from oneof only two alternative origins: too much intake or not enough energy

usedWiskinet al., 2017

1.10.1 Exercise in modifying health outcomes

One half of the energy balance equation is exercise (i.e. energy use). Kajantie et al
(Kajantieet al,, 2010 researched the activity levels of adults who had been born
preterm. They showed that even amongst those who had not got any sort of
impedment from their preterm background (either neurological or respiratory
conditions) those born preterm were less likely to take regular or prolonged exercise
than their termborn peersWhen leisure time spent in physical activity is examined,
those born peterm and low birthweight take less exercise than their temorn peers
(Kaseveet al, 2012. It is clear from direct measurements of their capacity for aerobi
exercise that those born preterm are not at a disadvantage or significantly less capable

of exercise than their peefSlemmet al., 2012.
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Reinehr(Reinehret al., 2010 offered an intriguing glimpse into thenk between
programming and environmentith an exercise intervention in a child population
when they showed that the ability to achieve reduction in adolescent obesity was not
linked to prematurity or SGA/AGA statiogt that being previously SGA was more
significant in improving insulin sensitivity within the group during weight loss than the
degree of weight loss itseNVork with the Helsinki Birth Cohort showed that young
adults born preterm have a higher directly measured resting energy expenditure than
those born at termSipolaLeppaneret al, 201)). It is one possibility that until early
adulthood, this is part of the process that contributes tointanance of energy

balance in the face of intake of dietary energy irpe&terms (protective against
obesity). However, if this means that less energy expenditure is required by exercise
and a habit is established, it may be that at some point the baldipstowards

accrual of energy: at that poimpparently reduced exercise becomepaential

causal mechanism for becoming obese.

It is not possible to say what proportion of metabolically disadvantageous body
compositions are due purely to environmahexposure and what proportion are a
O2Y0oAYIFGA2Yy 2F LINRINI YYAY T RdzideypanS | NI &
unmasked by the changes of puberty and beyond. However, there is clearly a residual
link and opportunity to beneficially modify body congition, the metabolic effects of

which may still be strongly linked to early life.

In the wider paediatric population there are studies which have explored structured
intervention in schoehgechildren(Kriemleret al,, 201Q Puderet al., 2011 which on

the face of the results show improvements in aerobic exercise capacity and reduction
in adiposity. Howevetthe changes are measured immediately after the intervention

and therefore the longevity of the change is not clear. The changes in fat mass are also
very small and not of statistical significantieaddition there is some evidence to

suggest that increasd activity done at school leads to a concurrent reduction in

exercise at home so that the overall effect of a structured intervention is minimised
unintentionally(Wilkinet al., 2009. It is also welknown that a simple increase in

exercise to reduce obesity is usually ineffective as the body upregulates appetite to

take in more calories in compensation.
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In adults with prova NAFLOHIHL >5%)esistance exercise has been shown to reduce
IHL and impro& glycaemic control independent of measured weight loss, with possible
better sustainability than programmed aerol@zercisgHallsworthet al., 2011). This

has not been examined in a paediatric population.

Measuring activity in childrecan be achieved in two ways: by reporting (either parent
or child) or by accelerometric assessmdewidence clearly shows that reported

exercise overestimates the true amaunf exercise don@@asterfieldet al., 200§ when
measured directly. For this reason, the accepted standard is now direct measurement
using accelerometers worn by study subjects. These devices measure acceleration in
anything from one to three axes depending on gwphistication of the device. They
monitor a number of counts per minute (one count representing a detected
movement in anonitored direction/axis) which then allows stratification of the level

of activity into (commonly) sedentary, mild, or moderdtevigorous activity
(MVPA]Metcalfet al, 2002 usingcut-off points. Oncelefined, a 24 hour period can

be interrogated and the time at any given level of activity defilsctelerometery has
some limitations. Compliance (wetime) is potentially an issue but use af activity

diary and clear instructions amse can maximiseear time In addition, use ofut-offs
allows definition of aninimumwear timeabove which the validity dhe data is
acceptable and resentative of the level of activity dofasterfieldet al., 20118.

Certain activities preclude the \meing of the accelerometer (e.g. swimming) and so on
rare occasions, the measured activity may underestimate the actual physical activity
done. Similarly, some pes of activity measured on wiial devices may not trigger

the accelerometer reliably (e.gycling whilst wearing a verticakis displacement
accelerometer). Again, a well completed diary can aid interpretation of the data

recorded.

Using accelerometers to assess activity in the GatesMiehnium Cohort (another

cohort of children from Nortteastern England, born in 2000a.d.) it has been shown

that a reduction in MVP#s associated with increased BBasterfieldet al., 2012

Pearceet al, 2012 and importantly for our cohort, the amount of time in MVPA
decreases as children enter adolescei@aesterfieldet al., 20113. Therefore, to help
address influencing factors on energy balance in our cohort, accelerometery provides a

method of reliably and accuratelyeasuring direcactivity.
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1.10.2 Assessment of skeletal muscle oxidative capacity

When considering activity, energy expenditure and metabolic flexibility, it immediately
draws attention to the skeletal muscle and, more particulamytochondrialoxidative
capadiy. As notedevidence from adult populations shows thapamary

mitochondrial defect is unlikely to be a primary cause for reduced muscle insulin
sensitivity(Limet al., 201Q Limet al,, 2011¢ and the presence of IMCL is most likely to
result from overload of hepatic capacity, at the tipping point into ilinékswvever, the
ability of the muscle to respond to glus® and the oxidative capacity under exercise is
something that influences the global metabolic flexibility in an individkialley, 200%
which may be influenced by many factors such as number of mitochondria and the
ability to transport glucose into cells. In adolescents born preterm these are factors
that could relate to gestation, nutrition and grakvor later environmental influences.

As the evidence showrgducedtime in MVPA andhcreasedBMI appear to be related

in the wider paediatric population and so when considering insulin sensitivity in
adolescents born preterms it is sensible to have soneasurement okkeletal muscle
oxidative capacitys an objective measure of exercise capacity in the study gtaup
addition, part of the rationale for this study (see section 1.8.4) was to look at potential
assessments that could be used in a seriglian to assess an intervention (either
lifestyle of diet) that might measure improved metabolic outcomes. Measurement of
oxidative capacity would allow an assessment of improvement of metabolic flexibility

in this situation.

Noninvasive measurement of maichondrial oxidative capacity is well describgsing

the same MRS principles as outlined for IHL measurement. The technique is modified
to detect the 31P nucleus whigh present in the compounds which flux during

exercise (ADPATP, Pand PCrjo maintain ATP levels for the muscle to keep working.

If the spectra are collected during exercise and aftersatide level of

phosphocreatine (which is thiatrinsicmuscle store for higlenergy phosphatedan be
measured as itlepletes releasing high energy psphate(measurable as an increasing

Pi peak)then replenisling afterwards by mitochondrial oxidatioffhe haltime of
replenishment is them quantitative measure that is indicative tife oxidative

capacity of the muscle which is being sampletheMRSvoxel(Chanceet al., 2006

Boesch, 200/Kempet al., 2007). The method has been shown to be acceptable to
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subjects and very reproducible making it a robust comparison across, and within,
groups(Bendaharet al,, 2003 Befroyet al., 2007 Layecet al,, 2009 Limet al.,, 2010.
It has all of the advantages outlined fbHMRS (norinvasive etc.) and therefore in
measuring skeletal muscle oxidative function in children, is the most acceptable

method available.

There are some recognised limitations of the technique which could be relevant to a
paediatric population. Fstly the exercise protocol needs to be standardised across the
cohort and younger participants might find it more difficult to comply with this.
Secondly, the technical placement of a voxel aims to sample a single muscle group. If
more than one group is gapled, the PCr in different groups may deplete and recover
at different rates and the loss of a unified recovery (known as inorganic phosphate
splitting) precludes accurate interpretation of the results. Lastly, the minimum pH of
during exercise has beehawn to affect the rate of recovery of PCr and therefore in
analysis consideration of standardised pbstc corrections has to be made. Thes
potential, therefore, to affect comparisons across groups aygheralisability of the

results to other patiengroupglotti et al., 1993.

1.10.3 Vitamin D

Vitamin D is a steroid hormone produced in the skin freaefydrocholesterol. UV
light passing through the skin creates prigamin 3 which then undergoes a
temperature sensitive rearrangement to produce vitamin Yitamin @ then
undergoes hydroxylation twice over (once in the liver and then in the kidney) to
produce dihydroxylated vitamin D. 2%/droxyvitamin Ris the most abundant form of
vitamin D in the circulation and is mostly found bound to vitamin D bingioggin.

The enzyme in the kidney responsible for produditp-dihydroxyvitamin B (the
active form of vitamin [Pis a mitochondrial enzym€lP27B1Alternative 24
hydroxylation of the 281ydroxyvitamin @ can also occur in the kidney to produce the
inactive 24,2&dihyroxyvitamin R. Productionof this alternative form of
dihydroxyvitamin D is induced by tipeesenceof 1,25 dihydroxyvitamin D and part of
the mechanism for regulating itseome vitamin D can be acquired through dietary

sources but tle vast majority is generated in the skin.
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The effects of vitamin D are mediated throughout the body by vitamin D receptors.
Thevitamin Dreceptor isa nuclear steroid receptor andighly conserved across

species of vertebrate (mammdish, bird. The hunan vitamin D receptor joins with

the retinoid X receptor (RXR) ligand in order to form a working complex which can
then bind with ceregulatory complexes known as vitamin D response
elementgHaussleet al., 2013. The vitamin Dresponse elements are specific genomic
DNA sequences which bind the activated vitamin D receptor and promote
transcription.Once bound, the effectiveness of transcription appears to be dependent
on recruitment of ceactivators, and the diversity in thocess may partly explain

the diversity of effects seen thi vitamin D/vitamin D receptor interactio(Ghristakos

et al, 2016.

VitaminDA & RS&AONAROGSR | & KI @Aigvalvened vith akalétaD | £ Q
homeostasié€Shaw and Mughal, 201R&but in recent years it has been@mgciated

that there are vitamin D receptors manynon-skeletaltissues throughout thehuman
body(Shaw and Mughal, 2013Vacker and Holick, 20L3As this knowledge has
progressed, given the high prevalence of vitamin D deficiency iwéstern

hemisphere, vitamin D replacement and supplementation has become the focus of
therapeutic investigation in many diffent clinicaldisciplines, from treatment of
psoriasis, hypertension and myalgia, to reduced muscle stresmgtihglucose control in

diabetegGirgiset al., 2013.

The association with high BMI and reduced serum vitamin D levels is well
known(Samuel and Borrell, 20X:3n those who are vitamin D deficient and obese,
standard supplementation is less effective in raising serum vitamin D levels than in
non-obese subject&orsytheet al, 2012 Salibaet al., 2013. It is also reported that
young adults born preterm are less likely to have adequate intake of dietary vitamin D

or calcium when compared to their tedvorn peergKaseveet al., 2013.

Evidence in the literature also demonstrates that vitamin D deficiency in adults has a
measurable andeversibleimpact on mitochondrial orliative function when measured
using the 31P MR8chnique(Sinhaet al,, 2013. The mechanism behind this observed
phenomenon is unknown, but it is methodologiga¢ssential now when using the 31P

MRS technique to control for, or at least measure, vitamin D status in volunteers.
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Serum Miamin D levels have been investigated in tiela to insulin sensitivity in

adults, adolescents and children, though the resatismixed(Girgiset al., 2013. In
recentstudies there appeared to be no difference in insulin sensitivity in obese
children and adolescents who were vitamird&ficient and there was no difference in
insulin sensitivity between obese and nobese subject§Torunet al, 2013. In

healthy young adults who had vitambD deficiency, supplementation into the normal
serum range did not improve insulin sensitivity when measure using a euglycaemic
hyperinsulinaemic clamgtudy (Grimneset al,, 2011). Some studies of
supplementation of vitamin D, however, have reported improvements in glycaemic
control and insulin sensitivity in typedabetes(Mitri et al., 2017 and gestational
diabetes(Asemiet al., 2013 where a preexisting condition exists and improvement is
desired. In adolesceatwho were bese and vitamin D deficient, higlose
supplementation of vitamin D resulted in a return to normal serum vitamin D levels
and in an improvement of insulsensitivitymeasured using fasting insulin and HOMA
IR modellin@Belenchiaet al,, 2013. It should be noted, however, that BMI did not
change in the study period and no response to glucose loading by way of assessing
metabolic flexibility was made. Kelisha al supplementeahildren who met their
study definition of having metabolic syndrome with very high dose vitamin D
supplements (300000iU) over 12 weeks and looked at whether this improved indices
of glycaemic contr@Kelishadet al., 2014 such as the HOMA index. In the
supplemented group there was measured improvement in these indices, but as with

.St SYOKAIl Q& 3INRBdzL) G4 KSNB @miéloadity with$lkicasdzNIS

The breadth of possible interactions of vitamin D with #reas of metabolic interest
in this study suggeghat investigation of vitamin D levels in this cohort would be both

novel and important in order tanterpret any metallic findings.

1.10.4 Diet

Balancing against energy expenditure in examining whether there is a net energy
accrual or loss, is dietary intake. The literaturelésar about how important dieis as a
contributory factor in development of NAFLD both in terms oédli excess of calories
and exposure to substances which trigger deposition of IHL such as fructose and
alcoho(Bremeret al,, 2012 Lustig, 2013Weisset al,, 2013 and, as outlined in 1.7.3,

in some instances of dietary deficiendy adults with type2 diabetes, dietary intake is
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central to the dual cycle Ippthesis of development and persistence of the
condition(Taylor, 2008 In newly diagnosed type 2 diabetes, the beta cell dysfunction
(previously regarded as irreversible) can be interrupted and reversed by adherence to
a highly calorie restricted dieDuring this process, the first measuraldhanges that
occur are pancreatic and IHL clearance (well before other adipose compartments
reduce in sizg(Limet al,, 20113.

Diet, however, is hard to robugtissess due to recall bias, intentional intake bias
(when the subject knows they are commencing a period of monitoring) anekrpart
variation in interpretation/estimation of components (e.g. fat, carbohydrate, protein)
of the food during analysis of vahhas been reportedly consumed. The standard
options for assessment include prospective food diaries, weigbed records and

recall questionnairedn designing a paediatric study where access to a dietician would
be limited, and not available until datnalysesit was important that the technique
used was robust, reproducible and, ideally, removed some of the analysis work by

havingpre-setvalues for reported intake.

The SCRAN24 program chosen for this study is a piece of lapsaglsoftwarewhich
engages children to input types of food and portion size from provjlestographs

for the previous 24 hours food intake. It has been validated for use against
conventional methods of dietary assessment and, if anything, tends to slightly
underestimate itake for total energgFosteret al.,, 20133. It uses division of the day

into epochs and prompts throughout to improve recall, and is simple enough for
children in primary school to use it successfully. The database attached to SCRAN24
has 98% of the most commoaddstuffs consumed by children in the North East of
England accessible in such a way that, by selecting a food type and portion size, it
generates automatic output files with a nutritional breakdown for that item. This
means that only a limited number addds will ever have to be assessed by a dietetic
expert and therefore the time and cost of producing valid results is greatly diminished.
In these respects it has great advantage over the other methods which could have

been used.
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1.11 The study cohort

The Growrore Sudy isthe latest review of the Newcastle Preterm BiEnowth Study

cohort (children who were born preterrha Y b S ¢ Ol a i f)$wWoadétali KS md s
2013. The children were recruited soon after birth into two separate studies looking

at nutrition in preterm infants. Thé&rowth Study(Cookeet al,, 1998 Cookeet al,,

1999 recruitedinfantsg K 2 ¢ S NFbirtbweigitinyAR  Xon ¢SS1a 3Sai
were randomised to be fed specific preteror term- formula from discharge to 6

months of age, or the specific preterm foula until term corrected age, then term

formula until 6 months old. ThEerotein Study(Embletonet al, 2001, Embleton and

Cooke, 200pdza SR &AYAf I NJ YSGK2RA YR NIbiflR2 YA & SF
weightl Yy R é¥8oSnestaion) into 3 groups. The groups were then gigaa of

three milk formulas which had different protein concentrations (g.3.0gand

3.39/100ml formulajut the same calorie densityrhey were fed theelected formula

from time thatthey begarenteral feeding until 12 weeks after term (corrected

gestational age)There was @malltime period of overlap between recruiting for the

two studies and thought the reaitment criteria above were clear, one set of low

birthweight (but 36 weeks GA) triplets were include as breastfed controls, as were

siblings of eligible infants whose birthweight was >1750g.

Both studies looked atutcomemeasuresncludingbody composion (by Dual Energy
X-Ray Absorptiometry [DEXA] and skinfold thicknessiropometry(height, weight,
length, head circumference) amavolved takingserum sampleto asses®ody
biochemistry (including lipids). Extended folloy visits, when other meases of
development were assessed (mental and psychomotor developmental indices), were
undertakenuntil 24 months of age. In totamore than 2@ infants took part in the

initial studies.

At the age of 1612 years, the cohort was revisited in a furthemdy looking at growth
and insulin sensitivity. In this study, the anthropometric measures were repeated and
further blood samples taken to examine insuensitivitywith respect to

contemporary body composition, growth in the intervening years and danigint)

growth patterns. Of the original cohort, 153 children consented to assessment, 139

had assessment including DEXA and of these, 109 had blood sampling done.
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Body composition: 3,6,12months
Auxology: 12, 24 months )
Bayley Scales Infant Development: (Wechsler __._wnm___mm:nm Scale
Growth Study 18months for Children Il1)

(n=113) » Age 10yr

Cognitive development

Early adolescent follow-up Growmore Study

(n=153) (n=60)
Age G-13 Age 12-18
Auxology Auxology
Bloods MRI/MRS
Body composition Actigraph
Protein Study (n=134) < Bloods

Auxology and bloods: 4,8,12 weeks
Auxology: 6,12,18,24 months

Body Composition: 3 months Cohorts merged for

follow-up
Total Recruited: n=247 Total completed
assessment: n=220
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1.11.1 Protein Study

The protein study looked at the differences that occur when preterm infants are fed
iso-caloric formulations with different protein concentrations. It demonstrated that
both weight gain and nitrogen accrual were improved in childréo were fed the
high-protein formula once enteral feeding had been establisf@dokeet al., 2006.
This was without any of the feared si@éfects of a high protein formulation expressed
in contemporary literature such as acidosis and excess nitrogepounds in the
blood. The study also showed that on the higjotein formulation, the rate of growth
was greater than that which would have been expected in utero: this demonstrated
that the protein intake (not calorie density) of the formulation was m@sgble for

good catchup growth. It also showed that weight gain was best in boys fed the high
protein formula, suggesting that even high protein formula may not be meeting the
growth needs of girls in this critical period. The study also demonstratecathagh
protein formulation would promote better growtprior to hospital discharge

(Embleton and Cooke, 20D5

1.11.2 Growth Study

The growth study looked at the differences that occur in preterm infants when fed
RATFSNEBY (I WogK2fSQ F2NNdzZ a4 ONI GKSNJ GKIFy |
study). Specifically, there was inclusion of a pretéonmula group (higher calee,

protein and mineral contents). This demstrated that differences imery early growth

persisted to 6 months of age and that, dependent on the calorie density of the milk,
children would upor downregulate their intake (volume) to get the calorideet

required for growth(Cookeet al,, 1998. By 12 months, those fed on the preterm

formula consistently had increased lean and fat mass (theraformcrease in % fat
massjCookeet al., 1999 Cookeet al., 2010 which is at odds with the suggestions of

some aithors (Ong, 200ywho have suggested preterm infants are more likely to
RSLIZAAG WOSHYANIRAA BNR L2 NI A2y §St& G2 Sy
formula group the magnitude of catalp growth shown was greatest, and boys grew

more than girl{Coole et al,, 1998 Cookeet al., 1999 Cookeet al,, 2010. This

disparity between the sexes was not previously reported in preterm infants.

Developmental atcomes were studied in the growth cohort at 18 months of age

(Cookeet al., 200). It was found that girls have better psychomotor and mental
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developmental indices than boys but there did not seem to be any difference in the
cohort ascribable to the formula given to the children. Differences in the growth

patterns observed previously were also maintained.

1.11.3 Most recent assessment

The cohortwas seen lasttadhe ages of betwee0 and 13 years of ageChildren from
both the protein and growth study were reviewed. Data taken at the time (as yet
unpublished) showed that the developmentm@ducedinsulinsensitivitywas not
associated with rapid growth and vggit gain in infancy. However, the change in BMI
since infancy was correlated with contemporary fat mass and level of irsarisitivity
(Korada M. et al. Presented aPAS, Baltimorg2009) A small number of the cohort
also had epigenetic analysis whighK 2 ¢ S Rpatieriid-ofiweight gain or body
composition are related to gene expression, and differences in DNA methylation of
specific gene§Groom A.et al. Presented aDoHAD, Chil2009) These data
suggested strongly that in the cohort, there hagelm strong influences on health
which were not directly attributable to infancy despite the marked difference in
growth that had been demonstrated by nutritional manipulation started prior to

discharge home.

1.12 Study design

It is importantto acknowledge thathis study sits within a largerigceof research
following up the Newcastle Preterm Birth Growth Sty TBGSR)phort (Woodet al.,
2013 longitudinallysincebirth. While there is a degree of opportunism in the study
RSaA3dy O0APSd GKSNB A& | WoAIISNI LIAOGAZNEQ
collected to enrich the longitudinal dataset) all of the assessments used were planned
in order to minimiséhe inconvenience to the families and children who volunteered.
To this end, serious consideration wasegivo the merits of spending some of the

limited funds for the study on agmatched controlgo perhaps place the data in a

more generalizable contéxWhile this would have provided an interestiogmparison

for some of the MR studies and serum data, the control group would not have been
big enough to match the spread of ages within the study cohort nor pramdegh

power for the control group dat&o be robust(due to lack of numbers). The study,

therefore, remained an observational cohort studhis modeloffers most
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opportunity for investigation of the cohort group at this time, while preserving the

longitudinal data collection ethos underpinnitizge researchas a whole.

When planning this study, it was also acknowledged that it might be the last time that
a significant number of the cohort could be recruited into a stagisode The

NPTBGS study group felt, therefore, that it was an importapoofainity to look at the

use of different and novel modalities of investigation (e.g. MRS, BODPOD, SCRAN24,
accelerometers) from the perspective of how they could be used, closely integrated
within single study visits, to provide data. This would then peghgo on to inform

future studyplanning for longitudinafserial visits)multimodal assessmeim

interventional studiesvith future cohorts of children born preternThis is reflected in

some of the data presented in the results chapter.

1.13 Study Aims and Hypotheses

1.13.1 Growmore Study Hypotheses

From the data collected at previous visits from the study cohort and the evidence in
the literature, thee arefour hypotheses underpinning the currestudy. hese are

presented below as null hypothesesgarding a chort of adolescents born preterm

1) In adolescencemuscle mitochondrial oxidative capacity quantified by 31P MRS
will show no association with physical activity levels, adipose tissue

distribution, sensitivity to insuliyor vitamin D status.

2) In adolescencelHL accumulation will show no association witin be
determined by insulin sensitivity, serum lipid profile and compartmentalisation

of body fat deposits

3) In adolescence, there will be no measurable association between body
metabolic outcomegspecificdly insulin sensitivityandbody composition,

nutritional intakeor directly measured physical activity.

4) Auxological methodsspecificallyskinfold thicknessneasurement techniqugs

of assessing body composition will not correlate well vgtid standard
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correlate with directly measured lipid deposition in the cohort {URS)

1.13.2 Growmore Study Aims

Thestudyhadthe following aimsvhichguided the study design, the investigative

methods choserand the data analysis:

T

To investigate whether contemporary fat mabgid distribution and
compartmentalisatiorin adolescentswho were born pretermis related to

directly measured metabolic outcorae

Toinvestigate asociations betweeneduced insulin sensitivity, exercise,

prematurity and mitochondrial function in the cohart

Todeterminethe potentialinteractions betweenadipose tissue
compartmentalisation, lipid deposition, reduc@tsulinsensitivityand other

specific factorsquch agliet andmeasured physical activity

To determine the feasibility of using tlstudy visit protocohs repeated

assessments in a future, controlled interventional trial.

To collectserumsamples for future epigenetic/RNsxd metabolomic analyses
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Chapter 2. Methods

2.1 Cohort selection and recruitment

As describedthis observational cohort studgecruited from a cohort of individuals

who have previously been involved in research studies. The study participants
recruitedattended a single visit tthe Newcastle MagnetiResonance Imaging Centre
(NMRC)on the Campus for Ageing and Vitality at Newcastle Univedsityng which

all but oneof theinvestigations were completed within a fetiour timeframe At the

end of the study visit, the participants were issued witbre-programmed
accelerometer (Actigraph) and instructions for using it in the three days immediately
after the study.Due to the cost of the multiple tests the studsas limited to 60
participants The protocol for the study has been peer reviewed and ishled(Wood

et al, 2013 as part of abroaderspectrumarticle discussing the research in which the

study cohort have participated since birth.

2.1.1 Recruitment

1530f the originalcohort participated in themost recent studyWe had previous

contact details and permission to contact?2df the children from the original NPTBGS
cohort. It was anticipated, therefore, that recruiting 60 children from the same cohort
would be feasible in the timescale allowed for the study. No active selection process
was used (i.e. no discriminators based on previous study results were applied to the

selecting participants from theohort to avoidbiasin the process of recruitment).

In line with the previous studies involving the cohort, wedsa standardpaperbased

recruitment with three phases:

1) The NHS Summary Care Record (SCR) was accessed in a strictly limited fashion
by me (as per ethical approval) to obtain current General Riaer (GP)
details for the cohort using the NHS number for each child, which we held
already from participation in previous research. For those with a registered GP,
who were listed as alive on the SCR,aontacedthe O K A f SERI® ¢rnQure
the contect details we hd were correct and that the childrewere alive and
well. The GP was required to reply with a standard form stating that either the

details we held were correct, or providing any updated details as appropriate.
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Of the 24 previouslycontaced children, we were able to find current
complete details for 235TherelevantGPauniversallyreturned the information
slipswithin the time frame of recruitment and we contacted everyone for
whom information was confirmed by the GP as correct or updatering the

recruitment period.

2) Once we had a response from the #Ral n=235) we contactedhe parents
by mail énclosing the projednformation sheets) to ascertain interest in the
study. We requireda response by mail using a standard reply sheet a
stamped, addressed envelop&.maximum ofwo invitations were sent to each

traceable cohort member.

3) Once the family confirmed interest in the stu@yfollow-up contact to provide

any extra required information and to arrange a visit da#s made

The study visits were then assigned on a fastne first served basis according to the

parental replies.

Written consent forparticipationwastaken at the study visjtafter a review of the
information sheet and verbal briefing about the process. Botrepa and child
specificforms were used and the botad the option toacceptor declineanypart of

the testing at any time during the study visit

2.2 Investigative methods

Participants attended the visits following an overnight fast with no food aftieinight
prior to the morning of the visit. All visits were carried out in the morning to facilitate
this. Participants were allowed a small drink of water up to two hours before the study

visit start time.

The following methods for data collectioreve used during the study visiThe visit

flow chart can be seen ifigure 3
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Study Protocal Flowchart :

Consent
Topical anaesthetic cream applied
Anthropometry (weight, height, BP, skinfold thickness)
BODPOD™
Baseline bloods and glucose load
MRI scan (1H MRS liver; 31P MRS left calf before, during, after exercise)
2 hour bloods
Dietary Recall and Intervention Questionnaire
Actigraph briefing and issue

Actigraph and feedback questionnaire collection

Figure 3 Study protocol flowchart

2.2.1 Anthropometry

Eachparticipant hadmeasurement afheight(to the nearest 0.1m) using atelescopic
stadiometer (SECA, Birmingham, With the head positioned so that the Frankfort
plane was correctly attained and the stadiometer arm was resting on the crown of the
head (to ensure standardisation between participantegight (to nearest 0.1kptaken
FTNRBY GKS . h5 th5u 6/ h{e@ghgwaistiitcumfereuzM@ y 3
the nearest 0.tm)using a selfetracting, soft, plastic measuring tape (BMI measuring
tape,model no. CWSG26852, CTO group, Chiith)the waist taken as the transverse
plain midpoint between the lower margin of the riaad the upper edge of the

superior iliac crestandblood pressurdmmHg; sitting, right arm) using an automated
oscillometric sphygmomanometer (Carescape vital signs monitor, GE Healthcare
systems, UK) with appropriately sized cuff (to cover the upperas much as

possible, but not including the elbow nor impinging on the axllch measurement

was taken up to three times (if two concordant readings, this was recorded; otherwise
three were averaged) with the exception of the BODPOD which took twaodaat
readingsof bodyweight during its usek-rom these measurements, body mass index
was alsacalculated Height readings were also used in analysis to generatmésts

and fatfree mass indexes, as well as indexing the satsdominal lipid measuremes.

Standard deviation (z) scoréSDSyvere calculated for height, weight and BMI using
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standardUKreferencedata (Cole, 1997Coleet al.,, 1998

(http://www.cdc.gov/growthcharts/percentile data files.htjrand an online

calculation tool to generate the score (Quesgen Systems:

http://www.quesgen.com/tools/BMIPedsC3lcThe accuracy of this tool was checked

during analysis and crossferenced to another online tool which generated the same

values as the chosen todit{p://www.stokes.chop.edu/web/zscorg

2.2.2 Body composition

Holtain (Crymych, UKjaliperswere usedto measure skifold thicknessn four areas
following thetechniquespublished by Durnin, Womersley and Rahnf@arnin and
Rahaman, 196 Durnin and Womersley, 19Ficeps, triceps, subscapular and
suprailiac. Each measuremenasrepeatedup to three times if two concordant
readings were obtained, this was recorded; otherwise three were taketthe
averagerecorded Theinvestigatorwas trained in the technique of skinfold
measurement by members of the Diet and Nutrition &y of Infants and Young

Childrenprior to the study commencing

From trese measuremenisa measure of body compositioragcalculatedusing the
logarithm of thesum of four skinfolds to generate a body dengstimate.The body
density formulae use{@©urnin and Rahaman, 196are sexspecific and age
RSLISYRSY(G 6fmy 2N xmy &SI NER 2f Ruspecifick S
formulae to calculate percentage bodatf(see below). In addition, the equations for
estimate of body fat used by Slaugh{&aughteret al., 1988 from two skinfold
measurements (triceps and subscapular) were calculated. These measures are
commonly used in North America. Six differequationswere requiredas per

{ £ I dz3 K { S N3pecifiddkpaeSdr &ldd group within the cohort defined agre-
pubescent (Tanner Stage 1+2), pubescent (Tanner Stage pparpubescent
(Tanner Stage 4}3vhite males with sum of two skinfolds <35mati;females with
sum of two skinfolds <35mm; any males with sum of tkinf®lds >35mm and any

females with sum of two skinfolds>35mm.

Air-DisplacemenPlethysmographyasused to provide a second measure of body
O2YLIRaAlA2Yy dza aygten(QDSMED, USA). TinahiBvasive method

measures thalensityof the test subgctand has been validated in childr@rields and
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Goran, 2000Fieldset al., 2002 Fieldset al., 2004a Fieldset al., 2004k Ball, 2005.
The BODPOD useddtaf 42 0 S Sy -K2IdgaASRYIZ( S\R/ Wobytrithed = Ay

electric bioimpedance technique also used at the NMRC.

All volunteers o underwent BODPOD measuremewgre in a fasted stateo try to
standardise hydration status and density measurementemeasuremeniprocess
involved calibration of the masurement chamber (empithenwith a standard

cylinder of known volume) then the participant sits in the measurement chamber. The
difference in volume by comparison with tlealibrationvolumes allows calculation of

the participant volume and thus, in cpumction with the measured mass of the
participant, the body density can be calculated. The software programme that controls
the BODPOD measurement requires two consistent readings. In the event of disparate
readings, it takes a third to produce a usableasurementOur participantswore a
tight-fitting swimsuit or equivalent (to minimise the loose clothing which might

interfere with the reading) and a tigkitting hat to prevent hairvolumeisothermic
interferencewith the measurement. The biggest diffity that was faced was ensuring
the children sat still during the measurement, but all vdgreed to be measured in

the BODPODNES8/60) managed to achieve a measured density.

Unlike the method used by Fiel@Sields and Goran, 200Bieldset al,, 2004a Fieldset

al., 20048 we did not directly measure the cRINB Yy Q& G K2 NI} OA O 3Al a &
BODPOD software gives an estimated thoracic gas volume based on the height of the
participant.Data from a preliminary study by Holmes et al. suggests, ttahpared to
hydrodensitometry and aidisplacement plethysmographysing measured thoracic

gas volume in those aged12 years olduse of the estimated thoracic gas volume is
acceptabléHolmeset al,, 201]). Using this estimate meant that we minimised the

length of time in the BODPOD for the participants in order to mgenany discomfort
associated with being exposed in a swimsuit. In a study with adolescents where there
were many different measurements being done, we decided that the evidence
supported this pragmatic approach to minimise the length of time spent in the
BODPOD. It should also be noted that direct measurement of thoracic gas volume as
described is difficult to achieve in paediatric subjd€igldset al, 2004h. As such,

while using the predicted thoracic volume might introduce error in any individual
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measurement, it should be a consistent error across the cohort which therefore

minimises impact on the correlation analyses.

Converting body density into percentdgedy fat

For both the skinfold thickness (sum of four) and BOD#Oniques a body density
measurement is generated. In order to convert this to a percentage body fat
measurement thedensity measurement is entered into aquation of body

composition either thatby Sir{Siri, 1956 Siri, 196}, applicable to those aged 18 or

over, or Lohman(Lohman, 198pwhich is a modified version of the Siri equation to

take account of the age of the child (by usaggstratified constants in place of the
TAESR Ol tdzSa Ay {ANRQa Sldzr iA2y0d ¢KA& 6|
was calculated automatically by the BODPsaiwareand a percent fat reading

supplied (in addition to the fat massd fatfree mass readings kilograms). For the
skinfoldand BODPOR&chniques, a fat mass was calculated using the percentage
result and known bodyweight, then indexed to produce an FMI and FFMI comparable
to that generated by th&8ODPORechnique.This ensured tat there was some
correction for body habitus and allowed better withgmoup comparisorfVanltallieet

al., 1990.

2.2.3 Blood sampling and oral glucose tolerance testing

The study participants fasti for around 8 hours overnight prior tattending thestudy
visit. This allowd a standardised fastingtate oral glucose tolerance test (OGTT) to be

performed(Colley and Larner, 1990

For those participants who consented to this investigagovenous cannula was
inserted (22G Jelco, Smiths Medical, Kent, i€} to the adminisration of the
standardoral glucose loadZ.6ml/kg oft 2 f & [QutricaClinical Care, Wiltshire, UK]
up to a maximum of 113miequivalent toa maximum of7/5g anhydrous glucose)
series of baseline blood tesffor lipid profile, liver function, gluces insulin sex
hormones,RNA, cellular DNA arsgrum to stor¢ were takenat insertion of the
cannula Those participansin whom it was possible to site a canndiad a repeat

sampling (for serunglucoseandinsulin) two hours after the oral load was fshed.

Thewhole-blood samplestakenfor glucosenvere immediatelytestedusing the glucose

oxidase methodjlucose analysevellow Soringsinstrument[YS]) 3000 Yellow
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Springs, OH)'hey were then centrifuged (at 3000 rpm for 10 minutes) to isolate
serumwhich was then tested using the same machine. Prior to use and at regular
intervals throughout the visits, the YSI3000 was calibrated using a 10mmol/L quality
control solution and variance of £0.2mmol/L was considered acceptaliiempts

were made to spithe samples for glucose within minutes of collection but this was
not always possible because of demand for use of the centrifuge. Therefedpdhe
extra processing stegnd the sometimes unavoidable delay in centrifuging samples,
the whole blood sample glucose readingsere used in the final analyses in preference

to the serum glucose.

The samplefor insulin analysigvere collected in a preservative fraeacutainersand
allowed to coagulate before centrifugatiamthin 30 minutes of collectioriTheserum

was thenpipetted andstored separatelyat -70°C Once the study cohort visits were
finishedthe samples were transported from NMRC to the laboratories, frozen, and
analysed immediately once thawed in the laboratoridse ihsulin samplesvere

analysed as a batchogether, (courtesy of Annette Lane, Institute of Cellular Medicine,
Newcastle Universijyusing the Dako Insulin ELISA Kit (Dako Denmark, Glostrup,
Denmark)with the final plates read photometricallfjRepeat measures were carried

out everyseventhsampleto ensure quality control andll were within acceptable
tolerances(accepted coefficient of variatiolor this ELISA i55%) For analysighe
fasting insulirand glucose measurementgere used toestimate insulin sensitivity and
resistance using the bimeostasis Model Assessment(JMA) method (Matthewset

al., 1985 Levyet al., 1998 Wallaceet al,, 2004. In addition, the index pioneered by
Matsuda et alMatsuda and DeFronzo, 1998eckekt al., 2009 was also used to
examine the disposal of glucose after OGTT in analysis, as it offers the advantage of
quantifying thephysiologicatesponse taa glucose load (not offered by the HOMA
method).

The blood for lipid profileand, liver function was analyseuif-site at the Royal Victoria
Infirmary (RVI)Biochemistry laboratories immediately after the study visit finisHad.
betweensampling and delivery to the laboratories, the samples were stored4°C

fridge, on site. Samples were transferredm NMRC to the RVWh ice in a freezer bag

by the investigator.

46



Spareserumwas separated from using the same methods as for the glucose samples
andstored frozen-70C freezer on site at the NMRG) potential futuremetabolomic
analysis at the Newcastle Biomedicine Biobank facil2yring the final stages of our
studydata collectionSinha et a(Sinhaet al., 2013 demonstrateda clearassociation
between skeletal muscle mitochondrial oxidative function and serum vitamin D levels
in patients with Growth Hormone deficienaging the sam&1-PMRSmethodology as
we had in our participant®reterm infants in ifancy and later in life may be
nutritionally disadvantaged compared to their term peers areltivereforedecided to
use some of th saved serum to assess fasting vitamin D levels in our coWertelt

that this would be important in correct interpretatioof our MR dataThe frozen

serum was transported to Manchester (courtesy of Dr. Jacqueline Béarychester
University) where it was assayed using thguid Chromatographyandem Mass
Spectrometry (CMS/M§ method to obtain a 280H Vitamin Quantitation. This was

then includedin the analysis of the 3P MR datgsee later methods).

2.2.4 Epigenetic sampling

Participantsavho consented to blood sampling weasked toprovidetwo samples for

later epigenetic analysiRNAO2 f £t SOGSR Ay | ampletui@Sy Su =+ Od:z
(PreAnalytiX GmbH, Switzerlgndnd an EDT¥acutainer sample from whicheellular

W LIS fvdséiiiafted All participants were also asked grovide2ml of saliva into an

Oragenet Pot (DNA Genotek, Cangdaomwhich DNA analysis could be don&o®

collected, these samples were stored in a 4°C fridge until the end of the study visit and
then transferred to the International Centfer Life ICFL)n Newcastlein a freezer

bag, by the investigator

As all three sampletypescontaired cells, they were subject to the Human Tissue Act
(HTA), 200dHuman Tissue ARIDO04). In compliance with this and the local HTA licence
(no. 12534, held by Newcastle Biomedicine Biobankstmples wre processed at

the International Centre for Lif6CFl.Newcastle, UKo extract the genetic material
using standard method&roomet al.,, 2012 Reltonet al, 2012 Turcotet al., 2012

within 7 days of the sample being taken. Once extractedgémgetic materialvas no
longer subject tdhe HTA andvas prepared fostorage on site athe ICFL for future
epigenetic analysis. Study paipantswere made expressly aware that theyere

providinggeneticsamples fofuture analysisand given the opportunity to opt out of
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this process. All genetic samples were labelled and stored anonymously using study
numbers to ensure that there was mmtential for misuse of any genetic information

found in the future analysis

2.2.5 Pubertal staging

All study participantsvere asked to selassess their pubertal status using a booklet
outlining the standard Tanner stagififanneret al., 1966k Tanneret al,, 19663 of
pubertal developmentFemale participants/ere alscasked whether they hch
undergone menarche and,they have an established menstrual cycle, to estimate
what day of their cycle it is at the study viditiis information was used to control for

pubertal status when assessing insulin sensitivity.

2.2.6 Magnetic Resonance Imaging studies

All of the MagnetidResonance Imagin$yIR)) studies vere carried out by theResearch
Radiographers at NMRC, wiemsured the safety and comfort of the participamsthe
MR suite A separateNMRGspecific MRI consent and safety questionnaire was
administered by the Radiograprs (in paallel with the Study ConsenbFms) for all of
the children prior to starting the MR sequences. Thiadrenwere allowed to be
accompanied by a paremtto the scanner room if they wanted, but none took up this
opportunity. Of the 60 participats, one wasleemed to be unsuitabléor scamingas
they had permanent metallic cosmetic implantstireir anterior abdominal wall that
would have posed a thermal injury risk and also have degraded the study inTdges.
59 children who underwent the scamotocol all provided images of suitable quality

for analysis

The MR study protocatlas trialled with the investigataas a test subjegprior to any
participants being scanndd ensure thatthe scan protocol coulde completedwithin
one hour (as stipaltted by theStudy Protocol submitted to, and approved by, the
Ethics Committee). TheBeslaAchievaMRI scanner (Philipgéndover, Massachusetts)
wasusedin conjunction within-housemodified coils to generate the images and data
for analysigTrenellet al, 2008 Limet al, 201Q Limet al, 2011g. Analysis oftie
resultswasundertakenby theinvestigator after tuition in the methodology by

ProfessoM. Trenelland Dr K. HollingswortfNMRC).
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The scan protocdbr each participanstarted with abdominal scanning (head into the
MR scanner). After approximately émty minutes, the participants changed position
under the guidance of the radiographers and went f&egt into the scanner for the

exercise scans.

Measurement of intrahepatidpid

Two methods for measurement of intrahepaligid (IHL)were usedo collect datain
the study: the Ixon method(Dixon, 1984Glover and Schneider, 199ardyet al,,
1995 and'H-Magnetic Resonance Spectroscopy (MR&)sworthet al, 2011 Limet
al., 20113.

For bothtechniques, the participant was laid supjrieead first into the scanneand a
Philips Sense Cardiac 6 Channel(€Willips, Andover, Massachusetaced over
them, centred a the xiphisternum. Standard survey and exiee scans were then

carried out to ensure correct positioning of the subjpdor to data collection

DixonSeqguencing

A 3point Dixon sequence was théaken from mid to superiokliver in 6 cross
sectional sliceslOmm thick with singlslice gapsho provide the images required. The
Dixon methoduses inand outof-LJK I & S A Yl 3Sa G2 LINRRdzOS
scanned structure, with the differe@e compared to the original imageonwater

area) being pure fat. Thus an amount of intrahepatidligan be estimatedn our
participants, howeverthe levels ofintrahepatic lipidwere found to be sdow that we
were unable to obtain accurate results framnalysis of thescandata. There was
insufficient fat content in the liver to alloneproducibleestimation of fat content

using the available softward his method was, thereforéjscontinued afteiinterim

review of the data obtained
IHMRS

Following the Dixon sequence, the participants underwaiht-resolved
spectroscopy (PRESS) imaging to deiee the levels of fat in the liver by generating
IH-liver spectrgQayyum, 2009. The participants were required to perform several
breath-holds in order to accurately place the sampling v@g88k30x30mmjn the
superior portion of the right lobe of the liver, avoiding any large liver vessels. They

were thenrequired toperform a furtherl6.8secondbreath-hold during which T2
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PRESS scanning was performed to measureeiagation timeof the spectroscopy
peak signals over time. This was done in all subjetto underwentMR scanning.
Individuals required coaching and@uragement during the scan to maintain a

suitable breathhold as failure to do so gave distorted results during the PRESS T2 scan.

Initial analysis of théH spectrgfor an example sefigure 4 was done using the
Advanced Method for Accurate, Robustdeefficient Spectral fitting (AMARES)
algorithmin the j]MRUN3.0software packag@/anhammeet al,, 1997. Once this was
complete,further processing was done to calculate the %IHL. This is, by convention,
the % of CHllipid peak signal amplitude relative to the vesitpeak signal amplitude

after correction for T1 and Tizlaxation timegNaresset al, 2001 Thomaset al.,,

2005 Gardneret al,, 2019. This method, however, was found to be inaccurate for a
number of children at the interim review because their IHL levels werevethlat the
AMARES program coubbt be used toaccurately plot the fat pea#turingrelaxationin
the T2 sequence. In order to overcome this, the area under the curve abéineath

the water peak(at 4.26ppmandlipid peak petween 0.9 and 2.2ppnmyas
integratedQayyum, 200Businga Matlab (The Mathworks Inc, MA, US&lgorithm
designed by Dr Kieren Hollivgarth, after AMARES processing of the PRESS T1 scan.
By using the assumption afstandardrelaxation time for the water pea26mg and

fat (71mg this then allowed, as outlined above, expression of the lipid peak as a %
relative to the water peakWhilethis method did not use directly derived water or fat
relaxation times, it did bow reproducible estimates of IHL content for all of the

participants who had a scalt.is this data that is included in the subsequent analysis.

Measurement of intraabdomnal fat

While in position for abdominal imaging, the participants also had a further Dixon
sequence taken to determine intrabdominal fat content. The 3 point Dixon sequence
was centred anatomically around the L2/3 junction in order to allow reprodugibili
between participants and give some measure of centrally located,-aticominal fat.
This level was also chosen as it allowed the scan to be commenced without the need
or repositioning of the body coil, which contributed to the scan protocol being

achevable within the specified time frame of 1 hour.
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Figured: An example of 1#IRS spectra in a normal and4atded liver (courtesy of
NMRC)

The abdominal Dixon sequence took 6 cresstional slices (as for that outlined for

the intra-abdominal lipid ontent) with the third slice corresponding to the L2/3
landmark. Once taken, the fat percentage data was converted using Mabia.PAR

to .hdr format which could be read by imageJ software (opensounege reading
program, National Institutes of HealthUsing imageJ the fat percentage image was
converted to a binary representation (pixels containing fat or not) and then the total
area of fa was calculated (cf). This was then further classified as either visceral
adipose tissue (VAT; i.e. that whiclasvfound inside the abdominal cavity) or
subcutaneous adipose tissue (SAT; adipose tissue outside the abdominal cavity). These
values were then converted into a VAT/SAfio (Brambillaet al., 2009 and also

indexed against height to provide some reference to body habitus given that the area

was of a single crossection only. These data were then used in analysis.

Measurement of mitochondrial oxidative functio

Once the abdominal sequences were finished, the children were repositioned, feet
first into the scanner and with their left foot placed in a custamade exercise rig as
described previously in the literatu@oneset al,, 201Q Sinhaet al., 2013 to allow a
standardised exercise protocol during whi¢R-MRS was carried out to assess

mitochondrial oxidative foction.
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Figureba: A typical spectrum (top right) generated using 34RS techniques, and
stackedspectrademonstrating the change in PCr levels over time during exercise

(depletion) and recovery.

Figure5b: an example of 3RS spectra generateding the custorbuilt rig

(courtesy of NMRC, Newcastle University)
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The custorrbuilt exercise rig allows plantar flexion movement between 0° to 30° with
the foot starting in the anatomical position for the left leg only. This effectively isolates
the calf nuscles during the plantar flexion without other muscle groups being

involved. Resistance to plantar flexion can then be programmed into the exercise rig at
any level the operator sets. The participants were supine (as with the abdominal scans)
and leg regtaints were used to prevent deliberate use of thigh muscles in assisting
work against the resistance rig during exercise (particularly quadricéps)exercise

rig was used prior to the exercise testing to quantify the calf muscle group maximum

voluntarycontraction (MVC) for each participant.

In order to generate thé'P spectrgfigure 59, a Dcm diametert'P surface coil was
placed over the calf muscles, centred on the widest part of the gastrocnemius/soleus
complex, for transmission and receptiontbé signalOnce the MVC was recordad
the participants had had time to recovehe exercise ri¢figure 3) was set to provide
resistance of 35% of MVC, afif spectra were recorded over a three minute time
window to assess resting mitochondrial ftiloo. This was immediately followed by a
three-minute exercise perioduring whichthe participants were required to perform
plantar flexion against the set resistance at a frequency of 0.5Hz. An audible cue at this
frequency was provided to ensure regutaythmicflexion. It was reinforced by
tapping on the shoulder if the children were unable to match the frequency with
rhythmicplantar flexion in time to theudiblecue alone. With these measures, all of
the children who attempted the exercise were albdeaccomplish the task. After the
three-minute exercise, there was a rest period. MR phosphorous spectra were
gathered every 10 seconds during the regerciserest protocolusing adiabatic One
Dimensional Imag&elected Invivo Spectroscopy (2[51S) This protocol has been
shown torobustlymeasure mitochondriabxidativefunction during recovery from
exercisgJoneset al, 201Q Sinhaet al,, 2013. Using a 35% MVC protocol alone
(rather than a 25% then 35% sequenceg also allows collection of pH change data by
spectroscopy without the need for a longer time in the scanner. This allowed us to
ensure that PCreadings are representative with respect to pH influence on tHe@i
flux and also calculate’2 ADRrom the measured data without unnecessarily

prolonging the scan time for the children.
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The phosphorus spectra were analysed in batches using the EBlARorithm in

JMRUI using a prior knowledge base, and from this quantifications of PCr, inorganic
phosphate (Pi) and pH throughout the protocol were obtained. The data were then
processed to calculate the various components of oxidative metabolism asilokxs

by Kemp and Rad@&emp and Radda, 1994hange in pH was calculated by
measurement of the changing horizontal displacernef the Pi peak from the PCr

peak on the’’P MR spectruifikemp and Radda, 1994 single exponential fit was

then used to estnate the halftime to recovery within the muscle represented by
recovery of equilibrium of PCrePCR) and ADP4ADP) as described by Jones et al
(Joneset al,, 2010. Occasionally, this technique did not yield properly fitted ADP

curves due to inorganic pisphate splitting. This phenomenon occurs when the
sampling voxel crosses two or more muscle fibre groups such that the flux being
measured is effectively two or more independent groups, hence no clear single peak is
registered: instead there are severahaller, agnchronous peaks which cannbé

analysed in the standard fashion. On the few occasions when this was observed during

data analysis, the sults had to be excluded from correlation analysis

In the postdata-collection processing it became clehat the end exercise pH reached
by our volunteers varied considerably. It is recognised that the pH can have an effect
on the_%PCr values and there is a wedtablished poshoc correction that can be
madg(lotti et al., 1993 which references the resudtto the mean minimum pH

achieved across the cohort. This changes the absolutdih@adfresults but allows
referenced comparison within the group for comparison and correlation to other

measured variables.

2.2.7 Dietary recal I: SCRAN24

To assess thparticipant dlets, we usd the SCRANR4 programme developed ke
teamat the Human Nutrition Research Centre (HNR@ewcastle UniversiffFoster
et al, 2013a Fosteret al,, 20130. It is acomputerbased,guided softwargrogram
which ook around 30 minutes to completen a laptop computer, per participant is

a recalldiarytool.

SCRARR4 uses a series of stefisdetermine the times of food/drink intake over the

24 hours prior to using the program. It asks the user to list chronologically the items of
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food or drink consumed in the 24 hour period under a series of headings (breakfast,
mid-morning snack, lunch ef). It then breaks down each intake into their component
parts. For the majority of foodstuffs (98% of those) regularly consumed by children in
the North-East of England, the program contains a listed item.-hNaed items have to

be entered in fregiext. Once the items are selected for the full 24 hour period the
program then revisits each episode of food intake and prompts the participant to
assess and log portion size based on a series of ghaded choicesA final step

prompts the user to try to lik food and drink intake with activity through the day and
highlights any times of the day during which nothing was ingested as particular areas
to focus on. This is done to try to improve recall and thus improve the sensitivity of the
diary.Once the partiipant has completed the portion sizes for all chosen items, the

program saves this information in a database file.

The database file contains pprogrammednutritional information for all of the listed
items choserand based on the quantities selectgub(tion size) for each item. As

these have been seen and selected by the participant, it removes some of the
interpretive steps that might have occurred in a traditional written recall diary. It also
avoids the bias of a prospective diary which occurs wdietary modification occurs

due to observation. For the free text items entered in the program, significant dietetic
experience is still required to accurately assess and enter the required data into the
database. SCRARNI has been validated for use initdrenin the NorthEast of England

agedl1 years of ager over.

TheSCRAN data was only collected on one occasion (during the study waatjrdn

the recallwould bemore robust if repeated on-3 separate occasions per child, but

due to the extensie nature of the tests at the study visihd the fact that the logistical
framework to conduct followup home assessments was not availaltievasdecided

to restrict this to a single assessmefmhis was approved by the REC who felt that
minimising interuption to theparticipant) f A @Sa g+ a AYLEZNIFydo
natural variation in dietary intake due to extrinsic factors (e.g. weekend vs. school day;
after-school activities etc.) may therefore have had an impact on the reliability of the
resuts based on one recall session alone. However, it is not unreasonable to assume

that those with highkfat, high-carbohydrate diets are unlikely to have changed to a
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healthy diet the day before the study visit. Other sources of bias such as failed recall

are equally applicable to SCRA2H as a written recall diary.

2.2.8 Direct Measurement of Physical Activity

The children were given the opportunity to take home an accelerometer at the end of

the study visit in order to directly measure their physical activityafperiod of three

days.The process was explained and wearing of the accelerometer demonstrated prior

to the candidate agreeing to take it home. All of the children agreed to try the process.
Apool of six, calibratedccelerometers were used collect he data.Accelerometers

have been used for many years to measure directly physical activity in ctiNttoalf

et al,, 2002 and they are well validated for use being practicaiise reliable,
OFfA0NIGSR (2 WwW3I2fR adl yRINRQ UGSOKYAIl dzSa
accurate than selfeporting ofexerciséBasterfieldet al., 2008 Evensoret al,, 2008
Basterfieldet al., 2011a Trostet al., 2011J).

The accelerometers used weletiGraphg Gd1M nodel, MTI, Pensacola, USA)

These are smadind lightweight, uniaxial accelerometer$hey were preorogrammed

to begin and stop recording activiprior to issues to participantrheymeasurel
accelerationof different intensitiesn one {ertical) plane during sequential, pre

defined, short epochs (lseconds) whichvere then downloaded onto a laptop

computer andanalysed after completion of the data collection. They were worn by
convention on the right hip, during waking hours, and the participants were instructed
as to how to wear them correctly to ensure accurate data collection. During wearing,
any displacement of the hip (i.e. pelvis tilt or changing body position) during activity
causes vertical displacement of the accelerometer which is recorded, and thus

jdzl YGAGE GAGS YSI &adz2NB 2 gpmlcad be\calidulatédt iss WO 2 dzy G
recogrised (and was explaingd the participants) that théActiGraphavere not
waterproof and therefore were not wearable durirgtivities such as swimming. They
are also not reliable at recording exercise intensity during cy(mgnsoret al.,

2008. The accelerometers also measured the number of steps takie.
accelerometers were worn for three consecutive days including at least one weekend
day and one weekdeas described in the literature as this provides a reliable
assessment of activitgs long as there is a minimum of 6 hours weartime per day

recorded(Basterfeld et al, 2011h Pearceet al,, 2012. We decided, given the age
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group (12 years and upwards), the requirement from the REC to ensure disruption to
the participants lives was minimised and the fdwt we only had a few

accelerometers to use oarolling basis, that a 72 hour data collection period starting
at 7am the morning after the study visitould be in keeping with the aims of the

study. We assumed that most of the participants would be abladhere to this.

The participants kept a written diary to keep track of the time the accelerometers
were put on and taken off through the day in order to aid analysis and identification of
non-wear periodgBasterfieldet al,, 2008 Basterfieldet al., 20129. The accelerometers
were returned after the period of wear by either drayff to the researcheor by post,

in pre-paid envelopes.

Analysiof the activity data was donesing the Actilife prograrfversion 5MTI,

Pensacola, USA) under the supervision of Dr Laura Basterfield (Human Nutrition
Research Centre, Newcastle University). Usinegdefaned, calorimetricallyreferenced

cut-offs (Evensoret al,, 2008 the data recorded over three consecutive days was

classified into sedentary, light, moderati vigorousphysicalactivity (MVPA) The cut
LR2AYG& dzaSR 6SNBY { SRSy PONEmM; ModarateNclvily [ A 3 |
2296n nMMT +A3J2NRdza al+t@d A AKENSFR2NSBH GLIED | y& |
These cut points are slightly lower than those ubgdther studiegPuyauet al.,,

2002 Basterfieldet al., 2008 but they are calorimetrically referenceahd because

Evenson used ROC curves in her analysis, when compared to otfwdf paints by
Trost(Trostet al., 201]) these cutpoints performed best acrossveide range of ages

of children. It is also notable that adult eaffs for moderate to vigorous activity are

generally lower than those of children and so in an adolescent cohort, using these cut

points is appropriate.

From this, it was possible to calate the time spen{minutes) and percentage tima
sedentary or MVPAVIVPA was chosen rather than looking individually at different
activity levels as it has been shown in qaieterm children in the North East that
MVPA seems to be most closely assaawith body habitus change when followed
longitudinallyBasterfieldet al, 2012 Nonwear periods were defined manualyring
analysiscrossreferenced tothe weartime diary kept by the children and any long zero
count periods (no activity recorded for >1 hour) removed from the analgais
complete record which hadear onless than 3 day®r less than 6 hours afeartime
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per day was rejectedOf the 60children who agreed to participate in this part of the
study, 2 participants failed to wear the devig¢ene not returned) 5 did not wear it for
three consecutive days and effailed to achieve 6 hours weartime per d&his

equated to a satisfactory congtion rate of 84%.

2.2.9 Questionnaires

The study participants completed a paper questionndineing the study visit

regarding their view on what children would prefer for structured activity within a
programme designed to encourage a healthier lifestyle imldren and their families. A
total of ten choices were presented as statements andghdicipantswere asked to

rate each one on a ten point Likert scale. The median and interquartile ranges were
calculated for each outcome. A free text box was inclutteallow suggestions for

other interventions which the children thought might be used. This data was collected
in order to inform potential future interventional studies about which interventions

might be most accepted by a similar teenage cohort andasentedin section3.5

As part of good research practi@ach family who came to a study visit was given a
FTSSRol Ol ljdzSadA2yyFANBE aiAy3a GKSY (G2 (S
enjoy, and what we could do to improve the study. This was filethonymously and

they were given the opportunity to return them on the day or at a later datee

information from this allowed us to make minor changes in approach to improve the
experience during the study visit (for example ensuring accompanyingisakaew

OKIFIG GKSé ¢g2dA R KIS || LISNA2R 2F WR2gyGA
or that the glucosedrink for the GTT was best drunk in one go rather than sipped due

to its viscous consistency).

2.3 Ethical Approval

A favourable ethical opinion fdhe Growmore study was gained (after amendments)

on 9" February 201from Sunderland Regional Ethics Committee (study number
10/H0904/67). Following this, the Newcastle Hospitals NHS trust Research and
Development department confirmed approval on@8larch 2011(study number

5530) One substantial amendment was approved during the course of the stiiély (2

{ SLIISYOSNI HAMHO F2NJ |(where & pficihant SR&Iyeais®ld O2 y & !
living with parents might attend along)his was not, in the evémeeded.
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2.4 Statistical analysis

As this is an observational study with many different measured variables, calculating a
required number of study volunteers needed for the resutisave standard statistical
power toachievesignificance is difficult. Tdis end, the following sample size

estimates were madafter discussion amongst the NPT®Budy group members

1. Based on ffect size data from the coharat the last visitrelating fat mass
index to insulin sensitivitgR=0.12, an 80% power at 5% sifjpance level
would requireapproximately 6Gtudy subjectso detect any significant within

cohort difference.

2. The work using 3XRRSby Sinha et adhowedthat to demonstratea
reduction in_%2PCr of 10% with supplementation of vitamin D to the same
power levelas required in this studfof 80% at 5% significance) required only
10 subjectgSinhaet al., 2013.

Based on these data, it was decided that a study size of 60 individuals would be
appropriate as a targdbr recruitment in order to detect significant withiocohort

variation within the variables measured.

It was decided thathe data generatd would be analysed in various ways suitable to
the comparisons beinmade (Woodet al., 2013. Comparison beteen the volunteers
making up the study cohort andehcohort as a whole at the last visiasemade using
student ttests or ManAWhitney U tests to examine whether ttstudy cohort (fewer

in number) wee representative of the overall cohort for key variables such as
gestation and birthweight. BlandAltmanplots wereused to comparand assess
agreement betweenlifferent methodsexamining bodgomposition(Bland and

Altman, 1986Bland and Altman, 199Krouwer, 2008

Correlation analgis6 SA G KSNJ { LIS NX I yQa wK2 2MasdaAy3df S
used to examine relationships between pairs of variables ssdiiL and insulin

sensitivity, and oxidative function and vitamin D status. More compleadine

regression were thedeveloped using insulin sensitivity, fat deposition and tau’2PCr

(as a measure of oxidative function) as dependent variables. When cotisguhese
models,adjustment wase made for confounding factors such as sex, gestation,

pubertal stage and birth weightscore.
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Primarily the data was analysed using the Stata data analysis prqgidmi 3,
StatCorp LP, Texas US&ailable through Necastle University Computing Services.
Specific analysis of MRS, dietary and exercise data was made using some open source

programs and some bespoke software as outlined abprxier to statistical analysis.
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Chapter 3. Results

As outlined previously, the cohort whohnteered for tre currentstudy were part of

the NPTBGS cohort, formed by amalgamatdtwo original study cohorts. The
recruitment for this study was neselective to try to minimise bias at entry to the

study (i.e. the traceable members of the origicahort(n=235)were all sent two
invitations which contained a response form and a patient information letter). The first
60 to respond and volunteer were recruitegb it was necessary to consider whether
these individuals were representative of theginal NPTBGS cohort. If the current
study cohort was broadly representative of the NPTBGS cohort, the study results

would be more translatable to a wider, gxeterm cohort outwith the study group.

3.1 The study cohort: representativeness of overall preterm ¢ ohort

When comparing the current cohort to the original cohort, data from the previous

time that the cohort was assessed was ugatbodet al, 2013. Gestationahge and
birthweight SDS were used as variables representative of the growth status at birth of
the individuals being compared. The dates of birth of the NPTBGS were used to
confirm that the current study cohort was representative of the original cohosige

(and that the current cohort was not an older or younger-gubup).

In order to make some comparison of the metabolic status of the current study cohort
with the other members of the NPTBGS cohort, at the time of the last study, the
recorded data fobody mass index (BMI), fat mass index (FMI) and percentage body
fat (the latter two measured by DEXA and BIA) were compared. There was no way to
confirm that the NPTBGS individuals who were compared to the current study cohort
would have taken the samedifcourse trajectory in terms of metabolic outcomes, so it
was only possible to make an assessment of whether the current cohort was
WYSGFo2ft AOFft&Q AAYAEINI G2 GKS 20SNJI ff
were made using eithertests (for nomally distributed data) or MarfwVhitney U

tests (for skewed data). Ghquared testing was used for categorical data analysis.
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3.1.1 Comparison of birth weights and gestation

The characteristics of the current study cohort at the time of this study are shown in

table 1.

Characteristic Mean (range)
Gestation at birth (weeks) 31 (26+1 to 34+4)
Birth weight (kg) 1.37 (0.84 t0 1.87)
Age at study (years) 15.5(12.1 to 18.8)
Male:Female (n) 25:35

Table 1 cohortcharacteristics

The inclusion of a maximum weigtuit-off in the original studgnrolmentsleads to an
intrinsic bias which cannot be overlooked when considering the generalisability of the
results, such that the older the gestational age (GA) of the individual at birth, the
lighterthey had to be in coparison with their peers (as measured by birthweight SDS)

in order to be recruitednto the original studiegfigure 9.
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Figure6: birth weight SDS plotted against gestational age at birth in the current study

cohort.
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Gestational Age at birth (days)
Mean SD 95%ClI
Complete NPTBGS cohort (1) 216 14.87 +1.85
NPTBGS cohort without current
_ 216 15.40 +2.20
cohort included (2)
Current Study (Growmore) cohort (3 217 13.14 +3.39

Table 2: Comparison of gestational age at birth between NPTBGS cohort and the

Growmore Cohort(2) vs. (3)p=0.89 (NS); (1) vs. ()= 0.92 (NS) using twtailed
Student ttest

Birth weight SDS score
Median Interquartile range
NPTBGS cohort without current
-0.75 -1.58 t0-0.15
cohort included (1)
Current Study (Growmoregohort (2) -0.715 -1.41 t0-0.195

Table 3: Comparison of birth weight SDS between NPTBGS cohort and the Growmore
Cohort (1) vs. (2)p = 0.95 (NS) using MaaWhitney U test

Ageat time of current study(years)
Median Q1 Q3 Range
Complete NPTBGS cotti@l) 14 12 15 11to 17
NPTBGS cohort without current
. 14 12 15.75 | 11to 17
cohort included (2)
Current Study (Growmore) cohort (3 14 12 15 11to 17

¢FofS nY O2YLI NR&AZ2Y 27F O2 kenie Stvdg Yo SNA Q
recruitment period;p = 1.0 NS) using Chi Squared test
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Tables 2 to 4how that when comparing the current study cohort with the remainder
of the NPTBGS cohort, there is no significant difference for gestational age, birth

weight SDS or age at the start of the current study recruittperiod

3.1.2 Comparison of BMI, FMI and percentage total body fat

Table 5 shows the comparison of BMI, FMI and percentage (total) body fat (measured
at the last study visit), between those tested who subsequently volunteered for this
study and those who didat. Of note, not all of the NPTBGS cohort who waoe
recruitedfor the current studyhad all of the above indices measured at the last visit. In
addition, not all of the 60 who took part in the current study had all of the indices

measured at the previaistudy.

Thesedata show that there was no significant difference between those who
subsequently volunteered for this study and those who did not, in the group who had

their BMI, FMI and percent body fat measured at the last study visit.

BMI FMI % body fa
NPTBGS cohort without
current cohort included n* 100 89 89
(1)
Median 18.1 5.57 30.6
16.1 to 4.07 to 24.31to0
IQR
20.8 7.96 38.9
Current Study
n* 52 46 46
(Growmore) cohort (2)
Median 175 5.24 28.3
15.9to 3.67 to 24.31to0
IQR
19.7 6.84 35.4
Mann-Whitney U p (1)vs.(2) 0.23 0.22 0.16

Table 5: comparison of BMI, FMI and % body(fate number of volunteers who had

these measurements made at the previous studynad.the whole NPTBGS cohort)
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Investigation undertaken n (%)

MRI scan 59 (98)
MR results suitable for postoc analysis (A 8Cr) 50 (83)
Activity Monitor (completed and returned) 44 (73)
BODPOD 58 (97)
Auxology 60 (100)
Serum sampling 46 (77)

Table 6: number of volunteers who underwent the aspects of multimodal assessment

duringthis study

3.1.3 Participation in multimodal assessment in the current study

As was observed in the previous studies, not every volunteer in this study consented to
taking part in every aspect of the study. Table 6 outlines the number of subjects out of
the total volunteers (n = 60) that consented to, and took part in, the different aspects

of the current study. Of these, not all the data collected was of sufficient quality to

analyse.

3.1.4 Comparison between @riginal &study groups.

Within the current study cohortitere was a mix of children recruited to the original

protein (n=29) and growth (n=31) studies. This could possibly lead to confounding.
Analysis was done on those variables reflecting status at birth and those that were

thought to be important with respedb the study aims. MariWhitney U tests were

used to assess the difference within variables, categorised by original ¢aldy 7)

CKSNE ¢gSNB y2 aidlaradaortte aA3ayaAFaAOryd
by MRS was approaching significance between those enrolled into the different

studies.The significant difference folga at studyisitreflects the fact that the
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children enrolled into the protein study, whialecruited afterthe growth studywere

younger as aubgroup within the cohort.

Z value
Variable (Growth vs. Protein p value
Study)
Birth Weight SDS 0.488 0.63
Gestational Age at Birth -0.23 0.82
Age at Sidy Visit 6.18 <0.001**
Intrahepatic Lipid (IHL) -1.78 0.07
Fat Mass index (from
0.15 0.88

BODPOD data)
BMI SDS 0.38 0.70
VAT/SAT ratio -0.75 0.45
HOMA (% insulin

o 0.40 0.69
sensitivity)
Matsuda Index -0.19 0.85
Vitamin D (total) -0.44 0.65
Moderateto Vigorous

_ o -1.02 0.31
Physical Activity

Table7: Mann Whitney U test comparison between growth and protein studies within

the GROWMORE cohort

3.1.5 Comparisons between Boys and Girls

Within the study cohorthere was an increased number (n=35; boys n=2l
increased proportion of girls, compared to the original NPTBGS cohort. Comparison
was therefore made in the current study cohort to assess whether there was a
demographidifference between the boys and girls at time of stithble 8) The only

significant difference in the comparison variables describing the two groups was age at
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study: the girls were on average 1 year older than the boys (boys mean: 14.8yrs; girls

mean: 15.8; p=0.036).

Variable Z value M vs.F p value
Birth Weight SDS 0.488 0.63
Gestational Age at Birth -0.23 0.82
Age at Study Visit -2.09 0.04
Tanner Stage -0.87 0.38
BMI SDS -0.43 0.67

Table8: Mann Whitney U test comparison between boys and girls within the
GROWMORE cohort

3.1.6 Discussion

The analysis of these data shows that tmort which volunteered for this study is
representative, in a broad sense, of the NPTBGS cohort using metrics which reflect
uterine and neonatal status as well as limited representation of metabolic status in late
childhood/early adolescenc&herewere no significant differences arising from
childrenbeingin different studies originally, and thesgasminimal difference in

baseline measures between the male and female cohort memiérs.original cohort
were all selected for being in good heaiththe context of preterm birth, in order to
YAYAYAAS (GKS STFSOGa 2F WI OljdZANBRQ Y2ND A
individuals, from a population perspective, are those most likely to be those who
subsequently leatlvesin societywhich areoutwardlyleag distinguishabldrom their

term born peersUnder sucltircumstancesdelayed or programmed aduthetabolic

health problems may have a profound effect on tHéatime need for use of

healthcare resources, when compared to their term born pe@ng. resilts of this

study specificallarise from a smatjroup of individuals who are represetive of the

wider NPTBGS cohort: this, in tumeanghat the resultswill have some

generalisabilitywith reference topreterm infants who pass through neatal cae
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apparently unscathedrurther analysis of measured variables by male/female or
original study enrolmenis discusseth the relevant sectiogsof the results (section 3.2

to 3.4).
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3.2 Body composition and lipid distribution in body compartments

As describeearlier, one of the intentions of this study was to look at some of the
different methods that might be used in future studies to monitor efficacy of any
lifestyle or research intervention over an extended period. When looking at body
composition, it wa®f particular interest to compare skinfold measurements with air
displacement plethysmography (ADP) as methods for estimating total body fat. A
reduction in total body fat would be a simple measurement useful in monitoring
progress of an intervention, asalv as quantify any relapse after an intervention was
ai2LILISRD 5t A& YSIadz2NBR dzaAy3d (GKS . h5t |
convenient than using other research methods such as immersion, it is still expensive
and remains the domain of research stusli€or a future study with larger numbers

use of skinfold measurement would potentially allow more rapid data collection, but

only if the data generated were accurate.

The other outcome of interest was comparing the general measures of body
composition wih the directly measured MRS and Dixon method outcomes for IHL and

visceral/subcutaneous adipose tissue distribution, to see if they held any associations.

3.2.1 Comparison of methods for measuring body composition

When using the fouskinfold method asoutline Ay GKS YSUiK2Raxz | yR
a body density is generated which can then be converted to a percentage body fat

using the equations of Siri and Lohman, depending on age. The calculations for the

two-a {AYF2f R (GSOKYAIl dzS LINE Rdz®iag theseW LIS NDO Sy (i |
equations directly. The total body fatass and fafree mass was then calculated (kg)
FTNRY GKS @2t dzy i SSNRa ¢ SA 3 RanTtallieeyaR 199KaSy A y |
a means of adjustment for body habitus and to improve comparability across the
group.Table 9 shows the descriptive summary for the data generated using these
techniques. Table 10 shows the correlation between thesgytcomposition

techniques and each other, and also the correlation between these measures and

other auxological measures commonly used to track changes in body composition.

Table 10 also compares all of these measures to the directly measured lipidtdeposi

from 1HMRS and Dixon imaging. While it appears that all of the auxological and body
composition measures have a good correlation with the directly measured visceral and

subcutaneous adipose tissue, there is not a good correlation with the lipid coasent
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measured in the liver using 3IMRS: only fat mass index measured using the BODPOD
or 2-skinfold technique appears to be correlated witte measurement of intrahepatic

lipid.

Technique| FMIBP | FMI2S | FMI4S | FFMI BP | FFMI 2S | FFMI 4S
5% 1.37 1.62 1.82 13.39 13.19 13.02
50% 3.43 360 4.47 15.89 16.42 15.70
95% 10.82 10.02 9.01 19.73 19.08 19.3
Mean 4.75 454 4.83 16.12 16.22 16.02
Standard

3.29 2.79 2.33 1.84 1.78 1.97
Deviation.

Table 9 Descriptive data for the three techniques from which Maiss Index can be
generated. All data in kg/tn(FMI: Fat Mass Index; FFMI: Fat Free Mass Index; BP
BODPORT H{Y (62 aiAyF2fR GSOKYAI|jdzST n{Y n

While the correlation statistic would suggest that the measures obtained by BODPOD
and the2-skinfold technique are potentially correlating well enough to be used
interchangeably, this must be formally tested. FiguBés 11 show BlanéAltman plots
generated to compare the results from the methods for-Nhtss Index (FMI, kg/n

and figuresl2to 17 show the same comparisons for Fatee Mass Index (FFMI). For
each comparison, there are two plots: one showing the differences plotted against the
mean of the two techniques (as recommended by Bland and AlBiand and

Altman, 1995and one showing the diffd 5y OS & LI 20 0SR | 3+ Ayad
(Krouwer, 2008which was assued to beair displacement plethysmograpligr the
two-skinfoldmeasurement when directly comparing the skinfold techniquessed on

the correlation analys)s
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FMI BP| FMI2S| FMI4S| BMI WC MAC | BMI SDS
FMI BP
FMI2s| 0.92
<0.001
FMI 4S| 0.90 0.96
<0.001 | <0.001
BMI 0.81 0.82 0.87
<0.001 | <0.001 | <0.001
WC 0.77 0.76 0.79 0.91
<0.001 | <0.001 | <0.001 | <0.001
MAC 0.53 0.58 0.68 0.87 0.78
<0.001 | <0.001 | <0.001 | <0.001 | <0.001
BMI sDY 0.79 0.79 0.79 0.94 0.88 0.77
<0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001
% |HL | 0.29 0.28 0.18 0.19 0.25 0.07 0.24
0.03 0.03 ndémlt ndmyg 0.06* n®pagq 0.07*
VAT 0.41 0.43 0.38 0.49 0.59 0.33 0.56
0.001 | <0.001| 0.002 | <0.001 | <0.001| o0.01 <0.001
SAT 0.91 0.92 0.93 0.86 0.84 0.62 0.82
<0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001
VAT 0.44 0.45 0.38 0.45 0.53 0.24 0.55
<0.001 | <0.001 | 0.003 | <0.001 | <0.001 | 0.06* | <0.001
SATi | 0.9295 | 0.9329 | 0.9178 | 0.8253 | 0.7962 | 0.5448 | 0.8154
<0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001

Tablel0:{ LIS NXI y Qa

Mass Index can be generateshd other auxological techniques used to track body

O 2 MiNEeithred thcnjgues o tviich Fai

composition Values shown are: Rhp:value MNot significant* p<0.1(FMt Fat Mass

Index;BP. BODPOR T

H{Y

062

81 A SkigfdldRechni§URYIMLA % dzS T

Intrahepatic lipid content; VAT: visceral adipose tissue; S#ticutaneousdipose

tissue; i: indexed against heightjuared
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Figure6: Comparison of Fat Mass Index (BODPOD [BP] vs. Two Skinfold Technique

[2S)); Differaces vs. Mean

Diffe rence Flot
4 -
— kentity
.
3
Bas (0215
2 o
N L s e
o .
— -
b . 954 Limits of agresment
. - (270702275
E }o- :3-“ -2 2210
E 0 ....M..o.k ........... oo a5 0
P S I P e e e e e e e
E "o kS ks
n
= a -
5 -
-2 N 4 a4 e
e
N
3
L]
-4 T T T T T T T ,
i z 4 G & i 2z 4 Li]
RdIBF

Figure7: Comparison of Fat Mass Index (BODPOD [BP] vs. Two Skinfold Technique
[2S)); Differences vs. FMI BP

72



4 Skinfold A1 vs BODPOD AAI

4 -
— kentity
1 | “
. Bis {0.078)
L]
2
a
B * . e e 2% d
o W -
I:u ., ® *
= 6o R ® e e o
sl B e e B5% Limis of agreament
@ 0 . # . (2741 0 285T)
A e e e .
= "l 4 L ]
o
L - ta
o - -
e * .
il - -
5 v
£ 2 T
P
P
"
-3 ]
"
4
-5 T T T T T T T 1
1] 2 4 3] B 10 12 14 16
Meanof Al

Figure8: Comparison of Fat Mass Index (BODPOD [BPpusSkinfold Technique

[4S]);Differences vsMean

Diffe rence Flot
4 o
— kentity
3 | 4
Y Bas {(D078)
2
3 = o L
. . P 85%Q
@ © -
— Y a
a - e - . -
T e BE% Limits of agresment
e 0 . f . (2741 £ 2857
=2 B e e e e e e
= "% “ BE%O
"
= v e
o - =
g ¥ -
E * *
o
£ 2 "
P
P
-3 ]
-
-4 1 L]
5 T T T T T T T 1
1] 2 4 3] B i Zz 4 ]
Al BF

Figure9: Comparisa of Fat Mass Index (BODPOD [BPfFesarSkinfold Technique
[4S]);Differences vs. FMI BP

73



4 Skinfolds Al ws. 2 Skinfolds FMI

1
Hentiy
e
4 e Bis, (0. 25487063
& * o «
- a a papa——
e L oh% Gl
— & a
E %.-,9-“-:-““ . l-.,“_.‘: .....................
Y e S 565 Limits of agrement
- . B * = a [-1.5884TT3426 to 2 TTTEAEEIIT)
-+ * K
= . * L I
L
L1
(5]
E -
g2 -z
il
ES
P
1
-4
-
'5' T T T T T T T 1
i el 4 G B 10 12 4 16
Meanof Al

FigurelO: Comparison of Fat Mass Ind&xo Skinfold [2S] vs. FoB8kinfold Technique

[4S]);Differences vsMean

Diffe rence Plot
-
Hentiy
b
. ——— Biz= {0.2545730563)
a = - “}
C ey o %L O
o gj’... %.ﬁ....@ ........ T
a .
=0 B 6% Links of ageenent
- . . = a . (-1 5BE4TT 3426 to 2 TTTE3ES331)
=
= 1 . * E%Cl
w
= .
()
C -
[ —
= =L
Ll
£
[}
-3
4
-5 T T T T T T T : 1
i) z 4 & & o 1z 4 16
Pl 25

Figurell: Comparison of Fat Mass Indd@wo &infold [2S] vs.

[4S]);Differences vsTwo Skinfold method

74

Fouskinfold Technique



The BlandAltman plots of the test differences plotted against the means, for skinfold
measurement compared to BODPOD (figus&s8) suggest that, when compared to

the BADPOD, both skinfoldheasurement techniques produce a slightly higher FMI

than that from the BODPOD. However, the line of equality lies within the 95%

confidence intervals for the bias (mean of the differences) suggesting overall there is

no mean differenceMore significantly, both skinfold techniques also trend towards

W2 NBNIRAYIQ NBfIFIGAGBS G2 GKS YSINBIRRGYA QI KS
when the FMI is higher. This is shown by the marked downslope of the data trend

across the line of equalitydm positive to negative differences, on both plots, as the

FMI increases. This appearance is highly suggestive of systematic error in one of the

methods used.

The use of quadratic elements within the skinfold equations which generate body
density or perentage body fat (originating during the generation of the equations in
the original research) may be a cause of this. As thegkofold (2S) equations are

not reliant on the equations of Lohman or Siri (and also the BODPOD uses these) it
does not seemltely that the error is within these conversions, as the same pattern is

also seen in the fouskinfold data (which does use Lohman/Siri).

The other possibility is that within the algorithms for predicting thoracic volume by
BODPOD, as used in this stutthgre is a similar error: if BODPOD overestimates lung
volume in lean individuals it will produce a positive difference in the plot for lower
actualFMI when compared to either skinfold method. A smaller residual body volume
for measured body weight equasdo higher density, thus lower fat content in the
model, lower FMI and thus underestimate (positive difference) when compared to the
other methods. To produce the linear error seen, BODPOD would also have to
underestimate lung volume in obese individugi®rder to underestimate body

density (give higher FMI readings) in those with a higher FMI. As the FMI is indexed
against height and the BODPOD uses height as a predictor in estimated thoracic gas
volume, it is also possible that there could be a confling interaction generated

here.

When the plot (figurel0) comparing both skinfold methods is reviewed, the same
trend towards overand underestimate is suggested, albeit in a less pronounced way.
The mean of the differences is altered towards a posithean difference bias, but the
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line of equality is not found within the confidence intervals of this bias. This suggests
that overall, the four skinfold technique undegads density relative to the two
skinfold thus giving a higher FMI and points to émsor being in the skinfold equations

rather than BODPOD volume estimates.

When examining the limits of agreement for these three plots, it is clear that the
agreement between methods is clinically significantly different outwith a narrow range
of FMI whee the data trend crosses the line of equality. As would be expected, the
two skinfold techniques are in closest agreement with each other (1.5 to 2.Zkg/m
either side of the line of equality from the mean of the differences). When compared
to FMI as meased by BODPOD, the limits of agreement are much wider (between 2.5
and 2.7kg/ni). When the group data is examined, the data can be seen to be skewed
in all groups with the median fat mass ranging from 3.43 to 4.47k{ange 1.37 to
10.82kg/n?]. In this goup of individuals, therefore, a difference between techniques

of 2.5kg/nt is a large potential difference. Correlation analysis against FMI measured
GAUK . h5th5 dzaAy3a {LISFENYIyQad O2NNBfIGAZ2Y
(4S)/0.923(2S) [p<0.001], but winethe measured differences between the methods

are considered proportionally to what is being measured, they are too great to say
anything other than that the tests are not suitable to be used interchangeably in a

research setting.

Figures7, 9 and 11 differ from the three discussed above as they compare the
RATFSNBEYOS 060S06SSy YSiK2Ra (2 GKS WNBTSNJ
the reference method as it directly measures body volume rather than extrapolates a
density or body fat percentagedm a proxy measure. Based on the fact that the two

skinfold method stratifies the calculation by pubertal status and other factors (thus is
perhaps more tailored within a given population) it was chosen as the reference

method for the comparison between ¢htwo skinfold methods. Using this method did

not alter any of the findings outlined above.
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The same analysis was used to examine the techniques in the predictionfiefdeat

Mass Index (FFMI). Unsurprisingly, the bias directions were reversed but the pattern of
distribution was more scatteredna did not seem to show the same linear trend as

seen in the FMI plots. For all three comparisons the 95% limits of agreement were
similar in magnitude (kg/A as the FMI plotbut because the FFMI is a larger number

(as most humans are more lean than fiig relative error compared to the measured
FFEMI was reduced. However, the fact that the maximum FFMI generated was around
20kg/m2 (with the median between 15 and 16) the percentage error is still potentially
(at best) 12.5% for any given measurementsish, it is not possible to say that these

tests could be used interchangeably in future studies.

3.2.2 Lipid compartments and content measured using MRS and Dixon

methods

As discussed in my introduction, evidence from the literature suggests that the
compartmentalisation of lipids is important in determining their eventual physiological
effect. During the study the percentage of intrahepatic lipid present was measured
directly using MRS, as were visceral/subcutaneous adipose tissue (at a single
abdominal leveland serum lipids, in addition to the anthropometric body composition
measures. We also had a measure of dietary energy, carbohydrate and fat intake from
the SCRAN24 data. In order to examine the relationship of these variables correlation
analysis was usk and then a model to examine associations was constructed using

the significant variables.

Tablellshows the measured variables that were thought to be likely to be related

Ot AYAOFffte (2 AYGNIYKSLIGAO fALABRIO2Y 1Sy (!
initially for this analysigis there is no requirement for normality in the distribution of

the dataset. Once this was done, a second correlation analysis was done using

univariate regression. For this, any nnarmally distributed data were transfornaeto

a normal distribution where possible. P@nd posttransformation, the variables were

tested for normality using the Shapiilk test of normality. The analysis showed that

the percentage of intrahepatic lipid was most strongly associated with stbedy

habitus (measured by current weight SDS, BMI SDS, FMI and percentage body fat),
visceral adiposity, and serum lipids (most strongly circulating triglycerides). There is

also a strong association with raised ALT levels: raised ALT is biochemksal ohar
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hepatocyte damage which can happen in the presence of raised intrahepatic lipid, but
the lipid theory as discussed previously would not suggest it is a cause of raised IHL. In
fact, when examined using linear regression, the results suggestednbalLiT

increased with lower levels of IHL, which is not physiologically explicable other than
within the majority of the population studied there is a generally low level of
intrahepatic fat and normal variation of ALT (within normal laboratory limit)sThe

association is likely to be spurious (type 1 error).

Using combinations of the variables with the strongest association to IHL, models were
then tested using multivariate linear regression to assess their associations against IHL
(as the dependentariable). Sequential removal of naignificant terms was carried

out until a final model was left. Care was taken to avoid using closely related terms
within the final model (e.g. FMI generated by BP was used but not that generated by
skinfold measuremet). The models used to generate the final modelJpare

outlined below(table 12 to 14)

Tableloy SEG LI 3S0Y {LISIENXYIYQa [/ 2NNBftlGAZ2Y
percent IHL (correlation coefficient) and Correlation using univariagatiregression
[*p<0.1; **significant (p<0.05)] Note: Birth weight SDS was not transformable to a

normal distribution
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Measurement (vs. IHL) CorrCoeff.| P value R P value
(Rho)
Birth Weight SDS 0.02 0.88 N/A N/A
Gestational age -0.18 0.16 0.02 0.32
Age at study visit -0.10 0.44 0.01 0.56
Current weight SDS 0.22 0.09* 0.14 | 0.004*
Percentage Body Fat 0.30 0.02** 0.10 0.02**
Percentage Lean -0.30 0.02** 0.11 0.01**
Ccd al 4a LYRSE 0.29 0.03** 0.10 | 0.02*
Fat Mass Index (4 Skinfold) 0.18 0.17 0.05 0.10*
Fat Mass Index (2 Skinfold) 0.28 0.03** 0.11 0.01**
Body Mass Index SDS 0.23 0.07* 0.14 | 0.004*
Waist circumference (cm) 0.25 0.06* 0.17 | 0.001**
Mid-arm circumference (cm) 0.07 0.59 0.03 0.20
Visceral adipose tissue (VAT) 0.21 0.11 0.23 | <0.001**
Subcutaneous adipose tissue 0.25 0.05* 0.10 0.02**
(SAT)
VAT/SAT ratio -0.03 0.82 0.01 0.58
VAT index (cAim?) 0.22 0.09% 0.21 | <0.001**
SAT index (cAm?) 0.26 0.05** 0.06 0.06*
Tanner Stage -0.19 0.14 N/A N/A
Serum Cholesterol 0.25 0.10¢ 0.19 | 0.003**
Serum Triglyceride 0.33 0.02** 0.24 | <0.001**
Low Density Lipoprotei® 0.27 0.08* 0.20 | 0.002**
Serum Alanine Transferase 0.32 0.03** 0.25 | <0.001**
Total Energy intake (in 24 hours) 0.09 0.49 0.002 0.77
Carbohydrate intake (in 24 hourg 0.09 0.49 0.005 0.58
Fat intake (in 24 hours) 0.04 0.75 0.0001 0.93
Protein intake (in 24 hours) 0.0017 0.99 0.001 0.79
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Variable Model 1 Model 2 Model 3 Model 4
Triglyceride 0.022 0.018 0.001 <0.001
LDEC 0.467 0.056 - -
Cholesterol 0.666 - - -
Tenner St 13 - - - >0.05
Tanner St4 - - - 0.007
Tanner St5 - - - 0.04
R 0.31 0.30 0.24 0.39
Adjusted R 0.25 0.27 0.22 0.31
p value (for 0.002 <0.001 <0.001 0.001
model)

Tablel2: Multivariate model (A): Serum markers and significance in modeleviitr
is the dependent variablé value of each component of model showAdjusted
model for Tanner stage shown: Likelihood ratio testing of model excluding Tanner

Stage shows Tanner Stage is significant in the complete modI04).

Variable Model 1 | Model 2 | Model 3 | Model 4 | Model 5
Waist Circumferencg  0.18 0.03 0.03 0.001 <0.001
% Bodyfat (BODPO[  0.54 0.54 0.81 - -
FMI (BODPOD) 0.56 0.57 - - -
BMI SDS 0.89 - - - -
Tanner St 3 - - - - >0.1
Tanner St 4 - - - - 0.02
Tanner St5 - - - - 0.04
R 0.17 0.17 0.17 0.17 0.27
Adjusted R 0.11 0.12 0.14 0.15 0.20
p value (for model) 0.04 0.02 0.007 0.001 0.004

Table B: Multivariate model (B): body composition measurements and significance in
model where IHL is the dependent variable. Adjusted modeT émner stage shown:
Likelihood ratio testing of model excluding Tanner Stage shows Tanner Stage is

significant in the complete modgb£0.09)
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Variable Model1 | Model 2 | Model 3 | Model 4
Visceral Adipose Tissue (VA  0.35 0.03 <0.001 <0.001
Subcutaneos Adipose Tissu{  0.68 0.64 - -
VAT index 0.74 - - -
Tanner St b - - - >0.1
R 0.23 0.23 0.23 0.26
Adjusted R 0.19 0.20 0.22 0.19
p value (for model) 0.002 <0.001 <0.001 0.005

Table #: Multivariate model (C): Lipid compartmentalisation and gigance in model

where IHL is the dependent variable. Adjustment for Tanner stage is not significant

Variable Model 1 Model 2 Model 3
Triglyceride 0.008 0.005 0.001
VAT 0.05 0.009 0.017
Waist 0.85 - -
Circumference

Tanner St BB - - >0.05
Tanner St - - 0.007
Tanner St 5 - - 0.03
R 0.35 0.35 0.47
Adjusted R 0.31 0.32 0.40
p value (for model) 0.0004 0.0001 0.0002

Table B: Multivariate model (D): Significant variable from model€ And significance
in final model where IHL is the dependemiriable. Adjusted model for Tanner stage
shown: Likelihood ratio testing of model excluding Tanner Stage shows Tanner Stage is

significant in the complete modegb£0.047)
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Models A to C show that compared to IHL, serum triglyceride is the most strongly
as®ciated of the serum measures, waist circumference is the most closely associated
body composition/habitus measure and visceral adipose tissue is the most strongly

associated direct adipose tissue measure (not indexed for height).

The final model®;table 15) shows that a combination of serum triglyceride level and
visceral adipose tissue explain at least 32% of the variance seen in IHL levels.
Adjustment for Tanner Stage did not show any reduction in statistical significance in
the variables most closebssociated with IHL deposition (they remained p<0.05), but
was found to be significant when added to the model in association with triglyceride
level (model A) thus also in the final model (models D and E). The correlation
coefficients for Tanner stagirngere consistently negative (i.e. the higher the stage,
more negative the association with IHL). There was no evidence of a significant
contribution from Tanner staging to the association between VAT and IHL or waist

circumference and IHL.

Furtheranalysisiza Ay 3 { LISFNXIFyQa (dSad 2F O2NNBf I (A
significant direct correlation between Tanner Stage and any of the serum variables
(triglyceride, LDIC, cholesterol or ALT: @l¥0.1), body composition assessments or
measured adipose tissU¥AT, SAT, VAT Index, SAT Index, FMI, % body ja0.a)l

but there was a correlation with waist circumference (P=0.005), mid arm

circumference (p<0.001) and BMI SDS (p= 0.007). In the multivariate analysis there was
a suggestion that the effect of Ta@nStage was strongest at safsessed Stage 4 and

5. A KruskalWallis test was therefore used to assess variables by staging (Tanner St 1
to 5) to see if these individual groups would show a difference. There was no
demonstrable difference when stratifil by these groups for IHL (p=0.36), VAT

(p=0.91) FMI (0.44) or triglyceride (p=0.83). When the stages were grouped further
(Tanner St B [pre-pubescent] vs. 4[pubescent] vs. 5[pgmibescent]) and tested

using the same test, there was no significantetiéhce in the groups in IHL (p=0.3),

VAT (p=0.76) or triglyceride (p=0.68) though BMI SDSamictircumference and

waist circumference were all still significantly different between the groups (p<0.05 for
all).
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When analysing the final model, it was falithat there was significant
heteroskedasticity in the data (i.e. it was not possible to say confidently that IHL and
VAT/triglycerides were independent from a statistical perspective). The data was
therefore reanalysed after transforming IHL to normatise data (though

theoretically this should not have affected the original model as IHL was the
dependent variable). Transformation removed the heteroskedasticity and while it
altered thep values for the individual terms, did not change the overall efsee

table 16). Including Tanner Staging did strengthen the model, as before.

With these findings in mind, the three preliminary modelsGAwere reanalysed but
the three variables chosen for the final model all remained the most significant in re
analysis and therefore were used in the revised model. The original mod«l3 fave
been presented here as the use of a roormally distributed independent variable is

acceptable in the tests used.

Variable Model 1 Model 2
Triglyceride 0.01 0.001
VAT 0.069 0.113
Tanner St 3 - 0.08
Tanner St 4 - 0.008
Tanner St5 - 0.004
R 0.26 0.45
Adjusted R 0.23 0.35
p value (for model) 0.002 <0.001

Table B: final model recalculated (E) and adjusted to remove heteroskedasticity by
transformation of dependenvariable to normal distribution (IHL). Adjusted model for
Tanner stage shown: Likelihood ratio testing of model excluding Tanner Stage shows

Tanner Stage is significant in the complete mogeD(01).
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3.2.3 Discussion

It is clear from thecorrelation analysigdone between the auxologit and body

composition measurethat there is a good correlation between them, i.e. all the

measures tested report adiposity when it is present. It is also clear that they are well
correlated with the visceral and subcutaneousdaposition as directly measured in

the study, but not so well with the intrahepatic lipid status. This raises the possibility

that deposition of lipids in some compartments within the bodyiearQ Ay NBf I (A
overall adipositythus predictable fom indirect measures of adiposity such as BMI or
waistcircumference) butin the study cohortat least)the deposition of intrahepatic

lipid may not belinear, and may only occur after a certain metaboli@diposity

threshold has been reached.

Thecomparative analysisising Bland Altman plots to further interrogate the body
composition measurementshowed that in this population, the accuracy of the

skinfold equations in predicting body fat percentage was not within small enough
limits of agreement tde able to say that they could be used in a clinic setting in a
bigger study monitoring an intervention. This study, based on the literature has
assumed that the BODPOD is the gold standard as it reportedly has good reliability (in
reproducibility of resuk) and the estimate thoracic volume has been shown to be
reliable in the age group which we were testifigeldset al., 2002 Fieldset al.,

2004b. It also has the advantage of directly measuring body volume and therefore
should be prone to less error and extrapolation when compared to measurement of
skinfolds. Within the use of the BODPOD, we have made assaams@bout hydration
status being equivalent in all the children (as all our volunteers had fasted overnight)
and as noted in the comparative plots, one explanation for the systematic error seen
might an error in the estimate of thoracic gas volume. It alses the equations of Siri

and Lohman which will introduce a degree of assumption due to the nature of their
two-compartment models. However, the skinfold measurements have a higher degree
of mathematical extrapolation to arrive at a density and willréfere be prone to

more error. In addition, the equations used for the tskinfold technique has

arbitrary cutoffs for age and pubertal status which will have an influence on their
accuracy in any given population, whereas the BODPOD provides a measticdme

density without categorisation at that stage. There is also the issue of population
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specificity when using the skinfold techniques, which are now quite old. There has
been a change in the levels of obesity in children in the last 30 years and astsuch
original equations relating skinfold summation to a test population may well be out of
date in relation to modern children by virtue of the original test population being very
different to their modern counterparts. As sudir displacement plethysography
6dzaAy3a GKS . h5th5un0 ¢2dzZ R KIS (42 6S (GKS
assessment in a future intervention study in this age graMpile correlation analysis
shows some goodorrelationsbetween IHL and auxometric measurements such as
FMI,BMI and waist circumference the fat that none of these are predictively
associated with IHL at regression suggest that if, in a future study, intrahepatic lipid is
the measurement of interest, then it will need to be measured using MRI. While

correlated, one of the other methods offer a suitably proxy measurement.

When considering the measurement of intrahepatic lipid, the results which the study
produced are largely in line with the literature published about metabolic outcomes in
adolescents and oldenamely that during this time any measurable effect of
prematurity becomes harder to detect and influences from the environment seem to
become predominar{finnionet al., 2014. It is only for a few specific adult health
outcomes such as blood pressure and arterial wall stiffness that there is clear origin
and persisting contribution from preterm birth, in the context of eustural change in

the body (e.g. nephron numbédBarkinsoret al,, 2013. In this study, there was no
demonstrable association between IHL and either birthweight SDS or gestational age.
While these are crude measurements of the potential effects of pretenth any
proportional programming events might be expected to be related directly to degree
of prematurityor relative size at delivery. Their absence in this study does not preclude
Y2 NBE &dzo 2(FF Q2 NINBZEWS YYAY T SOSy i dsuggesiN ONMA

that variation in the cohort may be more as a resulpobtnatal environment.

The current literature regarding visceral adipose tissue and intrahepatidaripid
childrenandadolescentsovers a variety of measurement techniques both in imaging
modality ( CT/MRI/ Ultrasonography/DEXA) and in vertebral level at which the image is
taken (in those that use axial imagif@gliliga, 200 When looking at parameters

derived independently of imaging, and associations which might explain the variance

in VAT (in regression analysis), different authors haveddbat waist
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circumferene(Asayameet al., 2002 Asayamaet al., 2005 Benfieldet al., 200§ and

trunk skinfold¢Foxet al, 2000 havebeen strongly, positively associated with VAT
Neither, individually, fully explained the varian@me analyses extending data across
different ages of child and ethnic sigpoupsare less convincing about how predictive
WC and BMI are for predicting VAT, though they correlate well at all ages with total
adiposityfBouchard, 2007/Katzmarzyk and Bouchard, 2Q1%here is also

disagreement in the literaturas to whether the site of measurement of waist
circumference influences how well it correlates as a proxy for visceral adipose
tissugBosyWestphalet al., 2010 or cardiometabolic rigidarringtonet al.,, 2013.
Visceral adipose tissue hbsen positively associated with triglyceride levels in obese
adolesceng(Caprioet al,, 1996 as well as basal insulin lev@sprio, 1999but other

fat compartmentswvere not As might be expected, some of the variation seen in VAT
levels and distribution between populations can be explained by genetic and ethnic
differences (summarised by Suli¢fauliga, 200). Work by Goran and €o
authorgdGoranet al,, 1997 Goranet al.,, 1998 Goran, 1999Goran and Gower, 1999
sought to characterise some of tliée coursechangeghat might affect visceral fat

and suggest that (as would be expected) age, level of development and pubertal status
all have an influence oWAT, as well as those influences that are modifiable (also
1y26y I a Wi AThé&rliedce & genderatdliip@obdldy is dariable across
ethnic origir{Staiancet al,, 2013. However, when considering the contribution to
disease it has to be remembered that in the majoritycbildrenthe absolutelevels of

VAT remain small in comparison to subcutaneous adipose {Bsunéeldet al., 2009.

Intrahepatic lipid is most often studied in the context of disease, especially non

alcoholic fatty liver disease (NAFLB)those bornps & SNY' X a2 RA Qa 3I NP dzL
(UK has demonstrateavith MRI/MRShat, even as outwardly healthy adujthose

born preterm have a higher level of intrahepatic lipid than their tedoasn

peer{Thomaset al, 2008 Thomaset al,, 2011). The group have also suggested that
intrahepatic lipid levels arprimarily correlatedto neonatalillness severitgrather

than growth or nutrition) and tls therefore, has potetial implications for all babies

born preterm who require intensive caré cohort of Danish children, including lean

and obese subjects, aged 8 to 18 years, showed that the prevalence of raised

intrahepatic lipid was 31% in the obese group (vs 3% irneilue) and that where there
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was hepatic steatosis, it was strongly associated with dyslipidaemia and increased
glycosylated haemoglobfRonviget al., 2019. Della/ 2 NI SQa O2K2NI 2 7F c
compared hepatic steatosis in children with NAFLD (n=30xhitdien withfamilial
hypobetdipoproteinaemia (F=30)Della Corteet al., 2013. The degree of steatosis

was similar between the two groups but the NAFLD group had worse insulin sensitivity,
suggesting that the presence of lipid per se (like in skeletal muscle) is not necessarily
the only factor in subsequent patholmgl processes within the liver. Similar

associations have been shown in targeted, obese, paediatric populations (defined
variably as BMI>90 or9® Sy G Af S FT2NJ G KS 20t LJ2 LIz | G,
6 to 20yearsold who were obes@lemonstrded increased total body fat and high

levels of liver enzymes on serum testisgdgestindiepatocyte damage) and of these,
gammaglutaryltransferase and alanine transferase were predictive of high levels of
hepatic lipidBilleet al., 2012. VAT was also shown to be strongly associated with
hepatic steatosis. Similarly, Duarte showed a significant positive association with waist
circumference and hepatic lipid incahort of 77 children aged between 2 and 13 years
old(Duarte and Silva, 20)11Though there is, therefore, evidence suggesting that there

is a link between adverse metabolic phenotypes and hepatic lipid deposition, it is not
yet clear how, exactly, hepatic lipggen in children might then move on touse

problems in adulthood. While it is clear in adults with newly diagnosed T2DM that
imposinga fasting diet has a marked effect in improving insulin sensifivityet al.,

20119, and the authors of the research intacreasedHL/VATIn childrensuggest that
these are a sensible target for reduction during childhood to try to start adulthood
GAGK | WwWOf Sky aft Isustdiedmpiovedentiniadidthéaia (2 aK2
outcomes by intervention in children with increased IHL/VAAV¥e not yet been done.

One theorywhich might help to explaiwhy some populations are susceptible to lipid
deposition in the liver and subsequent (or concurrent) metabolic dysregulaitire
unfolded protein response (UPR) thefignkel and Green, 20LEndoplasmic

reticulum stress provokes the UPR as a protective mechartigmtulrn has a role to

play in regulating lipid metabolism (especially as ectopic lipid deposition is a source of
endoplasmic reticulum stress). Thus a defect in, or dysregulation of, the UPR may lie at
the root of unwanted hepatic lipid deposition andrfo part of a vicious cycle therein.

It is worth noting that (as discussed previously) inflammation and endoplasmic
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reticulum stress may be contributory to worsened insulin sensitivity and it is possible,
therefore, that such a reduced sensitivity might fiesent in parallel with hepatic lipid
deposition In addition, deposition of lipid and a direct effect on basal insulin sensitivity
(i.e. the lipid induction theorythrough interruption of expression of glucose
transporters might alsbe presentalongsic these processes as a contributor to the

cellular stress (as glucose deprivation also worsens endoplasmic reticulum.stress)

This study of a cohort of adolescents born preterrias shown that circulating
triglyceride levels and visceral adipose depoaits positively associated with

increasing levels of IHL in these children who were born pret¥isteral adipose

tissue levels doot appear to be directly associated with either resting insulin
sensitivity of glucose disposal (see 3.41¢is not posible to say whether the

circulating triglycerides are a causal agent or a symptom of hepatic lipid overload as
some authors suggest. The presence of visceral adipose tissue in association with
hepatic lipid deposition has already been shown in other stui®/LJdzf | G A 2y a o6 i K
RNJ Ay I 3 @@rntdrk 20N Ehis study shows thatritayalso exists in t@
Growmore cohortand regardless of aetiology, it importantly suggests a ipiodaé

target for intervention. It is interesting that there is a strong association of a measured
area of visceral adipose tissue at a single csessional abdominal level, but when
indexed to try to correct for body height, this association is lessigtrdhese results

sit alongside strong correlations seen between overall measures of obesity (e.g. waist
circumference and BMI SDS) and amount of intrahepatic lipid, which do not translate
into a direct association when using regression analiisia / 2 (O\C@nhdret al.,

2015 found a strong association with waist circumference and visceral adipose tissue
using the same vertebralvel in females as we did, but slightly different in males (L1

2). It is possible this reflects that overall obesity is not important when considering
deposition of lipid in the liver (i.e. only the visceral compartment is active in
contributing to intraheptic lipid) but that where there are auxological markers for
obesity there is increased risk of visceral lipid deposition. This may also reflect a
genetic component (either inherited or epigenetic) which predisposes some individuals
to visceral lipid depason in the absence of marked overall obesity, and others to-non

visceral adiposity with relatively lipitee organs.
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In this population of adolescents pubertal status clearly makes a contribution to the
level of IHL seen. The association is a negatimeesoich that IHL decreases as puberty
progresses through to completion. The data suggest that including Tanner Stage
improves the strength of the models when considering IHL deposition, but there was
not a clear correlation with other variables to suggastimple mechanism through

which this occurring (i.e. in isolation, Tanner stage did not clearly correlate with any of
the key variables that were associated with IHL levels in the regression analysis). As
might be expected, Tanner stage was associated owerall habitus, but only

improved model strength in the regression models which had serum triglycerides as a
variable. It may be that pubertal status is working through a mechanism related to lipid
metabolism and adipose tissue elsewhere in the bodguigh puberty (not viscerally)
thus is related to triglyceride levels rather than IHL per se. However, as expected,
increased circulating triglyceride levels are associated with increasing amounts of IHL

which may be cause, effect, or both, in relation tphtic lipid deposition.

The data did not show any link between dietary intake of total calories nor, specifically,
fat/carbohydrate intake as measured by SCRAN24, and IHL. This probably reflects that,

in this group of individuals, the fasting prior toagmination as part of the study

protocol means that the liver wilaveNS G dzZNJy SR G2 | Wol aSt Ay SQ
O2dz2 R 0SS &aL)SOdzf GSR GKIdG GKA&a A& LINBOIFOTE
term environment or diet than it is of the intakin the preceding 24 hours. Less

metabolically flexible individuals would be expected to have higher baseline amounts

of IHL compared to their metabolically health pegfswever, other authors have

noted a lack of correlation between visceral adipossuesand

diet/nutrition (Bouchardet al., 1993.
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3.3 Directly Measured Physical Activity, Skeletal Muscle Kinetics and

Vitamin D

After each study visit the participants were offered the opportunity to wear
accelerometers for three days to objectively measure their physical activity. This was
done to allow comparison between the physiological measurements of muscle
mitochondrial oxidativeunction taken by 31#/IRS and how active the volunteers

were in the nonlaboratory setting. In addition, Vitamin D was measured on any fasting
serum samples taken, in order to factor this into the results, as it has been shown that
vitamin D is associatedith the muscle kinetics seen by this meth(@inhaet al,,

2013.

3.3.1 Objectively measured physical activity

Accelerometers were used as described in the methodsdasure physical activity
during a three day period after the study. The-patints used for counts per minute
allowed the activity to be classified into sedentary, light or modetat&igorous
(Evensoret al., 2008 and for each, a sublassification of daily mean percentage time
or daily mean number of minutes in that degree of activity. Figi@elearly shows

that the cohort as a whole were not achieving thationally recommended 60 minutes

per day of moderateo-vigorous activityStronget al., 2005 Basterfieldet al., 2008.

Minutes of Moderate to Vigorous Physical Activity (whole cohort)

100
1

80
1

60
Il

40
1

20

Minutes of Moderate-to-Vigorous Physical Activity (mean/day)

0

Figurel8: Moderate to vigorous activity (daily mean) in the cohort. National
recommended minimum shown by red line.
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Male vs. Female

Growth vs.
Protein study

Total Minutes Activity (mean/day) 0.95 0.76
MVPA (mean minutes) 0.07* 0.31
MVPA (mean % total activity) 0.07* 0.29
Sedentary activity (mean minutes 0.28 0.76
Sedentary activity (mean % total) 0.02** 0.09*
Light activity (mean minutes) 0.15 0.25
Light Activity (mean % total) 0.02** 0.11
Mean Stepcount/day 0.14 0.43

Tablel7: Within-cohort analysis of directly measured activity using accelerometers.

Table showg-values for Mann Whitney U teftp<0.1; **p<0.05]

Valid results (>6 hours per day weane) from the cohort were obtained in a total of
44/60 who took the devicehome. Reasons for not meeting the criteria were diary
validated weaitime too short, failure to return the device, periods of unexplained low

level activity which did not correspond with the written diaries where it was not

possible to confirm that the @vice was being worn.

% Light Activity: Male vs. Female
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p=0.02
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Figurel9: Percentage of time in light activity (daily mean) in the cohort: comparison of

girls vs. boys.

Girls
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Tablel7 shows the main activity categories assessed for differences betwees sex
and shows that the boys in the cohort wareore active than the girls (see figw&9
and20) but this was only significant for light activity and sedentary activity. There was
a trend observed for MVPA but this was not significant. There was no statistical
significance between those individuakcruited into either the original growth study

or the protein study.

% Sedentary Time: Male vs. Female
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Figure20: Percentage of time in sedentary activity (daily mean) in the cohort:

comparison of girls vs. boys.

Tablel8 presents a correlation analysis between the different categarfesctivity,
total activity and mean daily step count, and other variables which it was thought
could influence the activity. As these are associations, there is no comment on
causality and though the exercise measures are presented as the dependehiesria

if causality exists, they may be the independent variapje<0.1;**p<0.05]
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Total | MVPA | MVPA | Sed Sed Light Light | Mean
Mins | (mean | (mean | act. act. act. act. Step
(mean/| mins) %) (mean | (mean | (mean | (mean | count/
day) mins) %) mins) %l) day
Birth weight| 0.49 0.68 0.52 0.86 0.39 | 0.08* | 0.06* | 0.75
SDS
Gestational | 0.83 | 0.09* | 0.17 0.90 0.50 0.78 0.79 0.24
age at birth
Age at 0.76 | 0.07* | 0.07* | 0.78 0.13 0.63 0.38 0.17
Study visit
Height SDS| 0.26 0.47 0.66 0.25 0.99 0.94 0.85 0.77
Current Wt | 0.33 0.59 0.99 0.11 0.30 0.45 0.22 0.72
SDS
Current 0.89 0.99 0.71 0.46 0.24 0.39 0.21 0.55
BMI SDS
Visceral 0.42 0.84 0.47 0.18 0.60 0.88 0.97 0.78
Adipose
Tissue (crf)
Subcutaneo| 0.89 0.23 0.16 0.33 | 0.05 0.23 | 0.09* | 0.15
us Adipose
Tissue (cr)
VAT/SAT 0.73 0.49 0.42 0.39 0.11 0.27 | 0.05* | 0.44
ratio
VAT Index | 0.61 0.84 0.55 0.35 0.79 0.75 0.86 0.92
(cm?/m?)
SAT Index | 0.93 0.31 0.21 0.34 | 0.07* | 0.29 0.11 0.22
(cm?/m?)
Fatfree 0.45 0.46 0.72 0.56 0.52 0.49 0.37 0.93
mass index
(BODPOD)
Fat mass 0.34 0.27 0.26 0.84 0.10 0.18 0.13 0.18
index
(BODPOD)
Waist 0.62 0.34 0.24 0.45 | 0.05 | 0.09* | 0.08* | 0.09*
Circumfere
nce
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Mid-arm
Circumfere
nce

0.75

0.37

0.21

0.23

0.053*

0.21

0.08*

0.12

HOMA%S

0.36

0.84

0.63

0.51

0.98

0.40

0.48

0.77

Matsuda
Index

0.09*

0.51

0.68

0.50

0.12

0.01**

0.02**

0.11

Serum
Vitamin D

0.95

0.25

0.18

0.30

0.09*

0.20

0.09*

0.15

Tanner
Stagé

0.57

0.25

0.43

0.99

0.34

0.22

0.28

0.22

Qlvs. Q4
Matsuda
Index

0.10*

0.50

0.63

0.57

0.10

0.02**

0.02**

0.07*

Qlvs. Q4
HOMA%5

0.051*

0.56

0.43

0.17

0.85

0.14

0.44

0.70

Season
(March to
Sept vs. Oct
to Feb¥

0.43

0.79

0.73

0.23

0.55

0.93

0.58

0.82

Tablel8: Correlation analysis of directly measured physical activity using

F O0St SNREYSGSNAZ

6{ LIS NXYI yQa

Note: within cohort analysis shown for Tanner Stage, quartile and season
comparisont: Kruskalwallis Testz Mann Whitney U testof LIXN ®MTF F LF ndnp

Total Activity Time

This measure of activity was most closely associated with the Insulin Sensitivity (I1S)

measures, in particular the Matsuda Index which is an estimation of glucose disposal.

/ 2 NNpvalles. A 2 y

More daily activity would fit with a bettebaseline metabolic flexibility, but in those

volunteers who achieved a minimum of six hours wiae it is not possible to say

whether they were worn for the full duration of the waking hours. The regnificant

correlation (figure21) with the HOMA mdelling quartile analysis must also be viewed

with caution for this reason, though the analysis showed that those in Q1 (least IS) had

fewer total minutes of activity per day than those in Q4 (most 1IS).
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Moderate to Vigorous Physical Activity

None of the ariables examined in association with measured activity was significant
for MVPA, but there was a trend towards age at study being associated: the younger
the individual, the greater the time spend in MVPA. This finding is well described in
other groups othildren(Basterfieldet al, 2012. One recent study found an increase

in fat-free mass index (in children who were younger and born small for gestational
age at term) with increased moderate actiiennedyet al., 2013, but this is not

seen in our cohort.

Total Daily Activity: comparison by HOMA%S quartiles

800
1

800
1

Mean Total Minutes Activity/Day
700
1

600
1

p=0.051

500
1

Least Insulin Sensitive (Q1) Most Insulin Sensitive (Q4)

Figure 21 Total dailyactivity (mean minutes/day): comparison of most and least

insulin sensitive by HOMA modelling (% sensitivity shown).

Sedentary Activity

The correlation analysis showed that there was a trend towards increased percentage
time in sedentary activity assot#l with some markers of adiposity (Subcutaneous
Adipose Tissue (SAT) Index, waist circumferenceamidcircumference). This is

consistent with other childhood cohor{Basterfieldet al., 2012.

Light Physical Activity

The most striking finding in the analysis for light activity was the association with the
measured Matsuda Index (see figu®). For both percentage of time in light activity

and the dailyminutes in light activity the association was statistically significant

98



(p<0.05) suggesting that those who did more light exercise were also more insulin
sensitive when given a glucose load. The absence of this association for IS measured
using the HOMA ntlaod suggests that it is specifically related to metabolic flexibility

as described by Kelléigelley 2009 NI G KSNJ G KI'y Wol aStAySQ Tl ¢
more in section 3.4. Trends towards a reduction in adiposity (SAT, waist circumference
and midarm circumference) are also seen with an increase in time in light activity.
Surprisingly, birthwight SDS score also seems to trend towards an association with

time in light activity: time spent in light activity increases with lowered birthweight

SDS. It is possible this is not a true effect as there is no association with gestational age
at birth which is highly correlated with birthweight in terms of maturity (i.e. the
birthweight SDS decreases with increased gestational age due to recruitment criteria

from the original studies).

Matsuda Index correlation with Light Activity
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Figure22: Significant correlation between Matsuda Index and lagttivity measured

using accelerometry

Total Step Count (mean/day)

In line with the findings for light activity, there were trends seen associating increasing
total step count/day with a reduction in waist circumference. The difference between

highest anl lowest quartiles for Matsuda Index when comparing total step count
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within the cohort also showed a trend towards increased IS with higher daily step

counts.
Matsuda Index Quartile Comparison: Mean Step-count/day
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Figure23: Trend towards increased daily step count between most and least insulin

sensitive (Mitsuda Index quartiles)

3.3.2 Skeletal Muscle Kinetics and mitochondrial oxidative capacity measured
by 31P-MRS

One of the main investigative techniques used in this study was Magnetic Resonance
Spectroscopy (MRS). To asses@wo mitochondrial function, 3RS was used. A

total of 59 of the cohort had an MRI scan and raw data was obtained from all of these.

The raw data was subject to pestllection analysis as outlined in the methods and

tables19 to 21present this data. There are two measures for phospkatine

NEO2QJSNE 6_oyt/ NO gKAOK Aada GUKS YSI adzNBE dza
mitochondrial oxidative capacity in skeletal muscle. The better the oxidative capacity
(measured by PCr recovery), the shorter the half time seen. Both datasets have both

been processed using the lotti correction to adjust the half times around the mean pH

of the group, in order to allow within group comparisqiatti et al., 1993. For this

group, those participants who did not fully deplete their PCr store during the exerci
$SNBE NBY20SR FTNRY |lylteara oftSH@Ay3a yrlpni
measure gave a reciprocal measure of the process ongoing during the exercise and
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also gave information about the quality of the MRS not always available by looking at

the PCr esults. The ADP curves were sensitive to inorganic phosphate splitting where

the voxel crossed across two muscle groups, which then recovered at different rates.

2 KAES GKA&a 3F@S Iy 20SNYXftf _oyt/ NE Al O2dz
thoseindividuals who had no splitting (n=38). Therefore, the affected individuals were
NEBY2@PSR G2 3IAPS GKS RIHIR2 deBiliS RING/ANYNSR2 &S
adjusted fornora Lt A0 _ oy! 5t Q@

Tablesl9 and20 show that there was no significant withaohort difference for either

boys vs. girls, original study enrolment or the extremes of measured insulin sensitivity.
Spearman correlation analysis of recorded minimum pH during standardised exercise
showed no correlation between nadir pH and insulinstwity measured by either

HOMA%S (Rhe0.10; p=0.64) or Matsuda Indices (Rho: 0.07; p=0.75). Serum

triglyceride levels were also analysed with respect to the measured muscle kinetics

and no correlation was found (p=0.65).

Male vs. Female | Growth vs. Potein
study
lotti-t R2dzAa G SR t / NJ 0.26 0.09*
lotti-t R2dzAa G SR t / NJ 0.48 0.63
adjusted fornord LI A G _ oy
_oy! 51t 0.36 0.99

Tablel9: Comparison of 3:MRS measured muscle kinetics by group within the
cohort. (ManrWhitney Utest); Table lists qvalues for the comparisonsp¥0.1

HOMA%S Q1 vs. @ Matsuda Index Q1
vs. Q4
lotti+ R2dza G SR t / NJ 0.62 0.85
lotti+- R2dza G SR t / NJ 0.85 0.44
adjusted fornord LIt A G _ oy
_oy!l 51 0.41 0.12

Table20: Comparison of 3ERIRS measured muscle kinetics by groups within the
cohort: comparison of most (Q4) and least (Q1) insulin sensitive. (Mémimey U
test); Table lists walues for the comparisons.
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lotti -adjusted | lotti -adjusted _oyl 51t
PCr recovery| PCr recovery
o _ oyt / o _ oyt /
adjusted for
non-split
_oyl 5t
Birth weight SDS 0.59 0.97 0.87
Gestational age at birth 0.079* 0.054* 0.07*
Age at Study visit 0.26 0.69 0.67
Tanner Stage 0.12 0.45 0.71
Height SDS 0.46 0.09* 0.15
Current Wt SDS 0.64 0.99 0.87
Current BMI SDS 0.62 0.52 0.75
Fat mass index (BODPOD) 0.47 0.55 0.80
Fatfree mass index (BODPOD 0.37 0.58 0.92
Visceral Adipose Tissue @®m 0.58 0.41 0.29
Subcutaneous Adipose Tissue 0.91 0.91 0.74
(cn)
VAT/SAT ratio 0.66 0.75 0.44
VAT Indexaim?/m?) 0.41 0.25 0.24
SAT Index (cffm?) 0.67 0.60 0.93
Total Minutes Activity 0.59 0.82 0.92
(mean/day)
MVPA (mean minutes) 0.52 0.33 0.25
MVPA (mean % total activity) 0.52 0.47 0.34
Sedentary activity (mean 0.44 0.91 0.74
minutes)
Sedentary actity (mean % 0.15 0.38 0.39
total)
Light activity (mean minutes) 0.29 0.34 0.57
Light Activity (mean % total) 0.12 0.43 0.55
Mean Stepcount/day 0.57 0.49 0.46
Wt SDS change [term to 2yr] 0.85 0.12 0.097*
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Waist Circumference 0.85 0.91 0.78

Mid-arm Circimference 0.63 0.87 0.94

Serum Vitamin D 0.03** 0.44 0.26

Table2lY { LISF NX Iy [/ 2NNBt | GA 2y :halftimé fér dedosieryT 2 NJ Y
PCr: PhosphocreatindDPadenosine diphosphate). MVPA: moderdtevigorous

physical activity. For activity measures, mean (either minutes or % of total activity) is
calculded over 3 days total data collection with minimum of 6 hours per day recorded.

Wt. SDS: weight standard deviation (z) scopxC.1 **p<0.05

Table21 shows correlation analysis of nanNJ Yy 8 T2 N¥ SR @I NAl of Sa d
O2NNBf A2y t XA WI NFRF G2 Btiwd2 | yoy@l NAFGS fAY
performed for these variables and yielded similar results, but required extensive
transformation of the variables to normalise the data for regression. For this reason,

the univariate regression datatiserefore not presented here. There is a consistent
association with gestational age and the length of half time during recovery (p=0.05 to
p=0.07) with longer times seen in those individuals who were more preterm when

born (see figur@4). Inthe lotttad2 dzA G SR t / NJ NBO2 3SNE 6 _ oyt / N
also significantly associated with the half time: the greater the vitamin D level, the

quicker the haltime recorded (figure5). This is not seen when those individuals with

inorganic phosphate splittingre removed.
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PCr recovery time correlation with gestation at birth
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Vitamin D

As other work has showf®inhaet al,, 2013, vitamin D is associated with muscle
kinetics measured with 31FIRS and potentially a reversible cause of worsened
mitochondrial oxidative capacity. Therefore, analysis was done to assess what factors
might be irfluencing serum Vitamin D levels. In line with findings published in the
literature, the Vitamin D levels in the cohort were significantly negatively associated
with measures of adiposity (see tall@)and there was a similar negative association
trend with sedentary activity. There was a trend towards a positive association with
the percentage of time spent in light activity, and vitamin D was strongly positively
associated with improved insulin sensitivity by both measures used in the study (see
section3.4). Unsurprisingly, serum vitamin D levels correlated with the month of the
year, and time of year when considered as a dichotomous variable. These results are
shown in figureR6to 29. Multivariate analysis was attempted to refine causation for
VitaminD levels but none of the models generated were valid as the terms used were
not found to be independent. This is perhaps in keeping with the fact that vitamin D

has many effects across many body systé@iggiset al., 2013.
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Serum Vitamin D level

Male vs. Female 1.11;0.27
Growth vs. Protein study -0.44; 0.66
Tanner Stage 1.66; 0.80
HOMA%S 0.34; 0.02**
Matsuda Indek 0.42; 0.005**
Season (March to pevs. Oct to FeB) 3.24; 0.001**
Month of Visi? 14.5; 0.07*
Birth weight SDS -0.20; 0.19
Gestational age at birth -0.025; 0.87
Age at Study visit 0.002; 0.99
Height SDS -0.20; 0.18
Current Wt SDS -0.34; 0.02**
Current BMI SOS -0.30; 0.04**
Fat mass index (BODP®D) -0.27; 0.07*
Fatfree mass index (BODPGD) -0.13; 0.39
Waist Circumference -0.28; 0.06*
Visceral Adipose Tissue ®Mn -0.36; 0.02**
Subcutaneous Adipose Tissue §fm -0.35; 0.02**
VAT/SAT ratio 0.08; 0.59
VAT Index (chm?)3 -0.33; 0.03**
SAT Index (cffm?)3 -0.33; 0.03**
Total Minutes Activity (mean/da$) -0.01; 0.95
MVPA (mean minute3) 0.20; 0.25
MVPA (mean % total activiy) 0.23;0.18
Sedentary activity (mean minutés) -0.18; 0.30
Sedentary activity (mean % &y -0.29; 0.09*
Light activity (mean minute) 0.22;0.19
Light Activity (mean % total) 0.29; 0.086*
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Mean Stepcount/day? 0.25; 0.15

Table22: Analysis of factors associated with serum Vitamin D levels and within cohort

groups.:: Mann Whitney U tes(z valuep); % Kruskahwallis Test (CHsquared Value;
p); 3. Spearman Correlation (Rhw);[*p<0.1; **p<0.05]

Serum Vitamin D correlation with Current Weight SDS
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Figure26: correlation between current weight SDS and Vitamin D
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Correlation between Matsuda Index andVitamin D levels
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Figure27: correlation between vitamin D and glucose disp@sdimate as
representation of IS (measured by Matsuda Index). Dashed lines represent accepted
thresholds for Vitamin D deficiency (50nmol/L) and reduced IS (Matsuda Index <3)

Vitamin D correlation with fasting Insulin Sensitivity
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Figure28: correlation between vitamin D and fasting IS (measured by HOMA
modeling). Dashed lines represent accepted thresholds for Vitamin D deficiency
(50nmol/L) and arbitrary reduced IS (HOMA%S<100)
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Serum Vitamin D: variation by month
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Figure29: correlation between month of study visit and measured serum Vitamin D

levels

3.3.3 Multivariate Analysis

Multivariate analyd & ¢ & LISNF2NNXSR gA0GK o620K _ oyt / NJ
whether there were any strong associations that might explain some of the variance

seen in the results. The larger dataset was used as it would have more power by virtue

of increased numbers, buhe smaller dataset was theoretically more accurate in

terms of what was occurring. With both (tabl23 to 28), variables for activity

measures and IS were considered separately before inclusion into the final models.

Early life growth (see section 3Mas also included in the analysis in light of

gestational age being a potentially important variable. In the final models, both were
considered using the different measures of IS. For each final modekigoificant

terms were removed until the minimumumber of significant variables remained.

Forbothlottit R2dza G SR _ oyt / NJ RIF Gl asSdaz GKS FAYL §
birth was the most significant predictive factor for mitochondrial oxidative capacity.

The earlier the gestational age atthiythe longer the half time for recovery seen. The

two other factors that were predictive were fasting insulin sensitivity (measured by
HOMA%S) and vitamin D status, with improved (shorter) half times where insulin

sensitivity was higher and vitamin D é&s higher.
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Model1 | Model2 | Model 3 | Model4 | Model 5
Sedentary activity 0.40 0.33 0.325 0.098 0.009
(mean % total)
Mean Step 0.11 0.14 0.03 0.04 0.03
count/day
Light Activity 0.40 0.33 0.33 0.69
(mean % total)
MVPA (mean % 0.41 0.33 0.33
total activity)
MVPA (mean 0.59 0.92
minutes)
Total Minutes 0.83
Activity
(mean/day)
Sedentary activity 0.81
(mean minutes)
Light activity 0.98
(mean minutes)
R 0.26 0.22 0.22 0.20 0.19
Adjusted R 0..04 0.09 0.12 0.12 0.14
p value (for modél 0.35 0.17 0.09 0.07 0.03

Table23: Multivariate regression analysis (model A) lfatti-adjusted PCr recovery

0 _ oyt / ND

gAGK RANBOGTE &

transformed before regression analysis.

Model 1 Model 2
HOMA%S 0.368 0.166
Matsuda Index 0.852
R 0.06 0.057
Adjusted R 0.000 0.03
p value (br model) 0.385 0.166

Yoritmal dziteBves ldg O G A G A (0 &

Table24: Multivariate regression analysis (model B) for tatdjusted PCr recovery

0 _ oyt / ND

GAGK RANBOGCE &

transformed before regression analysis.
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Model 1 | Model 2 | Model 3 Model 4 Model 5

Gestational age at| 0.053 0.178 0.04 0.009 0.005
birth

Serum Vitamin D 0.225 0.084 0.20 0.124 0.045
Sedentary activity | 0.196 0.175 0.19 0.479

(mean % total)

Mean Step 0.19 0.151 0.26

count/day

HOMA%S 0.291 0.259

Wt SDS change 0.45

[term to 2yr]

R 0.80 0.44 0.41 0.37 0.28
Adjusted R 0.64 0.30 0.30 0.29 0.24
p value (for model)| 0.03 0.03 0.02 0.01 0.004

Table 25 Multivariate regression analysis (model C) for lattjusted PCr recovery

6_oyt / NOS CAYylFf Y2RStT (GSadAay3a F2NJ KSGSNp.
(Vitamin D and Gestational Age) were independent. Inclusion of Tanner Staging was

not significantoy likelihood ratio testing of this model with or without Tanner Staging
included. Substitution of Matsuda Index for HOMA%S did not improve the model,

leaving only gestational age as the final term and increased heteroskedasticity (p=0.07
with Matsuda Ind& i.e. less independence of terms; p=0.59 with HOMA%S}. Non

normal data was log transformed before regression analysis.
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Model 1 Model 2 Model 1 Model 2

Total Minutes 0.305 HOMA%S 0.436 0.115
Activity

(mean/day)

MVPA (mean % 0.087 0.088 Matsuda 0.497

total activity) Index

Sedentary activity 0.086 0.088
(mean % total)

Light Activity 0.086 0.088

(mean % total)

Mean Step 0.029 0.041

count/day

R 0.31 0.27 R 0.12 0.10

Adjusted R 0.13 0.12 Adjusted 0.04 0.07
R

p value (for model) 0.18 0.16 p value 0.25 0.12
(for
model)

Table26: Multivariate regression analysis (model D) for latjustedPCr recovery
6_ oyt / N | R&dzE RSIR _ T2 MItyp2 5 ANBSOGf & YSI &dzNBR
sensitivity. Nomormal data was logransformed before regression analysis.

Model 1 Model 2 Model 3 Model 4
HOMA%S 0.566 0.037 0.008 0.103
Gestationahge at birth 0.002 0.012 0.007 0.002
Wt SDS change [term to 2yr] 0.174 0.063 0.085
Serum Vitamin D 0.112 0.391
Mean Stepcount/day 0.855
R 0.99 0.69 0.67 0.43
Adjusted R 0.96 0.59 0.60 0.37
p value (for model) 0.006 0.004 0.002 0.002

Table27: Multivariate regression analysis (model E) for tattjusted PCr recovery
6 _ oyt / NI I Ra&dzE RSIR _ T2 NItigERIDGHPMA%S ELthe $Sttefm.
Testing for heteroskedasticity showed that the final terms (HOMA%S and Gestational
Age) were idependent. Inclusion of Tanner Staging was not significant by likelihood
ratio testing of this model with or without Tanner Staging included.
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Model1 | Model2 | Model 3 | Model 4
Gestational age at birth 0.008 0.002 <0.001 0.001
Serum Vitamin D 0.08 0.327 0.16 0.25
Mean Stepcount/day 0.495 0.70 0.65
Matsuda Index 0.48 0.96
Wt SDS change [term to 2yr,  0.69
R 0.99 0.65 0.66 0.41
Adjusted R 0.98 0.51 0.59 0.36
p value (for model) 0.02 0.02 0.002 0.003

Table28: Multivariate regression analysis @akel F) for lottiadjusted PCr recovery

6O_oyt / N I Ra&dz RSIR _ @2 Mty2yYCAY Il Y2RSET LyOft
term. Testing for heteroskedasticity showed that the final terms (serum Vitamin D and
Gestational Age) were independent. Inclusainranner Staging was not significant by
likelihood ratio testing of this model with or without Tanner Staging included.

3.3.4 Discussion

The results obtained by objective measurement of daily activity and\sRB

interrogation of invivo muscle kinetics wasteresting, if for no reason other than

there appeared to be no direct correlation between the two. It might reasonably have
been expected that habitual activity levels would be associated with the oxidative
capacity of the mitochondria if it were very mifidble by training the muscles with
exercise. However, absencesfch aink may reflect the fact that the standardised

test is designed to deplete the PCr stores completely to measure recovery, and thus is
perhaps more extreme than usual ldevel aerolic exercise experienced at the

cellular level. There were, however, three key predictive variables which were

exposed in multivariate testing, relating to the PCr iaffe results.

The finding that gestational age at birth was consistently predictive@ft / NJ A a
important because it is most likely a variable that will not be modifiable by
intervention later in life. Work by Uauy and colleagues previo(Btytocciet al., 1992
has shown that ifants born preterm have a smaller PCr signal than their term born

counterparts, using a similar MRS technique to that used in this study. The authors
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speculated that these hypotonic preterm infants may have had limited phosphate
reserves such that when clenged by even a small increase in activity they depleted
their reserves very quickly and took a long time to recover. However, this would not
explain persistence of this effect once the infants become ambulant, active children

and adolescents. Using othmethods to measure oxidative capacity (aerobic fitness
score), Rogers and colleagu&ogerset al., 2005 demonstrated that at age 17,
adolescents born preten have reduced oxidative capacity and are more likely to
become fatigued. The other finding that may be relevant in these children comes from
postmortem specimens from the skeletal muscle of infants born preterm which
demonstrate that in preterms, theresia predominance of type 2 (leaxidative)

muscle fibres which have, relatively, a low density of mitochon@eenset al., 1978
Schlooret al,, 1979 Vogler and Bove, 1983n these studies which looked at muscles
such as the diaphragm and intercostal muscles, it was demonstrated that the normal
development towards term is to increase the density of type 1 (high oxidative) fibres.
However, in surviving preterm infants who have experienced the normal preterm
course of difficulty with deposition of lean tissue, there may be arrest or unchangeable
alterationin the density of type 1 fibres. A permanent reduction in mitochondrial

density may then be detectable in a prolonged PCr recovery. Aside from optimising
protein nutrition in the preterm infant, which will always be attempted as long as it

does not conflitwith neuroprotective nutritional strategies, it does not suggest that

this could be modified with intervention from termquivalent age onwards.

¢tKS aSO2yR @GFINAIOofS aKz2gy (G2 0SS AYLERNII Y
specifically fastingS as measured by HOMA (% Sensitivity) modelling. % Sensitivity was
specifically chosen as it reflects the physiological truth that IS is a continuum: insulin
resistance is more analogous with a clinically defined quantity that allows physicians to
quantfF @ gKSyY | LISNBR2Y YIe& ySSR AWIELSNIBSY(Az2y
t KeEaAaz2t23A0Ffftex NBRdzOSR L{ tSIFIRAYy3 G2 A
transit of glucose into the myocyte secondary to reduced expression of the insulin
receptor and gluase transporting receptors at the myocyte membrane. This was
demonstrated elegantly by Lim and colleagues using similar imaging techniques during
a hyperglycaemic hyperinsulinaemic clamp study in diabétioset al., 20114. In this

study, the thing that does ridit with this possibility is that the Matsuda Index, which
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is a better measure of glucose disposal than HOMA does not show any kind of
NEBfFGA2yaKALI G2 _oyt / N wS@ASgAYy3I GKS Ydz i

third, important variable: Vitami.

Ly 2dzNJ aGdzReé I | @inhaes&,\2013, yherd id affdattionship ¢ 2 NJ|
between decreasing serum vitamin D levels and increasing recovery @3 f_ oyt / NJp
This effect is independent to that seen from gestational age at birth in our cohort.
Vitamin D has many effects in many different tissues but it is not clear that it has a
direct effect on muscle at the myocyte membrane. It is possible thatikdclhave an
effect, as a hormondike substance, at the mitochondrial genome level upregulating
either the cellular mechanisms and machinery needed to improve oxidative function,
or more directly influencing ATP synthe@sarraet al., 2006. Vitamin D may also play

a role in mitochondrial uptake of Calcium, needed for effective muscle function but
also potentially important in stimulating ATP synthesis by tli®chondria. Sinha
proposes this as potential mechanism of vitamin D action and cites work on vitamin D
deficient chick muscle@lukherjeeet al,, 1981 as an example where the muscle does

not appear able to retain calcium.

Our study alsotsowed a very strong association between vitamin D and IS (see section
3.4). It is possible, therefore, that the association seen in some of the multivariate

models between HOMA sensitivity and mitochondrial oxidative capacity is, therefore, a
statistical faw which has occurred because of the underlying association between

Vitamin D and IS. Thus HOMA sensitivity appears in the model in place of vitamin D

RdzS (2 (GKS ylI{ida2NF 2F GKS (Saidz NIGKSNI GKI

In his study, Sinheeplaced vitamin D in his subjects and demonstrated an
improvement in clinical, and MRS muscle kinetic, outcomes. For our cohort, therefore,
it would be a potential intervention to supplement the cohort, and potentially those
born preterm elsewhere, witkitamin D in order to try to improve mitochondrial
oxidative function. Mize and colleagues cite an example of a childnaatdtle

hypotonia and icketswhere supplementation with vitamin D, calcium and phosphate
improved muscle kinetics measured by MRi&eet al., 1988. We did not measure
serum phosphate or calcium, but if vitamin D was used as a targeted intervention in
our cohort, these other serum dchemical measures might also need checking.
Intervention with supplementation also has to be considered in the clinical context: in
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{AYKIQa aitddzRé KS KIR 202SOGAGS YSI adz2NBa
where we have none. The muscle kinetics aot associated with measured o

I RALIZAaAAGE YR GKSNBT2NB y2 Ot AYyAOFf AYLI
addition, our findings were that of a linear association: supplementing only those who

were clinically vitamin D deficient (<25nmol/L or <50nmol/L depending on clinical
thNBaK2f RO g2dzZ R y20 ySOSaalNAt& SyO2YLJ &z
recovery. We would, therefore, not (in this study cohort) have any grounds on which

to recommend supplementation, beyond the usual clinical thresholds. The data do

show clarly, however, the potential need for supplementation through the winter

months in the North East, though this might well readily apply to any age group. If in

future studies there is evidence that there are clinical symptoms related to oxidative
functionimpacting on quality of life, in children or adolescents similar to those in our

cohort, then vitamin D supplementation may well be a good potential intervention to

GNE G2 FYSEAZ2NIGS (KSaS aevywizvao | 26S0S|
adolescents dmot perceive their differences in exercise capacity from tdronn

peers as impacting on their quality of lf)foger=t al., 2009.

The data from the cohort @m directly measured activity was, broadly speaking,

similar to the data seen in the millennium cohort who are another N&#st based

cohort who have had accelerometric recording of their activity le(Résterfieldet al.,

2011k Basterfieldet al., 2012. In our cohort, as theirs, we saw that boys were more

likely to be physically active thagirls(JimenezPavonet al,, 2010 and that as the

cohort aged, the amount of MVPA trended down. We also saw that increased time in
sedentary activity was assated with a trend towards increase in some markers of
adiposity. This has specifically not been found in some other authors (ierinedyet

al., 2013. The most striking new finding from the activity data was good evidence that

light activity is most strongly associated with IS measures. This has been discussed in
more detail in section 3.4. While there was no direct associat®riibs SSy _ oyt / NJ |
any of the activity measures, it is possible that light activity may have an indirect effect

on muscle oxidative function via either its positive association with IS, or via IS to
GAOFYAY 53 gKAOK A& | &a2 einipartdnRy, igcledsig _ oyt / |
light exercise seems to show a trend for reducing some of the markers of increased

adiposity (waist circumference, mam circumference, subcutaneous adipose tissue)
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which we have shown are the things that might influence degpmsiof visceral and
hepatic lipids. In terms of preventing progression of metabolic disease, light activity
might be more acceptable as an intervention (less daunting and perhaps more
sustainable than MVPA interventions) and therefore these are encowgdmidings

with respect to modifying the metabolic outcomes of those born preterm.
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3.4 Insulin sensitivity

hyS 2F GKS 1S@& RSUOSNNVAYI YRRE 025 SAKAEl aiXESA &

syndrome and in type 2 diabetes is thought to be reduced insufisigeity (also
described in the literature as insulin resistance). If there is a link between prematurity
and later metabolic ill health, insulin sensitivity (IS) may be an important determinant
or element which changes early in the process before adftfaalth occurs. It was

therefore important to examine in the current study cohort.

Two measures of insulin sensitivity were used. Firstly % Sensitivity calculated from the
HOMA2 model (HOMA%S) was used as a measure of resting insulin sensitivity (it is
calculated from fasting insulin and glucose levels). This was used in preference to the
more often quoted HOMA IR (insulin resistance) measure, which is the reciprocal of
%S: HOMAR = 100/%S. The choice was because it reflected the likelihood thas in thi
relatively young cohort it is more appropriate to talk about a change in sensitivity to
AyadzZ Ay olt2y3 | O2ydAydzdzyd NI (KS-dffloti KIy
threshold assumption which may not apply. 100% sensitivity would be thectegh
sensitivity for any given individual, which allows some-gudup analysis if required.

The second measure of IS used was the Matsuda Index which, as outlined in the
methods section, is an index which was formulated to be closely related to glucose
disposal as measured by a clamp study. It is one which lends itself to our methodology
(i.e. an oral glucose tolerance test) and is different to the HOMA%S measure in as
YdzOK |a AG t221a d G0KS 02Reé&Qa NBalkryas
assessing current metabolic flexibility, which may not be reflected by a single HOMA%S

value.

As my literature review of factors influencing IS in the ird@nadult time-course
demonstrated, growth may be an important a factor in later 1S. Theretbe
longitudinal data available for the cohort was examined to see which periods of

growth could be included in the analysis.

3.4.1 Growth in the cohort

Examining the longitudinal cohort data (for the 60 adolescents involved in the current
study), it was cleathat the most data points available per participant were for the

weight standard deviation scores (Wt. SDS). It was therefore possible to examine
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change in Wt. SDS as a measure of growth velocity over time period as a proxy for
growth. While this does rniaontrol for factors such as height, and includes no
measure of lean tissue vs. fat deposition, it is a reasonable measure as it is indexed to

the population mean for the age at the time of measurement.

Change in weight SDS over different time periods
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Figure30: Changes in weight SDS over differemte period in the current study
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Figure30 shows different epochs of growth within the current study cohort. It was
clear from this that to look at the cohort in terms of changgrgwth velocities, it

would be important to assess changetweencalculated Wt. SDS change in epochs, in
a longitudinal fashion rather than from any given tipeint to the current study, in

order to capture accurately any periods of rapid growth. Figirehows this

graphically and suggests that the major periods of growth are from term equivalent to
2 years and from 2 years to the last visit. However, there is little difference between
the changes in the SDS score either between botterm-equivalen, or from the last

visit-to-current (p=0.89).
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Change in Wt SDS score over follow up of the cohort
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Figure31: Change in weight SDS longitudinally in study cohort from recruitment to

current study. Boxplot shows Median, IR/alues are Mann Whitney U tests
between epochs for SDS change across each epoch

Changes in growth velocity longitudinally during cohort follow-up
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Figure32: Change in weight SDS longitudinally in study cohort from recruitment to

current study. Boxplot shows Median, IQR/alues are Mann Whitney U tests
between epochs for SDS change across each epoch.
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Figure 3dllustrates the same longitudinghange but combines the middle two

SLI2OKa (2 3IABS | Wi S NNFroflihéaa it waS yotipossigle f | &
to saya-priori whether the change iWt. SDS between terraquivalent to 2 years old

would be more important to IS measurement théhe change from term equivalent to

the last visit. As the change seen between 2yrs old to last visit was not significant when
compared to the change from last visit to current visit, the suggestion was that the

initial change in W SDS from term equivaht to 2 years would be most likely to be

important, but fa completeness, term equivalenbd-last visit was also used in the

analysiof IS measurements

3.4.2 Insulin Sensitivity: correlation analysis

From the 60 participants in the study, 46 had blood tat@allow serum analysis. In

46, there was sufficient blood obtained to do a fasting HOMA %S calculation, and in 45
there was sufficient to get a-Bour sample to allow calculation of the Matsuda index.
One participant (study number GM01) was excluded duart extremely high

calculated sensitivity which was thought to dee toan erroneousnsulin

measurement, using the HOMA2 model. Thus 45 results were available for the
HOMA%S and 44 for the Matsuda Index analyses.

Table29 shows the resultef { LIS | NJeédrrglaflon analysis for both HOMA%S and

the Matsuda Index in the study cohort. This was done to assess whether there were

any significant correlatiagbetween insulin sensitivity and potentially clinically

significant variables in the general areasaafxological measurement; overall body
O2YLIRaAGA2Y 0. h5th5u0T YSIFadaNSR fALAR O2°
dietary intake; and directly measured activity. Unsurprisingly, Spearman correlation for
HOMA%S against Matsuda index was highly significant (RB&p<0.001) as both

use the fasting insulin/glucose measurements in their calculations (fid@)re

For correlation analysis against HOMA%S it was clear that, as with the data from the

last study visit, the fasting insulin sensitivity was stronglyetated to current body
composition (BMI SDS, p=0.01; Wt. SDS, p=0.02; total body fat, p=0.02; Fat Mass Index,
p=0.01). HOMA%S was also seen to be associated with: body habitus (waist

circumference, p=0.02); subcutaneous adipose tissué & index, crff m?; p<0.01);
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serum lipids (cholesterol, triglycerides, EDjall p<0.05); and serum vitamin D

(p=0.02).

HOMA % Sensitivity|

Matsuda Index

(Rho;p) (Rho;p)
lotti-adjusted PCr recovery 0.15; 0.38 0.09; 0.61
0 _ oyt / ND
Birth weight SDS -0.03; 0.83 -0.17; 0.26
Gestational age at birth -0.02; 0.88 -0.01; 0.96
Tanner Stage -0.10; 0.52 -0.07; 0.67
Current Wt SDS -0.34;0.02** -0.29;0.06*
Wt SDS change [term tyQd -0.37;0.046** -0.15; 0.43
Wt SDS change [term to last -0.19; 0.28 -0.11; 0.55
visit]
Intrahepatic Lipid (%) -0.11; 0.49 -0.11; 0.50
Total body fat (%) -0.36;0.02** -0.36;0.02**
Fat mass index (BODPOD) -0.39;0.01** -0.37;0.01**
Fatfree massndex (BODPOD) -0.09; 0.52 -0.08; 0.58
Waist Circumference -0.34;0.02** -0.31;0.04**
Mid-arm Circumference -0.09; 0.55 -0.17; 0.28
Current BMI SDS -0.37;0.01** -0.39;0.008**
Visceral Adipose Tissue ®m -0.12; 0.45 -0.25; 0.11
Subcutaneous AdiposEssue -0.46;0.002** -0.41;0.005**
(cn)
VAT/SAT ratio 0.38;0.01** 0.24;0.12
VAT Index (cffm?) -0.13; 0.41 -0.25; 0.11
SAT Index (cf#fm?) -0.46;0.002** -0.43;0.004**
Serum Cholesterol -0.31;0.04** -0.15; 0.34
Serum Triglyceride -0.50;<0.00x* -0.49;<0.001**
Serum LDIC -0.38;0.01** -0.19; 0.21
Serum Vitamin D 0.34;0.02** 0.42;0.005**
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Dietary Energy (in 24 hours) 0.10; 0.52 0.24;0.12
Carbohydrate intake (in 24 0.12; 0.43 0.23;0.13
hours)

Fat intake (in 24 hours) -0.01; 0.96 0.14; Q38

Protein intake (in 24 hours) 0.21;0.17 0.35;0.02**
MVPA (mean minutes) 0.05; 0.79 0.12; 0.51
MVPA (mean % total activity) -0.02; 0.90 0.07; 0.68
Sedentary activity (mean 0.19; 0.29 0.12; 0.50
minutes)

Sedentary activity (mean % tota -0.08; 0.® -0.27;0.12
Light activity (mean minutes) 0.25; 0.15 0.44;0.01**
Light Activity (mean % total) 0.19; 0.28 0.41;0.02**

Table29: Spearman Correlation analysis for variables and either HOMA %S or Matsuda
indices. LDIC: low density lipoprotein C; MVP@oderateto-vigorous physical

activity; for activity measures, mean (either minutes or % of total activity) is calculated
over 3 days total data collection with minimum of 6 hours per day recordpe0.1;

**p<0.05]

Those with measurements suggestihgt they were overweightor that had

increased lipidieposition,had lower IS. There was no measurable association with
intrahepatic lipid content (p=0.49) or visceral adipose tissue (p=0.45) which was
surprising when considering the lipid hypothesis feduced IS. For both, the direction

of the correlation coefficient (Rho) did suggest that a lower lipid content (either IHL or
VAT) was in that of improved insulin sensitivity but neither result was strong enough to
consider a trend formed. Importantly, gnh as indicated by change in Wt. SDS from
term equivalent age to 2 years old was significantly correlated with measured IS (by
HOMA%S, p=0.046) with the correlation coefficient suggesting that the smaller the
change in Wt. SDS (i.e. the closer the SD& seas to staying the same between time

points) the more insulin sensitive the participant would be.

For Matsuda Index, there were significant changes in the profile of associated variables
from that seen with HOMA%S. Current body composition variables iess
significant or trending towards significance compared to HOMA%S (current Wt. SDS,

p=0.06; total body fat, p=0.01; waist circumference, p=0.04; BMI SDS p=0.008) and
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only serum triglycerides and Vitamin D levels were significant. Subcutaneous adipose
tissue was also very significantly associated with the measured Matsuda Index and
unlike the HOMA%S correlation, protein intake in 24 hours and light exercise also
reached significance (p<0.05). Directly measured skeletal muscle oxidative capacity

(adjustR _ oyt / N RAR y20 O2NNBtIdS gA0K SAGKS

Matsuda Index vs. HOMA: correlation
[

12

Spearmans Rho 0.66; R2:0.41
p<0.0001

8 10
|

Matsuda Index
6
1

T T T
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Figure33: HOMA%S results plotted against Matsuda Index.

3.4.3 Insulin Sensitivity and Intrahepatic Lipid content

The lack of correlation between either IS measurement and intrahepjitic(IHL)
content was an unexpected result. In order to examine this further, both measures of

IS were plotted against intrahepatic lipid content (figuBdsto 39.

The plot of HOMA%S against IHL showed that while the majority of the cohort had
clinicaly normal levels of intrahepatic lipid (IHL<5%) and a range of insulin sensitivities,
there was subgroup of five individuals who appeared to have a high IHL content and
low IS. When the same graph was plotted using the Matsuda Index, it could be seen
that two of the lowIS/highlHL individuals seemed to have a normal IS in terms of
glucose disposal as measured by the Matsuda Index (i.e. an index >3). It was also clear

that in the rest of the cohort there were some individuals who had reduced IS
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measured byHOMA%S but normalised Matsuda Indices. This suggested that the
resting IS did not necessarily equate to metabolic inflexibility in terms of coping with a
glucose load and perhaps suggested that resting reduction in IS precedes reduced
capacity to disposefa@lucose in development of metabolic disease. In order to
examine possible differences between these five-I8AHighIHL individuals, subgroup
analysis was completed (using Mann Whitney U tests) between the groups defined as

1IS<100%/IHL>5%, 1S<100%/I1Hh<sthd 1S>100%/IHL<5%.

Insulin sensitivity vs. Intrahepatic lipid content
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Figure34: HOMA%S vs. Intrahepatic Lipid content
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Matsuda Index vs. Intrahepatic lipid content

® \
[
- ° r
\
\
\
o | |
- \
L J ® |
e !
¢ \
> -
:” .. : .
@ |
% o ® ‘
gm— ° : °
. ® oo ® |
o oo |
~ - e & ¢ o ‘
[ 1 \ °
_________ ¢ ——————————————————————————— -
LS | .
N * o * I
° \
.
T T T T T
0 4 6 8
Percentage Intrahpeatic Lipid (1H-MRS)
Figure35: Matsuda Index vs. Intrahepatic lipid content
HOMA % Sensitivity and Matsuda Indices showing glycaemic flexibility
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Figure36: Matsuda Index and HOMA%S vs. Intrahepatic lipid content to show changes
from low insulin sensitivity toermal Matsuda indices after administration of a glucose

load
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Matsuda Indices were at the opposite ends of the pubertal spectrum (1 and 5) and the
remaining 3 were stages &,and5. As there were only 3 remaining who were

consistently of low IS (by both HOMA%S and Matsuda index) the subgroup analysis

was done using the HOMA%S values to see if there were any particular differences
between the outlying individuals (n=5) and tle@mainder of the cohort. The results of

the subgroup analysis are listed in taB@ The subgroup analysis also included the
comparison of all individuals with IHL<5% divided into two groups based on IS >100%

or <100%.

Compared to the remainder of the bort as a group, the 5 individuals with IHL>5%

had universallyaised serum lipids, higher indicts overweidht/obesity (raised BMI

SDS, waist circumference and Wt. SDS, p<0.05), evidence of higher lipid deposition
across compartments (especially visdedipose deposition, p=0.007) but were not
significantly different with respect to vitamin D status or Tanner Stage. These findings
are in line with the analysis looking at IHL and visceral adiposity presented in section
3.2.

When the five individuals Wi IHL>5% are compared to the cohort subgroup with

IS>100% and IHL<5% there is the same pattern of results seen as when comparing

them to the remainder of the cohort as a whole, but the significance is more marked.

¢CKS FTAQDOS AYRAGARGI f AaXeQ2 ¥idio MER K2 OBK A §F OWN!
measured by both auxological and body composition techniques (FMI, BMI [SDS], waist
circumference, Wt. SDS) and direct measurement of lipid deposition (visceral [p=0.017]

and subcutaneous [p=0.02]). They aéd @S KA IKSNJ & SNHzY f ALIAR ¢
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1S<100%/IHL>59
VS.

rest of cohort

1S<100%/IHL>59
VS.

IS<100%/IHL
<5%

1S<100%/IHL>59
VS.

1S>100%/IHL<59

1S<100%/IHL<59
VS.

1S>100%/IHL<59

lotti-adjusted 0.61 0.74 0.64 0.39
PCr recovery

0 _ oyt / N

Birth weight 0.96 0.53 0.77 0.98
S5

Gestational age 0.37 0.22 0.36 0.90
at birth

Tanner Stage 0.79 0.85 0.70 0.61
Current Wt SDS 0.03** 0.11 0.03** 0.40
Wt SDS change 0.62 0.59 0.70 0.046**
[term to 2yr]

Wt SDS change 0.71 0.79 0.71 0.58
[term to last

visit]

Totalbody fat 0.08 0.27 0.04** 0.02**
(%)

Fat mass index 0.06 0.23 0.02** 0.02*
(BODPOD)

Waist 0.02** 0.04** 0.02** 0.27
Circumference

Mid-arm 0.19 0.25 0.28 0.62
Circumference

Current BMI 0.02** 0.07* 0.02** 0.22
SDS

Height SDS 0.11 0.22 0.16 0.54
Visceal 0.007** 0.02** 0.02** 0.97
Adipose Tissue

(cnv)

Subcutaneous 0.04** 0.14 0.02** 0.01**
Adipose Tissue

(cn?)

VAT/SAT ratio 0.70 0.35 0.46 0.02**
VAT Index 0.008** 0.04** 0.01** 0.82
(cn?/m?)
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SAT Index 0.07* 0.29 0.02** 0.008**
(cn?/m?)

Serum 0.02** 0.05** 0.03** 0.01**
Cholegerol

Serum 0.002** 0.004** 0.002** 0.01**
Triglyceride

Serum LDIC 0.01** 0.03** 0.007** 0.01**
Serum Vitamin 0.34 0.79 0.09* 0.12
D

MVPA (mean 0.053* 0.11 0.31 0.24
minutesh

MVPA (mean % 0.04** 0.06* 0.07* 0.53
total activityl

Sedentary 0.04** 0.06* 0.02** 0.13
activity (mean

minutesh

Sedentary 0.02** 0.01** 0.05* 0.24
activity (mean

% totall

Light activity 0.29 0.17 0.59 0.03**
(mean

minutesh

Light Activity 0.03** 0.01** 0.10* 0.19

(mean % totahk

Table30: Conparisonsbetween groups within the cohort defined by Insulin sensitivity
(HOMA % Sensitivity) and Intrahepatic Lipid levels. Small groups (n=3) defined by IS
(<100%, >100%) or IHL (<5%, >5%). Mann Whitney U test used to assess differences
between groupshActivity measures: it should be noted that for comparisons involving
the 1IS<100%/IHL>5% group, there are only n=3 out of 5 possible datasets that could be
used (vs. up to n=41 for the rest of the cohoft)?<0.2** P<0.05]
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The final analysis was compaon between the halves of the cohort with K8% who

were 1S>100%, and <100% ,see if there were any differences that could be detected

as possible precursors for developing low HOMA%S. In this comparison the group with
IS<100% had significantly highat mass index (p=0.02) and higher subcutaneous
adipose tissue deposits (SAT indexJend], p=0.008), as well as higher circulating

lipids. In this comparison, early growth again seemed to be important with those who
were less insulin sensitive having hetligher change in Wt. SDS between term
equivalent and 2 years old (p=0.046). Unlike the general Spearman correlation analysis
for the HOMA%S measures, in this subgroup analysis, it was also shown to be
significant that those who have a higher IS are niikely to spend a greater

percentage of their activity in light activity than those with lower IS (p=0.03).

Within the first three comparisons, tab&0 lists the analysis of activity between the
various groups, but there are only 3 out of the 5 with I5#c>who completed wearing

the accelerometers satisfactorily to produce comparable data. Thus, while the data for
the comparison of IHL<5% but IS >100% vs. 1S<100% is useable and produced a valid
result for light exercise, the results for the other three quamisons cannot be

meaningfully interpreted due to the tiny sample size.

C2NJ 0KS FTAYylLFf O2YLI NRazy olftf (K2aS gAGK
exact test was also performed to see if the original study grouping (growth study vs.
protein study) had any significant effect on whether the participants had HOMA%S

above or below 100%. The twailed result showed p=1 and one tailed test had a

p=0.59, showing that there were no significant effects in the study cohort with respect

to HOMA%S, origitiag from their original study recruitment.
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HOMA % Sensitivity
Q1 vs. Q4p value

Matsuda Index

Q1 vs. Q4p value

lotti-- R2dza G SR t / NJ 0.62 0.85
Birth weight SDS 0.71 0.92
Gestational age at birth 0.90 0.65
Intrahepatic Lipid%o) 0.95 0.44
Tanner Stage 0.45 0.56
Current Wt SDS 0.13 0.14
Wt SDS change [term to 2yr] 0.04** 0.24
Wt SDS change [term to last visit] 0.35 0.31
Total body fat (%) 0.12 0.09*
Fat mass index (BODPOD) 0.08* 0.09*
Waist Circumference 0.11 0.052*
Mid-arm Circumference 0.85 0.39
Current BMI SDS 0.08* 0.04**
Height SDS 0.23 0.31
Visceral Adipose Tissue @m 0.67 0.07*
Subcutaneous Adipose Tissue {Er 0.04** 0.04**
VAT/SAT ratio 0.09* 0.38
VAT Index (cm?) 0.67 0.07*
SAT Index (cffim?) 0.04** 0.04**
Serum Cholesterol 0.28 0.67
Serum Triglyceride 0.006** 0.007**
Serum LDIC 0.07* 0.41
Serum Vitamin D 0.045** 0.005**
MVPA (mean minutek) 0.56 0.51
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MVPA (mean % total activity) 0.44 0.63
Sedentary activity (mean 0.17 0.57
minutesh

Sedentay activity (mean % tota) 0.84 0.102
Light activity (mean minuteR) 0.14 0.02**
Light Activity (mean % totad) 0.44 0.02**

Table31: Comparison between most (Q4) and least (Q1) insulin sensitive quartiles
within the cohort for both HOMA % Sensitivitgd Matsuda indices. Comparisons
done with Mann Whitney U test$* p<0.1,**p<0.05]

The comparison excluding the five subjects with IHL>5% spanned a range of IS and did
not include the Matsuda Indices. Therefore, to interrogate the extremes of the data
further for potential clarification of factors which might predict IS, the HOMA%S and
Matsuda data (excluding the five with IHL>5%) was split into quartiles to allow
comparison of thossubjects with the highest and lowest IS for both measures. Table
31showsthe comparisons of the most (Q4) and least (Q1) sensitive subjects for both
HOMA%S and Matsuda Index compared to the other measured variables. Common to
both measures of IS were differences between the extreme quartiles for body
composition (FMI, BMI SD&Hipose tissue deposition (subcutaneous) and serum
triglyceride levels. Between the extreme quartiles in these measures, a tendency for
increased adiposity was associated with reduced insulin sensitivity. Vitamin D level
were also significantly differeftetween Q1 and Q4 in both indices (p=0.045). Specific
to HOMA%S, serum LfOLlevels were different between the two groups (with a
tendency to higher levels in Q1) and change in Wt. SDS was also significant, as it had
been in comparison involving all witHL<5%. Specific to the Matsuda Index
measurements, light exercise (absolute minutes and % of total daily activity) was
significant with higher % in light exercise and higher absolute minutes associated with
the higher IS in Q4. Visceral adiposity and grointake trended towards significance
(p<0.1 >0.05) with those in Q1 having greater visceral adipose deposits and lower

protein intake in their diet.

132



HOMA % Sensitivity

Matsuda Index

Corr R P Corr R P
Coeff Coeff
Current Wt SDS -11.6 | 0.19 | 0.003** -1.0 0.15 | 0.01+
Wt SDS change -7.3 0.09 0.105 -0.33 | 0.02 0.40
[term to 2yr]
Wt SDS change -3.8 0.04 0.23 -0.13 | 0.005 0.70
[term to last visit]
Total body fat (%) -17.2 | 0.16 | 0.006* -1.4 0.11 | 0.03*
Fat mass index -15.0 | 0.17 | 0.004+* -1.3 0.13 | 0.02*
(BODPOD)
Waist Circumference 1288 | 0.14 | 0.01** 118 0.12 | 0.02*
Current BMI SDS -10.1 | 0.16 | 0.007* -0.94 | 0.14 | 0.01*
Visceral Adipose -6.16 | 0.02 0.38 -1.24 | 0.09 | 0.05&
Tissue (crf)
{ dzo Odzi Q ! 264 0.19 | 0.003* 23.3 016 | 0.009+*
Tissue (crfu M
VAT/SA ratio 16.3 0.17 | 0.006* 0.86 0.05 0.16
VAT Index (cA#m?20 ¥ 20.0 | 0.005 0.65 6.76 | 0.062 0.11
SAT Index (cffim?) -15.9 | 0.21 | 0.002* -1.43 | 0.17 | 0.006*
Serum Cholesterol | 590.1 | 0.12 0.02 24.3 0.02 0.34
Serum Triglyceride | -34.4 | 0.28 | <0.00%* 3.1 0.25 | <0001**
Serum LDIC -52.2 | 0.22 | 0.001* 2.2 0.04 0.19
Serum Vitamin D 25.9 0.13 | 0.01* 2.7 0.15 | 0.008*
Protein intake (in 24| 3.74 0.06 0.10 0.57 0.15 | 0.01**
hours)
Light activity (mean | 0.18 0.11 0.06 0.03 0.24 | 0.004*
minutes)
Light Activity (mean| 1.14 0.05 0.20 0.25 0.19 | 0.01+
% taal)
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Table32 (previous page)Univariatelinear regression analysis of variables found to be
AAAYATAOLI Y dza Ay 3 { LISorNafydigtibatedd@&aNdgBS € | G A 2 y
transformed for analysis, with exception thatdata normaligd by inverse of SQRT

before regression therefore direction of correlation coefficient reversed.

[*p<0.1** p<0.0§

Model 1 Model 2 Model 3

Fat Mass Index 0.19 0.20 0.24
Current weight SDS 0.19 0.20 0.16
BMI SDS 0.67 0.56

Waist Circurference 0.74

R 0.22 0.22 0.21
Adjusted R 0.14 0.16 0.17
p value (for model) 0.036 0.016 0.007

Table33: HOMA % Sensitivity multivariate regression modelling (model A): body

composition measures (table showwalues for individual components of mell

Model 1
SAT index 0.001
VAT index 0.168
R 0.24
Adjusted R 0.21
p value (for model) 0.003

Table34: HOMA % Sensitivity multivariate regression modelling (model B): measured

abdominal fat, indexed against height (table shgwslues for indiidual components)
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Model 1 Model 2
Cholesterol 0.67
Triglyceride 0.02 0.02
LDEC 0.10 0.04
Vitamin D (total) 0.03 0.03
R 0.43 0.42
Adjusted R 0.36 0.38
p value (for model) <0.001 <0.001

Table35: HOMA % Sensitivity multivariate regression g (model C): measured

serum lipids and vitamin D (table showsalues for individual components of model)

Model 1 Model 2 Model 3 Model 4 | Model 5

Fat Mass Index 0.24 0.11 0.03 0.048 0.02
Triglyceride 0.009 0.004 0.001 0.002 0.001
Vitamin D (toal) 0.10 0.10 0.09 0.10

Wt SDS change 0.25 0.17 0.16

[term to 2yr]

LDLC 0.31 0.28

SAT index 0.69

R 0.59 0.59 0.57 0.42 0.37
Adjusted R 0.47 0.50 0.50 0.37 0.34
p value (for 0.002 <0.001 <0.001 <0.001 <0.001
model)

Table36: HOMA % Sertsiity multivariate regression modelling (Final model [D]):
Significant variables for predicting Insulin Sensitivity by HOMA % Sensitivity. Fat mass
index used as significant body composition variable (table sipovasues for individual
components of modB.
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Model 1 Model 2 Model 3 Model 4

Triglyceride 0.02 0.01 0.04 0.02
Vitamin D (total) 0.15 0.15 0.11 0.03
LDLC 0.18 0.10 0.05 0.039
Current Weight 0.54 0.17 0.11

SDS

Wt SDS change 0.39 0.27

[term to 2yr]

SAT index 0.73

R 0.57 0.58 0.46 0.42
Adjusted R 0.45 0.48 0.40 0.38
p value (for 0.004 <0.001 <0.001 <0.001
model)

Table37: HOMA % Sensitivity multivariate regression modelling (Final model [E]):
Significant variables for predicting Insulin Sensitivity by HOMA % Sensitivity. Current
Weight SD8sed as significant body composition variable (table showedues for
individual components of model).

Once the analysis of the data using extreme quartiles was performed, the most
significant variables (both as per analysis and in clinecedg) were examined using
linear regression. Where necessary the variables were normalised with log
transformation to allow analysis. The results of the univariate analysis are shown in

table 32.

From these results, significant variables were modelle@tiogr for both the HOMA%S
and Matsuda indices to give a final model for each. The process of modelling for
HOMA%S is shown in tabl@3to 35. In these models, neither fat mass index nor
current weight SDS reached significance as an individual term blatavetclinically
potentially important and so were included in final modelling (ta®$e37). When FMI
is included in the model (tablgg) for HOMA%S it is a significant term. With serum
triglyceride, it accounts for nearly 40% of the variance seen imtbasurement of
HOMA%S after removal of negnificant cevariables. Importantly for our cohort, this

suggests that intervention might be possible to modify HOMA%S through these
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indices. For both FMI and serum triglyceride the correlation is negativéhedower

the FMI or serum triglyceride, the better the IS.

As current Wt. SDS was also identified as significant in the earlier correlation analysis it
was used as a variable in this multivariate modelling (t&@)ebut when the model is

pared down renoving nonsignificant variables, it is lost to a final model involving only
serum measures. Interestingly Vitamin D is left in this model but disappears from the
previous one, suggesting that it is associated with FMI andS@'8, being more

important than current Wt. SDS in IS, but less so than FMI. In the second model,

GKSNBT2NBs A0 Aa Ffy2ad || WLINPE&Q YSI &dzNJ

The same process was executed for the results from the Matsuda Index data, using
modelling around similar variables to pick the moshgigant and then putting them

into a single multivariate model, refined by removing regnificant terms (table38

to 41). The final models were then constructed using the significant variables and, as
with the HOMA%S modelling, both FMI and current 3RS were used (tabld4 and

42). Both processes left the same final model with serum triglyceride and mean
minutes in light activity being most predictive of a glucose disposal (i.e. IS by Matsuda
Index). The correlation coefficients showed that the miigat exercise, the higher the
Matsuda Index (IS) waand the higher the serum triglyceride levels, the lower the IS

as seen in the HOMA%S modelling.

Model 1 Model 2 Model 3

Fat Mass Index 0.46 0.39 0.38
Current weight SDS 0.49 0.35 0.20
Waist Circinference 0.89 0.91

BMI SDS 0.93

R 0.16 0.16 0.16
Adjusted R 0.07 0.10 0.12
p value (for model) 0.13 0.07 0.03

Table 38 Matsuda Index multivariate regression modelling (model F): body

composition measures (table showwalues for individual comgnents of model)
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Model 1
SAT index 0.03
VAT index 0.79
R 0.17
Adjusted R 0.13
p value (for model) 0.02

Table89: Matsuda Index multivariate regression modelling (model G): measured

abdominal fat, indexed against height (table shgualues for indvidual components)

Model 1
Triglyceride 0.002
Vitamin D (total) 0.02
R 0.35
Adjusted R 0.32
p value (for model) <0.001

Table40: Matsuda Index multivariate regression modelling (model H): measured

serum triglycerides and vitamin D (table shgwalues for individual components of

model)
Model 1 Model 2
Light Activity Mean (Total Minutes/day) 0.17 0.006
Protein Intake (g in 24 hours) 0.08 0.08

Light Activity Mean (percent of all activity/day) 0.94

R 0.31 0.31
Adjusted R 0.24 0.26
p value (for model) 0.01 0.004

Table41: Matsuda Index multivariate regression modelling (model I): Activity and

dietary intake (table showg values for individual components of model)
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Model1 | Model2 | Model 3 | Model4 | Model 5
Triglyceride 0.007 0.004 0.003 0.03 0.001
Vitamin D (total) 0.22 0.19 0.21 0.14 0.012
Light Activity Mean 0.09 0.08 0.02 0.01
(Total Minutes/day)
Fat Mass Index 0.32 0.35 0.33
SAT index 0.57 0.66
Protein Intake (g in 0.69
24 hours)
R 0.55 0.54 0.56 0.54 0.50
AdjustedR? 0.42 0.44 0.49 0.49 0.46
p value (for model) 0.004 0.002 <0.001 <0.001 <0.001

Table42: Matsuda Index multivariate regression modelling (Final model [J]): Significant
variables for predicting Insulin Sensitivity by Matsuda Index. Fat mass indexsused a
significant body composition variable (table shows p values for individual components

of model).

Model1 | Model2 | Model 3 | Model 4 | Model 5
Triglyceride 0.008 0.006 0.003 0.003 0.001
Light Activity Mean 0.08 0.03 0.02 0.01 0.012
(Total Minutes/day)
Vitamin D (total) 0.32 0.31 0.25 0.14
Current Wt SDS 0.39 0.31 0.29
Protein Intake (g in 0.60 0.67
24 hours)
SAT index 0.74
R 0.54 0.57 0.56 0.54 0.50
Adjusted R 0.41 0.47 0.49 0.49 0.46
p value (for model) 0.005 <0.001 <0.001 <0.001 <0.001

Table 43 Matsuda Index multivariate regression modelling (Final model [K]):

Significant variables for predicting Insulin Sensitivity by Matsuda Index. Current Weight
SDSused as significant body composition variable (table showalues for individual
components of model).
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model for Matsuda Index, the models were tested for heteroskedasticity before and

after adjustment for Tanner Stage. Inclusion of Tanner Stagedlidlter any of the

final models (the difference between models with or without Tanner Stage was

insignificant on likelihood ratio testing) and there was no heteroskedasticity,

suggesting that the terms included in the final models were independent.

3.4.4 Discussion

When considering the analysis of IS, the overall aim was perhaps to try to discern both
whether there was any detectable correlation with preterm birth that may have
influenced IS measured later in life, and also what other factors associatedd&ive
work, with a view to potential therapeutic intervention. As the logic model generated
from the literature review showedTinnionet al., 2014, the suggestion is that the

further on those who are born preterm are from infancy, the less the measurable
effect of prematurity, low birthweight or rapid growth is. In the current cohort, there
was no correlation at all betweegestational age, birthweight SD&dthe original

study enrolment (growth or protein study), and the measured IS by either method.

In this study the different correlation analyses showed tfuaitboth methods of IS
measurement, current body habitus is snportant determinant of IS: the more

W RALI2ASQ UKS 02R& KlIOoAdGdza oKAIK FLa YI a
lower the insulin sensitivity. This was in keeping with the findings from the last study

visit the cohort undertookWoodet al,, 2013 and the wider literature which suggests

their influence over IS increases with chronological @genionet al., 2014.

It was unexpected that there was no correlation between IHL content and measured

L{® ¢KS fAGSNI GdzZNBE | N2dzy R U KS stgfestedrhit K & LJ:
hepatic lipid deposition would be related to measured IS. Examination of the

correlation between IHL and IS identified a subgroup of adolescents with both above

Wy 2NXFEQ LI[ 06OfAYyAOFffe aAdayArATFdoledsyild f So
than 100%. The majority of the cohort had low (<5%) and so this analysis allowed the
opportunity to examine whether there was anything that could predict development

of an IHL>5%/low IS status, as well as look for differences between those witiainor

IHL and high or low IS. The analysis showed that at low IS, the differences between the
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groups with IHL above or below 5% were related mainly to lipid deposition as found

earlier in section 3.2 (visceral adipose tissue and serum lipids, especidyigetrides).

There was little difference in body composition. However, when comparing the five
AYVRAGARdAzZr ta 6A0GK KAIK LI[ G2 0G0KS AYRAODAR
subgroup were leaner and had less subcutaneous fat, in addition to reduseeraf

adipose tissue. They also had lower levels of serum lipids. These results all fit with the
20aSNDFGA2Y GKFG QF OljdZANBR YSiGlo62f A0 OKI
They also suggest that there may be opportunity for intervention dutiregchildhood

years that might move children towards a metabolically healthy phenotype and modify

positively ongoing metabolic development.

When comparing those with different IS (by HOMA%S) but IHL<5% (both whole group
and highest/lowest quartile for IS)milar trends were found as between the five
W2dzif ASNEQ YR GKS WKSIfGOKeQ &dz INRdzLIAS
comparison within the Matsuda Index measurements. As HOMA%S is essentially a
fasting state measurement and Matsuda Index is a meastiglucose disposal (in this
study, over a two hour oral glucose tolerance test), it would be expected that there
would be a difference in the factors influencing the measured IS. The initial graphing of
IHL vs. IS suggested that even in those with Hghand low IS, there was still a
measurable degree of metabolic flexibility such that of the five individuals who had

low IS by HOMA%S with IHL>5%, when given a glucose load, two recorded normal
Matsuda indices suggesting an ability to cope with the@dedoad. In the general

cohort, this was also seen in a number of individuals with HOMA%S of <100% and
IHL<5% who subsequently had normalised Matsuda Indices. This can be interpreted as
a demonstration of functional metabolic flexibility despite reducastiing IS.

Importantly, when considering these results, there was no discernible effect from
pubertal stage in any of the modelling. Examination of the highest and lowest quartiles
showed some commonality of influence on IS between the two methods: batvesth

a trend towards significance for FMI and BMI SDS, and triglyceride was significantly

associated with both.

Low vitamin D was also significantly associated with reduced IS by both methods. The
significance of triglycerides was not surprising as tteeedocumented physiological

mechanisms by which they can directly affect I1S. Vitamin D has also been shown to be

141



lower in obese individuals, and in those born preterm, and this might explain the
correlation seen. Imther populations there is a wetlocumented association between
reduced vitamin D and markers of reduced@8&iuet al., 2004 Forouhiet al., 2008

Liuet al, 2009a BazHecht and Goldfine, 20)PSome studies with vitamin D
replacement have claimed to improwesulin sensitivityBelenchieet al., 2013

Kelishadet al,, 2014 and so there may be a direct mechanism at work between IS and

VitaminD levels in both the most and least insedi@nsitive individuals.

The question of whether there is anwivo link between vitamin D and insulin
secretion and adbn is not yet resolved.ie PROspective Metabolism and ISlet cell
Evaluation (PROMISE) sy{i§layaniyikt al,, 201] reported asociations in univariate
analysis betweelbaseline vitamin D status and progression to dysglycaemic states
(diabetes, impired fasting glucose or reduced glucose disposal) in ans/gear old
population, but not inongitudinalmultivariate analysis. In an earlier paficayaniyiet
al., 2010 the same authors had presented results to suggest that in a-@@ssonal
study of individuals atisk of T2DM there was an associatiwith vitamin D levels and
both fastinginsulin sensitivity (measured by HOMA) and glucose disposal (measured
by Matsuda index) even aftedjusting for sociodemographic factoghysical activity,
supplement use, patayroid hormone, and BMRatstudiesinvolving induction of
diabeticlike states by destruction of islet cells (by streptozotocin administration in
vivo), followed by dietary supplementation of vitamin D, found upregulate
transcription and expression gfutamatergic receptors in those animals who had
been given the vitamin D supplemdd@yanarayanaeat al,, 2015. In rats these
receptorsincreasel the calciummediated release ahsulin andthe authors postulate
arole fortheminthel YGARALF 0 SGAOQ | Dthdexpedme T GA G Y
Incubation of untreatedrat, islet cells with vitamin D for an hour resulted mtieased
glucosestimulated insulinsecretion invitro(Jeddiet al., 2019. In humansthe
presence of the vitamin D receptor pancreatic tissuandthe vitamin D response
element in the insulin gene promoter region, with evidence of transcriptional
activation caused by vitamin(Maestroet al., 2003 also strengthen the possibility

that vitamin D may play an-vivo role in insulin homeostasis.

The presence of individuals who werestiin sensitive by both measures with IHL<5%;

insulin sensitive by Matsuda indices but not by HOMA%S with IHL<5%; and three who
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had low IS by both methods and IHL>5%; suggests that there may be a metabolic
LINEANB&a&A2Y FTNRY Wy2NWOHIS & 2F tYSFHayoXiS @ yi &
AYyTEt SEAOE SQd ¢KS RIGF R2 y20 3IAGS Lye |y,
step, but they would suggest that the first changes are related to increased adiposity in
body habitus, total fat and subcutaneous defims of fat (which reduce resting IS),

then an increase in serum lipids and visceral adipose tissue (which then leads to

increased IHL). The fact that individuals could have IS above and below 100% despite
IHL<5% would suggest that clinically high IHlioisa mandatory determinant of IS in
0KSaAaS AYRAGARdzZ ta& FyR GKFEG GKS Gg2 YIe@& o
there is a threshold effect beyond which IHL begins to accumulate and then begins to
contribute to overall IS. No individual hadlLi>5% and resting 1IS>100% suggesting that

IHL follows IS, not the other way rounthe lack of dect association between IHL and

IS is also, perhaps, a reason to revisit the possibility of looking at amtdaextra

myocellular lipid and seeing if theig a similar distribution to IHL, or whether it shows

a relationship to IS in a more direct fashion.

There was also the finding that some individuals retained functional flexjlitgn

faced with a glucose loatb explain. In the quartile analysis, thata suggested that
individuals with higher levels of light exercise and lower levels of visceral adipose
tissue had higher Matsuda Indices and therefore it may be that this type of exercise is
protective, even if there is IHL>5%. Similarly, adoptinfgstyile which reduces the
likelihood of developing visceral adipose tissue deposition may help improve metabolic

flexibility.

Quartile analysis also showed that early life growth was different between the most
and least insulin sensitive individuals, mesesl by HOMA%S, with those who had
greatest change in Wt. SDS from term equivalent age to 2 years old being least
sensitive to insulin. This suggests that there is a degree of metabolic programming by
early life growth involved in the difference betweeretmost and least sensitive, but
when introduced as a variable in multivariate modelling, it loses its significance
compared to other contemporary variables. This univariate significance of early growth
for IS becoming less significant through the-titeurse is in keeping with the published

literature.
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Multivariate analysis confirmed that IS was strongly related to fasting triglyceride
levels in both HOMA%S and Matsuda calculations. The analysis produced two potential
models for HOMA%S, one which includadmass index and one based on serum
measurements (triglyceride, LEZ_ and Vitamin D), in addition to triglycerides. From a
clinical perspective, the model with fat mass index is more relevant as it takes account
of the changes in metabolic status leadiogeduced IS that are suggested by the
quartile and subgroup analysis. It is also more elegant because the process of
generating the model with fat mass index involved inclusion of vitamin D and€CLDL

(the other significant terms for the threeariable DMA%S model) and fat mass index
was more significant than either of the other terms. The multivariate model for
Matsuda Index (consistently) suggested that the number of minutes in light activity
was important in predicting the glucose disposal after lagdihus IS, alongside serum
triglyceride levels: longer in light exercise was proportional to improvement in
Matsuda Index (i.e. IS). This would provide a good potential target for intervention,
and it is notable that it is light exercise that seems todnthe beneficial effect: as such
this might be more palatable as an intervention for health than one which required
regular MVPA. Light exercise, which might be considered conditioning for skeletal
muscle function, over longer periods, may have a spegffect on the skeletal muscle

IS. This would explain why it is associated with disposal of glucose after a load (not the
fasting IS) and also why two individuals with IHL>5% and 1S<100% can have normal
Matsuda Indices. In line with some of the researdb iiype 2 diabetes which showed

that reduced IS in skeletal muscletype 2 diabetes was not secondary to a
mitochondrial function issuéLimet al,, 2011¢ (but probably more to do with glucose
uptake into the myocyte) there was no association between oxiddtiuetion and IS

in this analysis.

Overall, the results for analysis of IS in the study cohort suggest that while there is no
discernible link to prematurity or birthweight, early growth may have some bearing on

'y AYRA@GARdzZ t Q& THoweiek yhen cornfeinplataty yariahl&syar@ A ( A O .
taken into account, its significance is greatly reduced. This is in keeping with the

published literature. In general, the two different measures of IS show that there are

some body composition and habitus variablehich influence IS across both

measurement techniques, but there is a difference in the flexibility with which a
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glucose load can be tolerated. As such, the influences on this ability are different to
those governing the baseline IS in any individuadeé\gom interventions designed to
improve baseline IS by reducing circulating lipids, reducing deposition of adipose tissue
and (possibly) optimising vitamin D levels, the results also suggest that targetisg at
individuals with light activity interugions might help preserve metabolic flexibility

even when baseline IS is reduced.
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3.5 Future Studies: cohort opinion on lifestyle intervention

At the end of each study visit, the volunteers were given a questionnaire with ten
options for interventions thatould be used in a future intervention study. The
intervention would be designed to be minimally intrusive to family life but be well
adhered to, in order to try to improve lifestyle in children born preterm. In an
intervention study, the current study ptocol (or modified version thereof) would be

used to assess progress over time. On the questionnaire, each intervention was scored

on a Likerstyle rating scale (from 0 to 10; 10 = most desirabée page 162)

3.5.1 Questionnaire results

Option for intervention Mean SD Mode | Median IQR
w2yS G2 2ySQ | 6.89 2.19 8 7.0 541t08
Wii fit and weekly coach 7.06 2.28 8 8.0 6.0t09
Gooking lessons for whole 7.88 1.95 9 9.0 6.4t09
family

Free access to local 8.45 1.68 10 9.0 8.0to 10
swimming pool

Weekend lifestyle and 7.03 2.21 9 7.0 50to9
activity camps (children)

Shool holiday lifestyle and 7.24 2.32 8 8.0 6.0t0 9
activity camps

Gym membership for 1 year| 7.83 2.30 10 9.0 7.0to 10
Space on an allotment and 5.68 2.82 5 6.0 3.0to8

teaching how to grow your
own vegdables

Organised walks to/from 5.81 2.43 5 5.0 40to 8
school
Regular coaching in team 7.99 1.91 9 8.0 7.0t09

AaLR2NIGa 2F OKA

Table44: Results of Lifestyle Intervention Questionnaire. Kruskélllis test for
difference between groups: Chguared: 74.2; p<0.001

The resultsrom the questionnaire (table 44 and figure)3howed that there was a

wide spread of preferences for which intervention would be most acceptable. There
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was significant difference across the gps with the option for space on an allotment
being least popular and the most popular being free access to a swimming pool. This
would be the recommendation for a set lifestyle intervention from this study, for
future studies, as it would fit with the obsvation that light activity is probably most
beneficial in metabolic health outcomes. We have no evidence to suggest that a
particular dietary pattern in the data collected, nor that mandating MVPA, would be
most effective in modifying the metabolic outoes within the cohort. However, it

would have to be mandated for a longer session, frequently undertaken, at a gentle
pace. This would possibly require supervision or coaching until a habit was formed,
with a diary record kept to ensure consistency in ihiervention. This approach

would also fit observations from other studies that long term aerobic trairgrgest in
AYLINEGAY3I YAG2O0K2YRNALFE 2EARI GA MRS Fdzy O A
(McCullyet al., 1989.
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Figure 37 graphical representation of cohort preferences for lifestyle intervention.
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Chapter 4. Study Strengths, Weaknesses and Confounding Factors

The current study hadreas of both strength and weaknes®meby its design, some

which are related to the methodeind soméebecause ofhe nature of thecohort.

4.1 Strengths

The fact that thestudycohort was drawn fronthe larger, original cohort, who have a
good track record foparticipating in research, meatitat within the study period it
waspossible to achieve the target recruitment of participants.The study itselfvas

only one visit Athough the childrerhadto be fasting for themorning visit, the single
visitminimised inconvenienceand disruption in this largely scheattending cohort,
whilst still producing datalhe way the children were recruited also was shown, by the
data produced, to have producedcahort representative of the larger cohort and one

mostly unaffected by the original recruitment (into growth or protein studies).

The studyused many different techniques to asseasvide range of metabolic

outcomes. h practicethis was challenging tarrange and program into one visit
(requiringliaison with and training fromwith experts in vaous different fields). It

required a lot of support in analysing the raw data from specialist techniques (e.g.

MRS nutritional recall andiccelerometey but this was achieved within a framework

that would allow the study to be repeated in future studi@dl of the methods used

had been used in this age group before with the exception (locally) of the magnetic
resonance protocol, which was unique inthece@ir@ S ELISNA Sy 0SS (2 RI

familiar to them in its components in other age groups

It is also a strength of the cohort that data from previous visits exists (in a longitudinal
fashion. This allowegbrevious datanotably early growth patternandchanges in

body composition{weight SDS score chandeym the last visit to be used in analysis

of the data from the study visit§he study design also meant ththiat other areas of

both current (notably epigenetics) and potentfature (metabobmic) researchwill

have samples from this cohort visit to analysduture and relate back to the cohort
data. Although this researcis nota feature inthe analysis othis study, it adds to the

strength of the overall data existing about this cohort.
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It ishoped that his research will continue to be addedhy analysis of samples stored
from the cohort and ongoing analysis of existing dateeiQimethis will addto the
knowledge of metabolic outconsen expreterm infants. It is alsanproving
knowledgeof the normative reference data for this cohort of @xeterm infants,

which has not been collected before in a similar group of children.

4.2 Weaknesses and confounding factors

One of the most obvious weaknesses in the study design ishieat tare no contl
subjects It would have been ideal to haved closelymatched, termborn adolescents
undergoing the same procedures to providenarative data. However, there were
constraints of matching and budget to account for: to properly match to the cohort,
we would have had to recruit 2:1 in favour @rm-born adolescentsmeaninghat

with the budget for 60 MRIs initially, we would have only gathered data on 20 of the
unique individuals who make up tloeirrentcohort. To optimise resources, therefore,

it wasdecided that it would be best to omit control.is also true that there is an
inherent bias within the cohort regarding their original recruitment towards those
recruited at more mature birth gestations being of relatively smaller birthweights. This
wastaken into account by using these data as part of the analysis. The cohort,
however, are very representative of an important subset of pretéronn children:
0K24aS ¢gK2 yS2yld2ft23ArAada ¢g2dZ R NBIINR | &
childhood and subsguently fully participant adult life within society would be
expected. Thus, any findings in their cohort which might be linked to early onset adult
illness that could limit their quality of life, adversely influence the societal value of
their ability toengage in work as an adult, and increase their need for-teng

support from the nationalised health service are important. This is especially so, if
these links could be modified in a positive way. While a lack of external controls
prevents comparativstatements about the cohort with respect to those born at term,
knowing that the cohort are representative of a particularly important group of those
born preterm means that the results are still generalizable to others who are born

preterm and have simitaneonatal outcomes.

The children in the cohogpanned the full range gfubertalstages as categorised by
Tanner Stage se#ssessmentlt has been shown in the literature that children who

are obese are more likely to enter puberty egifeberet al., 2010 and once in
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puberty, insulinsensitivitytends to decease(Kurtogluet al., 201Q Sinaiko and Caprio,

2012. However, there is also some datagoggest that puberty may be delayed in

girls born preterm but not in boy@uiet al,, 2012. Selfassessment of Tanner Stage

was used for several pragmatic reasons. Firstly the cohort were familiar with this

method from the stug visit previous to this one, and it is thought to be a reliable

method of assessing pubertal staffeanneret al., 1966a Tanneret al., 19661. It

avoided the embarrassment (in a group of volunteers who were giving up their time to
help us) that a physiciabased assessment would involve. There was also no female

staff member who could have performed these asseents in the research team.

Secondly, this method imposed no restriction on when the subjects could visit. In order

to assess the hormonal status of participants otherwise, it would involve serum testing
which immediately restricts the number of people avhould be assessed. It would

a2 NBldZANBE aLISOATAO O2yaidNIAyda | NRdzyR
menstrual cycle (if they were of sufficient maturity) so that across the cohort, there

was comparability of results in what are othererisormally fluctuating hormonal

levels. This study did not find any association or effect in multivariate modelling

between TanneiStage and IS (measured by either of the study methods). It has to be
considered as a possibility that this reflects type @e(if one considers the null
KelLlRiKSaAra GKIFG WLIz0 S Ndsdd bn the fitérauge peblisted)y 2 S
The source of such an error could be sample size: we had 45 individuals in whom we
were able to calculate % sensitivity by the HOMAmeétand 44 for whom we could
calculate the Matsuda Index. This may not have been enough to avoid error, as the
sample size was calculated based on previous results. It could also be that the methods
used to assess IS are not ones that are consistentlyragcanough for use in the age
group chosen. While the participants were also given instructions to fasted, and none
reported deviating from this request, it is not possible to be absolutely sure of
compliance. However, there are multiple examples of HQdiAg used in children in

the literature, as summarised in my revi€hinnionet al,, 2014, such that it can be
reasonally expected that compared to similar groups it is an acceptable test to have

used.

With regard to overall sample size, a cohort of sigtg relatively small number of

subjects In each of the different aspects of the study there were some who did not
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take part (with the exception of auxological measurements, n=60). There was also
some loss of data through the technical challenges of both acquiring the data and the
quality control measures taken during processing. An example of this was tHRSP
procesing whereby only 38 of the cohort had data that showed no problem with the
collection in the postollection analysis. These factors may also have led to type 2
error being introduced into the dataset. Within the data, the-cifits and inclusion
criteriawere kept strict (for example hours of activity recorded per day) and although
this restricted eventual dataset sizes, it does mean that the data used was robust and
reliable in quality. The presence of type 2 error may be represented in the results by
theLINB&aSy OS 27F ydzYSNRdza WiNByRaQ Ay GKS RI
require a more extensive study with higher numbers of participants to assess this

further.

4.3 Technigue -specific confounding

4.3.1 Mitochondrial Oxidative Capacity

As discussed puously, there wagvidence in the cohort data aiorganic phosphate

splitting secondary to placement of the sampling voxel across two or more functionally
different muscle groups, with different rates of recovery after exercise. In the analysis
thiswast OO02dzy i SR F2NJ I & GKS SELSyasS 2F &l YLX
data showed that not all of the participants were able to fully deplete their PCr stores

and their data was also not useable. While neither of these, from the study power
calculaton, should have adversely affected the results, they do raise the issue that in a
similar age cohort in future, the technique might need modification to improve

reliability especially if the MRS was used as a repeated measure over time.

The_ oyt reshiliswere also subject to postollection correction by théotti methodto
validate within group analyslzased on the mean minimum pH reached within the
group during exercise. This method is based on the observation that adyit darNJ
be influenced by pHlifought potentially to be a mechanism for stimulating
mitochondrial ATP leve(Jayloret al, 1997) whereas in children there is generally
higher oxidative capacifiRatd et al., 2002a Ratelet al,, 2002h). Adolescents lie
between these two groups and given the data, to allow within cohort comparison, it

was felt appropriate to apply the correction. This makes dicechparison with other
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studies difficult in terms of absolute haimes generated, but trends within the data

should be comparable.

4.3.2 Vitamin D measurement

Vitamin D has been discussed earlier in this thesis and the mechanisms by which it acts
are, in the waler picture, not fully understood. Therefore, it is a notable weakness of
this study that serum calcium and phosphate were not measured in those who had
vitamin D measured. We have no good evidence to comment either way about the
calcium or phosphate statuof the cohort, but calcium and phosphate have potential
to interact with muscles and cell receptors alongside vitamin D and are related to
vitamin D by bone metabolism. With hindsight it would have been interesting
information to have in identifying wheer vitamin D alone was key, as we found it in
the study, or whether calcium and phosphate were also having an effect. In terms of
missing data potentially confounding the results, this omission may well be the most
significant. It should be noted, howevtrat vitamin D has been shown in isolation to
have an effect on muscle oxidative function: Sinha and colleagues did not find any
difference in Ca/P@evels between their vitamin D replete and deficient subgroups,

yet found an effect on musclk&inhaet al., 2013.

4.3.3 Measurement of lipid compartmentalisation

As noted in the results, measurement of IHL produced three distinct subgroups when
compared to IS. The majyiof the cohort had very low levels of intrahepatic lipid and
there were only five in the subgroup with IHL>5%. It is likely that this reflects the
population from which this cohort were drawn, but it increases the possibility that the
when the IHL contans <5%, small differences between individuals might have
relatively large effects which are not possible to detect with the MRS measures. It is
also true (as with IS) that the assumption of a fasting state at scan was made. If the
participants had not ben fasting then there is the possibility of confounding within

the data due to temporary lipid deposition in the liver as part of the normal metabolic

processes following a meal.

Similarly, the method of determining visceral/subcutaneous adipose tissodvaty
assessment of fat content of the tissues using 50% MRI signal intensity as the centre

point on an MRbenerated image, around which a dichotomous result (fat tissue vs
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non-fat) was generated using software programmes. While this was effective in
gengating data, it is not necessarily a true reflection of the nature of metabolically

| OGADGS (A&a&adsSY Ay lyée 3IABSy @G2ESt 6KSNB
there may well have been metabolically active fat that was essentially undetected.
While this does not seem to have influenced the results, it is possible that in future
studies a refinement of the technique using more gsegle intervals, might give more

accurate results in this assessment.

4.3.4 Activity Measurement and Dietary Intake

Thestudy used accelerometers to directly measure activity and the SCRAN24
computer software to assess dietary recall. The benefits of using these methods was
outlined in the methods chapter of this thesis but both are subject to bias through
participant use Specifically, interpretation of the accelerometer data is helped by
completion of a written activity diary which is subject to recall bias if not filled in
contemporarily, and the accelerometers we used could not be worn in activity where
they would get wé Thus, where activities such as swimming were done, we had no
way of assessing directly the nature or exact duration of the activity. Similarly the
SCRANZ24 software is a form of 24 hour recall diary and so is also subject to recall bias.
The SCRAN24 dyadata did not show any significant associations with any of the other
variables which may reflect the possibility that the nature of influence that diet has on
metabolism is a more loatgrm than a single 24hour recall can elicit. In future

studies, theefore, it may be necessary to use repeated measures of dietary intake

over a longer time to accurately reflect dietary habits.
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Chapter 5. Discussion

At the start of this study, four null hypotheses were proposed regarding the metabolic
status of this cohort of adescents who were born preterm. The results for the
investigation of each of the three main outcomes (IS, mitochondrial oxidative function
and activity, and intrahepatic lipid levels) have been discuasélde end of each

section in bapter 3.

The studyinvestigations showed that the null hypotheses were not entirely correct,
but did identify some areas where unexpected results were found. The main
associationgound are outlined in table 43n regard to mitochondrial oxidative
function, no association &s found with directly measured physical activity or adiposity
but there was an association with vitamin D and fasting insulin sensitivity seen. A
consistent and persistentassbcii A 2y 2F _ oyt / NJ Ay &1 St Sal f
exercise with gestational age at birth was also demonstrated such that the more
preterm an individual at delivery, the lower their oxidative capacity was as measured
using 31AVIRS in adolescence. The dgudemonstrated that the strongest predictors
for raised IHL were raised serum triglyceride levels and visceral adipose tissue, but did
not find any evidence to link IHL directly to insulin sensitivity in this cohort. When IS
was investigated, it was showihat there were common factors which were strongly
associated with both measures of IS (relating to adiposity and serum triglyceride
levels) but unexpectedly there was also a strong association with serum vitamin D
levels and both measures of IS. For Easured by HOMA modelling, there was a
linear association with change in weight SDS score between term equivalent age and 2
years old which was not seen in analysis with IS measured by Matsuda Index.
Reciprocally, there was an association with light agtievels and IS measured by
Matsuda Index which was not seen when looking at IS by HOMA modelling. The
correlation analysis between auxological and body composition measures showed
good agreement between themselves and also with the directly measured
viseral/subcutaneous lipid measurements. They did not, however, correlate well with
the intrahepatic lipid levels measured by-MRS. Bland Altman analysis showed that
the two skinfoldmeasurement techniques used to generate body composition
measureswerenoDf 23St & Sy2dzaK O2NNBfFGSR 6AGK
allow them to be used as an alternative method in clinical practice.
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Outcome Positive Negative Association| Comments

(dependant Associations

variable)

Intrahepatic Lipid | Visceral Adiposel Tanner stage Where increased

Content (% Tissue influences IHL was present,

measured by H- Deposition multivariate there were

MRS) modelling (increased| increased mekers
TS is associated with| of adiposity (BMI,
reduced IHL) but in | FMI, Wt. SDS,
isolation it is not Waist Circ.) but
directly associated | these were no
with IHL levels. predictive of IHL

deposition

Fasting IS Vitamin D levels| Triglyceride levels

(measured by Ly Tl yid DNE

HOM.A % SDS from term

Sensitivity

equivalent to 2 yrs)
Subcutaneous lipid

BMI SDS, FMI, waist
Circumference,
current weight SDS

Glucose Disposal ¢ Vitamin D levels| Triglyceride levels Protein Intake
measure of IS Light Activity Subcutaneouspid tren.d.s towards a
(measured by positive

Matsuda Index) BMI SDS, FMI, waist| association.
Circumference,

current weight SDS A trend towards

association of

increased visceral
adipose tissue witl
worsening IS was

also seen
Mitochondrial Fasting IS Gestational Age at
Oxidative Function Serum Vitamin O Birth
(measuredby
oyt / NJ g A (
MRS)

Table 45Summary ofissociationsmain outcome variables with other measured

variables.

While these results are interesting as discrete, independent groups, the study has

clearly shown that there are metabolic links between the main outcomes measured.

155



These are common factors which have an association with two, or more, of the

outcomes studied, and may also be predictive when part of multivariate models.

The overall purpose otwdying the cohort since birth has been to try to find out what

the metabolic life course of these children is: where neonatal and early life care rightly
focuses on optimising brain development via growth and nutrition strategies, the focus
shiftsasthe@ S 2f RSN Ly | R2ftSa0Sy0S IyR SI NIeé
survivors, there is a populatidoased argument for identifying those at risk of

developing adult health issues earlier than their term peers, as soon as possible. In
parallel, tryng to identify those factors which, if modifiable, might have a beneficial

effect on these metabolic health outcomes would therefore potentially allow targeted

intervention in this population.

5.1 Common Metabolic Factors

Figure38 shows a model for the comttions between the main metabolic variables
measured in the cohort, as determined by analysis in this study. The only direct link
found between two of the main outcome variables was that between fasting IS and
mitochondrial oxidative function but, as disssed earlier, it is not possible to say
whether this is a real effect (representing a mechanism by which substrate entry into
the myocyte is restricted) or whether it is secondary to an association between
oxidative function and vitamin D. Research onlelwith type 2 diabetes, as well as

no association with the Matsuda Index measurement, has shown that it is very unlikely
that the effect is a primary mitochondrial defect across the colfornet al, 2011¢

Limet al,, 2011h. On the other hand, the evidence across the literature for an
influencing role of vitamin D on mitochondrial oxidative function is increasing

cohort demonstrated the same association between lower vitamin D levels and longer
half times for PCR recovery, thus reduced mitochondrial oxidative capacity, as seen in

other cohorts(Sinhaet al., 2013.

The other variable with a consistently significant association to measured outcomes
was serum triglyceride levels (and to a lesser extent seruCL&1td total cholesterol
levels). Increasing triglyceridevels were strongly associated with reduced IS by both
measures and also strongly associated with increased measured intrahepatic lipid

content and subcutaneous adipose tissue deposition. As discussed earlier, the
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Figure38: Summary model showing the ratabolic interactions found in this study.
Purple: study outcomes; Blue: unmodifiable influences; Green: modifiable influences
which might have a positive effect on metabolic status; Red: potentially modifiable
metabolic influences associated with worset@umes in the study. Arrows show
general direction of effect as demonstrated in the study. Size of arrow is

representative of approximate effect size seen in study.
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decrease in insulin sensitivity with increased triglyceride levels is as would be
expectedand it is intuitive that they might be associated with increased IHL. However,
while triglyceride levels are an independent predictor for raised IHL, the data cannot
definitively answer the question as to whether raised triglyceride levels are the cause
or an effect of raised IHL. However, a fastipgl profile favouring higher triglycerides

is clearly a risk for metabolic problems, and even if it is a marker rather than cause, it
provides an opportunity for monitoring and potentially intervention. linteresting

that the auxological and body composition data show a correlation with visceral and
subcutaneous lipid deposition but not IHL. The data analysis defined a subgroup of
adolescents who had both high IHL and low IS. These data suggest that the
development of raised IHL may pesate reduction in IS and that there may be a
metabolic threshold beyond which clinically significant IHL begins to accumulate.
However, while the mechanism for this may not be clear, it has been shown in other
populations hat calorie restriction and resistance exercise can reduce IHL and
pancreatic lipidKleberet al., 201Q Hallsworthet al., 201% Limet al, 20113 and

improve IS.

From the data collected it is also clear that other measures of adiposity (FMI, BMI,
Weight SDS) increasing are negatively associated withdi8itamin D levels. The
multivariate modelling would suggest that these changes in body composition and
auxology are markers rather than independent predictors for IS. At the same time
there was a clear positive association between Vitamin D levels anddSured by
both methods used in the studif.future research elucidatesdirect cellular
mechanism of action for vitamin D on insulin secretiohumans itmay offer an
explanation for theobserved associatiom this studyof reduced adipositpassociéed

with improved IS.

The evidence from the cohort does not necessarily support universal supplementation
with vitamin D as this is only an observational study, not one looking at change after
intervention. However, it would be reasonable to suggestt given its wideranging
associations in this study, and the association with a negative trend through the winter
months, optimisation of vitamin D levels where there was clinical deficiency would be

advisable to help optimise metabolic status.
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The final cormon factor of note is activity. In the study, we were able to measure this
directly using accelerometry. The results showed that there was a trend towards
association between sedentary activity and both auxological measures and vitamin D
levels (with moresedentary time being associated with worse indices in both).
Correspondingly, there was a positive association between light activity and both IS
(Matsuda Index) and vitamin D levels. There was no association between any of the
exercise variables and ting# year to explain this association. It is possible that the
association between light activity and vitamin D was mediated through increased
activity time outside leading to increased endogenous vitamin D production (though
we did not measure this) or it ight have been related to subtle changes in body
composition improved by activity which then influence circulating vitamin D levels.
Similarly, the association between light activity and improved glucose disposal might
be direct effects (for example aerabconditioning improving overall metabolic
flexibility) or via its association with vitamin D levels, improving IS by mechanisms
discussed earlier. In either case it is only the light form of activity that has as positive
effect. This has also been seerammal modelgAmaralet al., 2015, older humans
(Loprinziet al,, 2014 and individuals at high risk of metabolic syndro(hier4g et al.,
2014). In a group of adolescents it might be more possible to achieve changes in
activity from sedentary to light activity more easily, and habitually, than it would
introducing a programme of activity aimed at increasing MVPA. This theroherstial

for best gains in health at least perceived disruption of lifestyle.

5.2 Non-modifiable factors

The model shown in figurg8 suggessthat there are two important normodifiable

factors with respect to the cohort. The first is gestational age ahbirhis is

unmodifiable by virtue of the fact that the causes for preterm delivery are legion and
while obstetricians try to avoid it if possible, there will always be a clinical tension
between safely delivering a baby early, to a live mother, and rigkthgr maternal or
infant death, or both by trying to prolong gestation. The second, and very applicable to
this cohort, is puberty. During the transition to adulthood, humans will go through
puberty and we have made attempts to adjust our data set taaant for this. Our

results showed that it appears to have an effect when considering IHL content such

that as the cohort progressed through puberty, the IHL content decreased. As there
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are other modifiable factors that also affect this IHL, there isagiglortunity to
intervene to modify outcome where it is thought an adolescent may be at risk, and the

general trend is that progressing to a later pubertal status is beneficial.

2 A0K NBaLlSOl G2 GKS OdzNNByid O2K2NIsZ Ay Tl
from term equivalent to 2 years old) is effectively unmodifiable and, as discussed, the
nutritional strategies relevant to infants before and in this period are those to protect

and promote neurodevelopment. As we have shown, the magnitude of persisianc

an effect into adolescence is reduced by other modifiable variables through childhood

and adolescence. However, its detectable presence at all suggests that those tailoring
neonatal nutrition, for similar cohorts in the future, should perhaps do b wme eye

on later metabolic health. Where excessive growth can be limited in this period,

without compromising neurodevelopment, this has potential for the best adult health

outcomes.

5.2.1 Consideration of the study results within the Developmental Origins

Hypothesis.

As discussed previously, the Developmental Origins of Health and Disease Theory
(DOHaD) suggests that by interruption of normal development, or exposure of those
normal processes to environment during critical windows, things can be changed
(perhaps by mechanisms such as epigenetic modification of the genome) which have
profound effects in later life. Those born preterm are at a higher risk of metabolic
compromise in their life cours@arkinsoret al, 2013 and this study raises two

possible situabns where this process may reflect the DOHaD theory. Firstly, the
strong and persistent finding that gestational age is related to mitochondrial oxidative
function (perhaps by a developmental arrest or restriction in skeletal muscle
differentiation, as dicussed earlier). Secondly, the association of early growth, though
weakened by later influences, could be an example of metabolic programming. The
other factors associated with outcome in the cohort would not, at face value, appear
to be directly relatedo early life events. However, programming is such that it could
be exerting effects via situatiespecific intermediaries such as vitamin D. This is only

speculation as there were no control subjects in the study.
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5.3 Potential Interventions to improve metab olic health in the cohort.

As outlined in this chapter, the results show associations which could be viewed as

potential targets for intervention to improve metabolic health.
These would be:

1. Optimisation of vitamin D statug§ his would potentially helpith both IS and
mitochondrial oxidative function, though within the study results, it would not
be possible to recommend universal supplementation beyond correction of
clinical deficiency, if detected. It should be noted that where clinical vitamin D
defidency was found in individuals in the study, a letter was sent to them and
their GP recommending supplementation be provided, if the participant
wanted it. This was done based purely on serum level and with no knowledge
2F GKS LI NI A OA ISlonokidative fangtibkiN&dtd 2 Yy RA Yy 3 L

2. Encouragement of light activity with associated calorie restricWhile the
study data showed that there might be benefits from engaging in regular,
prolonged, increased light activity periods (for both IS and vitanevels) we
had no direct evidence of any association with calorie intake 9measured over a
24 hour period), either benefit or harm, and any of the measured outcomes. It
could be argued that calorie restriction cannot therefore be recommended, but
there arelimits on the dietary data collected (see chap#@rand good evidence
to suggest that reducing calorie intake can reduce(lthet al,, 20113. It is
also the ase that triglyceride levels will be related to longer term dietary
habits, and with other substance such as fructose being linked to adverse
metabolic outcomegBremeret al., 2012 Lustig, 201} inclusion of dietary
change alongside activity recommendations is unavoidable. Conversely,
sedentary period should be discouraged. Section 3.5 outlines the type of
interventions the cohort might engage with, and swimming (which could be

tailored fit the light activity mould) was most favoured.

5.4 Future Research

Based on the findings of the current study cohort and the longitudinal data that exists

in the cohort, there aréwo directions that should be considered for future research.

Firstly, if possible, the cohort should be followed up in etwhnid adulthood in order
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to try to assess whaictualadult health outcomes have occurred and then related
these back to the logitudinal data that exists. Secondly, consideration should be given
to repeating the research as done in the current cohort, with a bigger (possibly)

multicentre cohort with the current generation of neonates.

In the time since the original research statteith recruitment and enrolment of the
NPTBGS cohort, neonatology has progressed in keeping extremely preterm babies alive
and is continually trying to improve their neurological outcorf@®odet al., 200Q
Costeloeet al., 2012 Moore et al,, 2012. Alongside these increased survival rates,

more information egarding the fact that moderatto-late preterm infants are not the

same as their term born peers is emerg{@ganthet al., 2013 Scheucheneggest al.,,

2014 Walshet al.,, 2014 Kellyet al., 2015. In both groups, an understanding of how
interventionand lifecourse affects metabolic outcome will be essential in ensuring

G2RIF@a LINBGSNY AyTFlryda 0S02YS (2Y2NNRsQA
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Newcastle Hospitals NHS Foundation Trust headed paper V2

Dr ND Embleton, Consultant Neonatal Paediatrician
Ward 35 Special Care Babies, RVI
Tel 0191 282 5156

CHILDREN'S INFORMATION SHEET
1. Study title

Growth and metabolic outcome in children born
preterm (GROW-MORE study)

2.  Invitation paragraph

You are being invited o take part in a research study. This leaflet tells you about
the study. Ask your parents to explain it to you if you want. You can email us,
speak to us on the telephone or ask us more questions if you come to the hospital
to take part.

3.  What is the purpose of the study?

We know that most children like you who were born premature seem to grow like
their friends, although some grow more slowly. We want to see how your growth
and feeding when you were a baby affects how big you are now. We would like to
take some blood (about two teaspoons) and do a scan that looks at your fummy,
liver and leg (MRI scan). We would like to know what you eat and how much
exercise you do. We alsc want fo understand more about how the body
‘remembers’ the way that you grew when you were smaller.

4.  Why have I been chosen?

You have been chosen to take part because you were part of a growth study at
the RVI when you were first born. In total we will be inviting about 150 children
like you te take part in this study.

5. Do I have to take part?

It is up To you fo decide if you want to take part. If you do decide to take part
you will be asked to sign a form. Even then, you can still withdraw at any time,
without giving a reason.

6.  What will taking part involve?

This will involve visiting the hospital with your mum or dad for about 3 to 4 hours.
The study involves:

GROWMORE Children PIS and consent formv2 January 2011.doc 1

Newecastle Hospitals NHS Foundation Trust headed paper V2

A. Measuring height, weight, skin-felds, head, tummy size and blood pressure.
None of these hurt.

B. Measuring how much muscle and fat your body is made up of with a
BODPOD. This uses air to measure these, and it does not hurt and is
completely safe. There is a picture at the end of this leaflet that shows you
what it looks like.

C. A single MRI scan (Magnetic Resonance Image) to look at your tummy, liver
and leg that takes about one hour. There is a picture at the end of this
leaflet that shows you what it looks like. It does not hurt and is completely
safe.

D. 2 small blood samples. We will put some 'magic cream’ on your arm before we
take the samples so it does not hurt. The doctor who takes it is a very
experienced children’s doctor.

E. A sample of saliva (spit) to look at DNA

F. Answering some questions about diet using a laptop computer that takes
about 20 mihutes, and a written questionnaire giving us your opinion about
what things children might like te do o improve their health.

6. Wearing a small device on your waist belt called an activity monitor
(Actigraph) for a few days. We will give you a print out of the results for
you to keep if you want.

7. Are there any risks?

We don't think that there are any risks to you in taking part in cur study, but we
would like to tell you a bit more about the study,

Blood tests: You do not need to have a blood test if you don't want to. When we
do the first blood test, we will make sure that the magic cream has numbed your
skin so that it doesn't hurt. We leave a small cannula (small plastic tube) after
taking the blood so we can take the second sample, without using another needle.

We would like you not to have eaten any food for a few hours when we do the
blood sample (this is called 'fasting’). You may feel hungry, but your body is can
manage a few extra hours without food. At the end of the study, we will give you
a shack and drink before you go home. We will keep some of your blood and saliva
in a freezer so we can do tests at a later stage.

Measurements: To see how much muscle and fat your body is made of, we use
tapes and callipers (see the picture below). The researcher gently squeezes some
skin and uses the callipers to measure the thickness of the skin. It might feel
funny but it doesn't hurt.

GROWMORE Children PIS and consent formv2 January 2011.do¢ 2
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We use the BodPod machine (see the picture below). When the door is shut small
changes in air movement help us calculate how much fat and muscle you have.

The MRI scanner. You do not need to have this scan if you don't want to. If you
do, we will need you to in the MRI scanner while it takes pictures of your
tummy and liver, then your leg. The scanner uses a magnet to take the pictures.
Before you are scanned, you will be asked some questions to make sure it is safe
for you (we need to check you do not have any metal in your body). You will lie
down in the scanner. It can be quite noisy. If you want, you can bring a CD of
music to listen to using our special headphones while you're being scanned.

When you are inside the BodPod and MRI scanner, you may feel a sensation of
being stuck in quite a small space. This is normal; most children are not
frightened by this sensation and relax and quickly get used to it. If you (or your
parents) think that you won't feel comfortable in the scanner, we can discuss
whether or not it would be appropriate for you to have a scan. You do not need to
do anything you do not want to do. Most children do not have any problems, but if
you are having a scan and want to stop that is fine. Your parents can stay in the
room next to you so they are close by and can see you. For most children, the
hardest thing is lying still for long enough fo get good pictures!!

GROWMORE Children PIS and consent formv2 January 2011.doc
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Occasionally we might find something that we were not expecting to find during
the study (because the scanner takes pictures of your insides and we will be
measuring things in your blood). If this happens, we talk to you and your
parents about it. The chance of this happening is very small indeed.

The whole study process will take a morning or afternoon. There are lots of
things to do in that time and you might feel tired afterwards. As there is a lot to
do, you might feel a bit nervous about things before deciding whether to join in
the study. We have chosen to do the study this way to make sure that we do not
inconvenience you and your family more than necessary. If you have any questions
or worries about how long the tests will take or about any of the tests
themselves, you can contact us (details at the end of this sheet) We chat to
you about it again before we start, if you decide to take part in the study. If you
don't want to do the scans and blood fests on the same day we can talk to you
about that,

8.  What are the possible benefits of taking part?

The information we get from this study may help in the care of premature babies
in the future.

9.  Will anyone else know if I take part?

Your &P will be notified if you want. All information that is collected about you
will be kept strictly confidential and private.

10.  What will happen to the information we get?

We will look at the results of all children who take part and tfell other doctors
what we have found in case it is helpful to them. We will do this at meetings or in
medical journals (medical magazines). We will not tell anyone the names of the
children who took part.

11.  Contacts for further information

If you want to find out more you can ask your parents, or speak to us on the
telephone or by email. We would like you to ask your parent's permission before
you try and contact us.

GROWMORE Children PIS and consent formv2 January 2011.doc 4
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1. br Nicholas Embleton
Consultant Neonhatal Paediatrician
Special Care Babies

Royal Victoria Infirmary

Tel: 0191 282 5156

Email: n.d.embleton@nclac.uk

2. Dr Robert Tinnion

Trust Doctor in Neonatal Paediatrics
Special Care Baby Unit

Royal Victoria Infirmary

Tel 0191 282 5737

Email: robert.tinnion@nuth.nhs.uk

Thank you for your time.

GROWMORE Children PIS and consent formv2 January 2011.doc
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Patient Identification Number:
CHILDREN’S CONSENT FORM

Growth and metabolic outcome in children born
preterm (GROW-MORE study)

Name of doctor in charge:  Dr. Nicholas Embleton

+ T have read about the study and asked any questions I want to

* T am happy to take part in the study

» T know I do not need to have a bloed test if I do not want to

s T know I do not need to have an MRI scan or BodPod test if I do not want

to (or the study will be stopped if T change my mind during one of the
tests)

» T know that if anything unusual is found during the study the doctors will

talk to me and my parents and arrange for me fo see my own doctor if
needed

My Name Date My Parent’s Name

My Signature

Researcher Date Signature

GROWMORE Children PIS and consent formv2 January 201 1.doc
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6.3 Parent Information Sheet

Newceastle Hospitals NHS Foundation Trust headed paper V2

Dr ND Embleton, Consultant Neonatal Paediatrician
Ward 35 Special Care Babies, RVI
Tel 0191 282 5156

PARENT’S INFORMATION SHEET
1. Study title

Growth and metabolic outcome in children born preterm
(GROW-MORE study)

2. Invitation paragraph

You and your child are being invited to take part in a research study. Before you decide it is
important for you to understand why the research is being done and what it will involve, Please
take time to read the following information carcfully. Ask us if there is anything that is not
clear or if you would like more information, by calling the contact number given at the end of’
this sheel. Take time to decide whether or not you wish to take part.

3. ‘What is the purpose of the study?

Most children who were born premature seem to grow much like other children, although some
grow more slowly. We are interested to see how their early growth and feeding whilst still on
the Speeial Care Baby Unit (SCBU), and over the first few years of life, affects how they grow
in later childhood. We want to look at aspects of their body chemistry (for example,
sugar/glucose levels in the blood), how much fat they have in their tummy (abdomen) or liver,
what sort of diet they have, and how much exercise they do. We also want lo understand more
about how the body ‘remembers” nutritional experiences in our early life.

4, Why have 1 been chosen?

You have been chosen to take part in this rescarch because your child was part of the growth
study at the RVL. We performed an assessment of your child’s development when she or he
was 18 months old and we saw most of the children again sometime over the last few years. In
total we will be inviting about 150 children and their families to take part in this study.

5. Do I have to take part?

It is up to you to decide whether or not to take part. If you do decide to take part you will be
asked to sign a consent form. Even then, you can still v
reason. Any data already collected about you and your child would then be left out of the
study.
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6. What will taking part involve?

This will involve visiting the hospital with your child for about 3 hours. The study involves:
A. Measuring height, weight, skin-folds, head, abdominal size and blood pressure.

B. Measuring body composition with ‘BODPOD®@’, which uses air pressure changes (not
detectable by the person undergoing the test) to measure fat/musele levels in the body as
a whole.

C. A single MRI scan (Magnctic Resonance Tmage) to look at the abdomen, liver and
muscles that takes about 1 hour to complete.

D. 2 small blood samples (o study various markers of body metabolism (e.g. glucose and
lipid levels) and liver function, and to look at differences in which genes are switched on
or off.

E. A sample of saliva to extract DNA, also to look at which gencs are switched on or off

F. Answering some questions about diet using a laptop computer that takes about 20
minutes

mall device on the wa

. Wearing
days

called an activity monitor (Actigraph) for a few

H. Answering a short paper questionnaire about changes in lifestyle that might make
children’s lives more healthy

7. What are the possible disadvantages and risks of taking part?

We do not think there are any risks to taking part. The blood test will be done by an
experienced paediatrician (Dr Rob Tinnion). We will be measuring blood sugar levels with
your child fasting (not having anything to eat or drink besides water since the night before) and
then again following a sugar (glucose) drink (this is the oral glucose tolerance test). This will
only be done with the full consent from you and your child, Children sometimes feel hungry
whilst fasting, but their blood sugar levels are unlikely to go too low or too high unless they
have some pre-existing blood-sugar disorder such as diabetes. 1 your child has a medical
condition which relates 1o their blood sugar control, we would need to discuss with you
whether it would be appropriate to do the fasting glucose tolerance test. We will make the
blood tests as painless as possible by using anacsthetic cream or spray. We nscrt a cannula
(small pl tube) to take the two blood samples so it will feel like having one blood test
rather than two. If children do not want a blood test we would still like to see them to measur
growth and do the scan if they are happy.

e

The study also aims to look at differences in how genes work because of differences in growth
or nutrition in carly life. This will not involve looking at genc mutations. All laboratory work
will be conducted on coded samples to keep the identity of study participants confidential.
Genetic information will be stored securely and will not be available to anyone other than the
study leam. We are wailing [or further [unding Lo do these tests so we will store the samples in
a freezer if you consent.

The body composition measurements involve use of measuring tapes and skin-fold callipers,
which do not cause any pain when used.

T'he BodPod®© is an enclosed capsule (see Children’s information sheet for picture) which uses
small changes in air pressure to measure body composition. The children will have to wear
ightweight clothing to allow this to work. They will not be able to detect the changes in air
pressure once inside the BodPod.
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The risks of an MRI scan are very slight and are mainly due to the fact that the scanner uses a
powerful magnet to produce the images. If a child has had any medical procedures that
required metal items to be left inside them, such as surgical pins or plates, or if they have had
any injuries that may have resulted in metal objects being left inside them we would not
include them in the study. The scanner looks like a narrow bed with a cylinder at one end (see
Children’s information sheet for a photograph of our scanner) and is quite noisy. People who
do not like enclosed spaces may not like it (claustrophobia). We will check both of these things
with you and your child before taking part. If your child felt uncomfortable during cither the
BodPod test or the MRI scan the investigation would be stopped.

Incidental findings: There is a very small chance even in healthy people that we may detect
something abnormal. This is called an incidental finding and could be harmless. If we do detect
an incidental finding in any of our scans or tests we will discuss this with you and pass the
information on to your GP if appropriate. It needed a consultant paediatrician would see you
but we do not think this is likely to happen.

Sudden illness: If any child were to feel unwell during the visit, the doctor organising the tests
will always be there (a paediatrician) and able to provide the necessary care. We do not think
this is likely, although some teenagers feel a little faint when having blood taken.

We will cover travel and parking costs and provide your child with a snack and a drink during
the visit. We will discuss with you the sort of times or days that best suit work and school
commitments, We will provide the children with print-outs of their results and scans for them
(o keep.

The whole study visit is likely to take 3 to 4 hours for a child participating in all of the tests.
We appreciate that this is a long time for some children, but it means that we are able to collect
all the data in one visit, rather than inconvenience families for multiple visits. If you or your
child only want to do bits of it that is fine, or come back at another time. We expect you to stay
with your child during the visit. We want to tell you everything that we are doing so we are
happy to be contacted by you if you have any questions or anxieties about the study. We will
also make sure you are happy before commencing the study, and ask you to sign a consent
form to record this. Even if you sign the form, you can still stop any of the tests at any stage.

8. ‘What are the possible benefits of taking part?

The information we get from this study will help us understand how better to feed premature
babies when they are first born, and the long term growth of these children. There are no other
similar studies like this taking part worldwide so we believe the information we will obtain is
unique.

9. Will my taking part in this study be kept confidential?

Your GP will be notified of your participation in this study should you decide to take part and
if you se wish. All information that is collected about you, or your child, during the course of
the research will be kept strictly confidential.

10. ‘What will happen to the results of the research study?

Following completion of the research, it is expected that the results will be published in a
medical journal. You or your child will not be identified in any publication. A copy of the
published results can be made available to you if you request, by marking the box on the
consent form. We will keep the data from the study on a computer but we will anonymise it so
that no one else can work out who the child

If we do find that your child has any problems that you did not already know about we will
discuss these with you. We not pass the results to your child’s GP or anyone else without
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your permission but if you want we can provide a report as appropriate, and arrange any further
appointments if needed.

11.  What should I tell my child?

It is up to you to decide what to say to your child, but they will need to know that this is a
rescarch study that will involve them undergoing some tests. It is also important they know that
they do not have to take part if they don’t want to. Most of the children will be 11-16 years of
age and will be able to read this information leaflet. They can make the choice once all the
information is given. You can either show them this sheet or you can give them the attached
version designed for children. We do not need to do blood tests or scans on every child who
takes part and can discuss which bits of the study (if any) you or your child do not want. We
would like to see you even if we only collect information about their growth for example. We
can explain things in more detail by telephone, email and when we see you at the hospital.

12. Contacts for further information

1. Dr Nicholas Embleton BS¢ MBBS MD FRCPCH
Consultant Neonatal Paediatrician

Special Care Babies

Royal Victoria Infirmary

Tel: 0191 282 5156

Email: n.d.embletonf@ncl.ac.uk

2. Dr Robert Tinnion BMedSci MBBS MRCPCH
Trust Doctor in Neonatal Pacdiatrics

Special Care Baby Unit

Royal Victoria Infirmary

Tel 0191 282 5737

Email: robert.tinnion@nuth.nhs.uk

Please feel free to contact us by email if you or your child would like to.
13. Who has reviewed the study?

The study has been reviewed by a Research Fthics Committee who have given their approval
for the study. The study is sponsored by Newcastle Hospitals NHS Foundation Trust.

Thank you for your time.
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6.4 Parent Consent Form
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Patient Name and Identification Number:

CONSENT FORM

Growth and metabolic outcome in children born
preterm (6ROW-MORE study)

Names of responsible researcher: Dr. Nicholas Embleton
Please initial box
1. | confirm that | read and have understood the information sheet
(version 2, January 2011) for the GROW-MORE study and have

had an opportunity to ask questions.

2. | understand that participation is voluntary and that | am free to
withdraw at any time, without giving a reason.

3. I understand that sections of my child’s [(name) .....................]
medical notes may be locked at by responsible individuals
involved in the research and give permission for this.

4. | agree to take part and alsc give permission for my child to take
part, and for the results to be recorded on a computer.

6. I would like to know how to get a copy of any published results
from this study.

7. | am happy to be contacted about future studies like this.

8. | understand that my child may provide a blood or saliva sample
that will be stored and used for the analysis of gene expression.

9. | agree to my GP being informed of any incidental findings (from
my child's MRI scans or blood tests) after discussion with me, in
the very rare event that this occurs.

NN

Name Date Relationship to child
signatre
mmmm m_.o:mq ................. Dm,m .............
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6.5 Young Adult Consent Form

Vi

Patient Name and Identification Number:

CONSENT FORM

Growth and metabolic outcome in children born
preterm (GROW-MORE study)

Names of responsible researcher: Dr. Nicholas Embleton
Please initial box
1. | confirm that | read and have understood the information sheet
(version 1 August 2012) for the GROW-MORE study and have

had an opportunity to ask questions.

2. | understand that participation is veluntary and that | am free to
withdraw at any time, without giving a reason.

3. I understand that sections of my medical notes may be looked
at by responsible individuals involved in the research and give
permission for this.

4. | agree to take part and for the results to be recorded on a
computer.

5. 1 would like to know how to get a copy of any published results
from this study.

6. | am happy to be contacted about future studies like this.

L0 O

7. | understand that my blood or saliva sample will be stored
and used for the analysis of gene expression.

8. | agree to my GP being informed of any incidental findings
after discussion with me, in the very rare event that this occurs.

N

w._m:m:.:m

Researcher Date
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6.6 Lifestyle (Future interventions) Questionnaire
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Child’s name:

CHILDREN’S ASSESSMENT OF LIFESTYLE INTERVENTIONS

Growth and metabolic outcome in children born preterm
(6ROW-MORE study)

We would like to know what you think about potential ways we might make children’s lifestyles
healthier, and form good habits to make them more healthy in adult life. This will help us decide
and plan studies in the future that might improve children’s health status.

Please make a mark cn the scales below to indicate what you think about these suggestions —
where 1 is a bad idea and 10 is a really good idea:

+ Not a good idea + A very good idea
+ Most children wouldn't do this < = | think most children would like it
« 1 don't think it would work = | think it would make children healthier
| I 23 A ST L8910

Please Rate the [ollowing suggestions:

1) One to one sessions with a dietician (to learn how to balance healthy foods and tasty treats)

2) A Wii fit device & exercise programme which is reviewed with a trainer each month

L2 3 ed ST B 910
3) Lessons for the whole famify in cooking healthy meals

2o 3 d S b T B 9. 10
4) Free access a local swimming pool in the evenings or at weekends

| ST 2.3 A St T B 910

5) Weekend activity and lifestyle camps for children

1. 6.. ¢ .10

6) Activity and lifestyle camps during school holidays

| 23 A ST B9 10

v1 October 30th 2010.doc
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