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WD 2004/ 068968 PCT/ GB2004/ 000518 Baby Feedi ng Fornmul a
and System The present invention relates to a nutrient

w@anw4nesdes f eedi ng system for feedi ng babies, PCT/GB2004/000518

particularly in the first weeks of life. 5 For the
production of baby foods, in particular m |k baby
foods or infant mlk fornulas, respectively, inter
alia cows mlk or conponents fromcows mlk are
used. These i ncl Bdey Ferdimdmpiué aovEystem | k prot ei ns
(casei ns and whey proteins). 10 There are nmany
di fferences between cow s mlk and human mlk. In the
B Ty B K B 0 S TRAE e DAl babics,
panticslariy ik thedrstsvdels blifei ghl y nodi fi ed. Such fornul a
foods are "artificially" produced, in an attenpt to
imtate maternal mlk as "exactly" as possible and

I i gl : riinon it eriqal s, ; .
FhEdhe pERRLARN, T B 2ol AbiGhu A, bR, Bod@ g infont milk
anhodsy eispéctisely linger fadis et ngillowt dongmmetiis fiom tdve's idilksdre used.
weeks after birth and current public health advice
aheseppelads ks csappla Py squiPppiotans (§asepiscing tThsH PeIteinpx ant
growmh in humans so the infant fornula for feeding
babies in the first weeks of |ife have been devised to
2theed eRUNnAGL diffReendéOVétve@f cOAPinEB: ankhBurddi hiilky It the process of
accel erate growt h under favourable conditions, in )
oradefactusing ompesrs agammensial 4nfsat ifonudds, nvkieh tarordgo described as

eficit, js a strate C t o _many..devel gpi.n

91'55.\%? g?]%cisa.ﬁawi Ssml%%eg%g% ?@%Phl _rliqu)%flglgg'l SudPEMhula foods are
rSiERIal it Alddaeedofn AR Y LBARE nafdrad nsillead exd@ly" as possible
children. However in healthy newborn infants, we have
fuodi retiarf rfoym canimalt entl/ess plavatstdrting nazietials, thessabieingr in particular

"over trition" can have |long term adverse heal th
QFF%%?ggﬁﬁnaﬁﬂgwgﬁiﬂﬁhrticularly with regard to | ong
termvascul ar health relevant to the devel opnent of 30

at herosclerosis and to the later propensity to insulin
Thsi festasicgrowtid ogoms imshd first WReRO@fE068968ud current public health

ggg{ggaﬁgg 5)34/ 18(9 g%g%h% ngaggtg gﬂ% E%oﬁgtfoglet 1?3@&19' Igro 1'in humans so
WO tehinkil19 Borh@EdiRE BHbisY f0 8RB Weell@faifd hReNBEdnCddised to

effect, as evidenced by a lower nutrient intake
pnogragerthegrovalvef babassul i n resi stance later in life.

The ability to accelerate growth under favourable conditions, in order to compensate
for a period of nutritional deficit, is a strategy common to many developing
organisms and is the basis of nutritional rehabilitation of undernourished infants and

children.

However in healthy newborn infants, we have found from our studies that fast early
growth or “over nutrition” can have long term adverse health effects in humans,
particularly with regard to long term vascular health relevant to the development of

atherosclerosis and to the later propensity to insulin resistance and non-insulin



5 W have also found that fornula fed babies have a
greater weight gain in the first two weeks of life

w0 ban/obsIehst fed babies and it could be that tPET/GB2004/000518
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suggested | ong-term beneficial effects of

breast -feedi ng on cardi ovascul ar health could be a
consequence of the | ower nut r2i ent i ntake of

breast-fed babies during this critical early w ndow.

Because nost of the acceleration in gromh is

co O _termbenefi .
or SEpHEH, Rrfel ORI, HEn b 800, 37 s GRGHEAEL ' OF retative
Vasiaddraditrifiea hhibéhaugtdstedlty hiee OBEH#ficial etfltSasREidesbd by a lower
The mai n conponents i n infant feeding fornulas which

af hewient éake pregranmgrolapier Byelin rosistaneolaggrin §6nt ent  of

the fornmula and the energy content of the fornula and

we have 15 now devised a forrmula for feeding babies

WO hPfeQld AR Sn@ tHa@ PR MuliUed bebiks hilleak@edthaReight RRODEHe first two
and existing infant-feeding fornulas. According to the

i nvenks of lifhéhan brsagiriod ibdbigs andiihtawlt Yeethdt Hhy fugeau¢dalong-term

i Bt Bl Pt o RTRRE2RTh g Sbequence
Thesend ¥R e iRkRE Bf BRASCRENBYiARIAE ! 1BW MRk %ﬁ‘ﬁy window.

been proposed for infant feeding fornmulae and suc
c olsomist inmst ofthe apeslehticanid grewihsgs sempletesli iy mhaths phege the long-

e S o O O B i g Bty are
balpyelk908tcags Midhdihdt 0 the invention, normal

proterns, mhlchlare al ready at present used for the
production of fornula foods can be used as raw

materi al.s and thus, as_pratejns, for the baby fqods.

Ac ngﬁl% PRIPPRIL i BRY Greding forrgplay WVZ‘HE’I %f¥qeh&mate of growth are
pr :

O PhERDSTPUSAER U YOS (e RER i of e fpul nd we v
whinolv deaizedbSornnda fordseiiig W¥¥Dic300MLRD pRAGER:s a lower nutrient intake than
PCT/ GB2004/000518 . - 3 in the formof their salts,

hy @FGRtbndrsdastingdpfant-egding Eorgudas.  Thus, bovi ne

caseins, whey proteins and individual proteins

t hereof (al pha-casein, B-casein, kappa-casein,

al plhaelddagt ad beninvenBoh agb@gisobtivided seridfanalbetihd) formula which
| actof errin, inmunogl obulins) and conbinations of

t héwppsestler #s 1 Qredams B YOG @t @xoteinand 2HerSOgsleealpries per 100ml

for npl e, soya proteins, can be used. O her
pr gfg?eﬁégof animal or plant origin, which are
suitable for human nutrition, can al so be used.

These levels of protein and energy are below what has been proposed for infant
feeding formulae and such compositions are novel and it is surprising that they can

result in better long term health for infants.

In the formula food (i.e. infant feeding formula or baby food) according to the
invention, normal proteins, which are already at present used for the production of
formula foods can be used as raw materials and thus as proteins for the baby foods.
According to the invention, all previously known protein sources, for example

proteins, oligopeptides, dipeptides and/or free amino acids, which can also be present



The total energy can be provided in the formof fats,
carbohydrates and proteins of the types which have

whewn/oeserl and approved in existing formnmul as. BOI/GB2004/000518
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conposition of the present invention is fed to the

babies as a liquid in water in accordance wth

exi sting nmethods of feeding_bgbiLes and the present

invention also provides a powder conposition, which
conprises 0.5 to 1.0 grans of protein per 100 nl of

fo : i1l. Kol : :

f oS efi2alts 180t AR, Ao e BEJoR, Moy Boyine ceseins,
f eqaliep grdteinbahd eslividte froteins! therest (ayyiiacambdiy, B-easefry kappa-casein,
babies in the first two weeks of |ife, Put may be used

up alpba-dagtalumign thiactoglobuliar sEwm; AbWRIL hag9&my, sRynoglobulins)
accel eration | 0 e . 20 ve: : [ :

o LR b s AR, pRying ot oNE R 0 R Bfins, for
t 0 ekdthSle 20pE protéihs,tdag benietOer progiies dfSanpmavordsiantarigin, which
container having a plurality of conpartnents

c onteasuitillg for hvptaninsiitidng eanalée Phusgli ch each

conpartnent contains sufficient nutrient fornmula for

a baby's daily intake matched to the average 25

VolTyaT. e en@fg?%iﬁ bBipkd</i AN Y F fad@)éarﬂoﬁ%@@féb and proteins of the
conpartnent the weight of the fornula can be that

whitygles inhiohdgue beah Ysed andapproesd iy ekistag fmpudasi s wi | |
preferably contain from 10 to 1200m s /day and nore
preferably contain 10 to 650 ms. The fornula used

W e Q@m%tﬂﬁti@ﬁ NGRS Sheddnt aRen BORE4OERIGDies as a liquid in water in
PCT/ GB2004/ 000518 4 fornula or preferably the low
nutedoadance ovithuexistihesoetblodsl of iksdingpbadissdindgih . Besept mvention also
grans.protein per 100m and .25 to.50.kilaocalorie r.

oar S el Fymprniin A i 5ogrs pmisARgein per 100
I eqwli JrepRAta B8E 19 th B0 XIS cASHRF MO0 tm] ofFothiladdnymade up to the
requi renent can be spread over nore than one

compantmended inad for etdinald Yabiest he cont ai ner i s marked
appropriately; for exanple the daily requirenent can

be divided into eight one eighth aliquots; six one

S| pi i ; W e use
Chi vg e SPish Ay fod b 8L DL aRL RERs SRRy be used
i f ubhe apabynonthspthe pbed inhehich irmstisiowtaadteeoatiparis oenpleted.

can hold one sixth of the daily nutritional 10

requi renent. The fornula is typically fed to babies in

th LSt : hej I (& r i 1 hey

can pEAF s BVR e Lo MBI o MR "

to two nonths' supply or

According to this aspect of the invention there is provided a container having a
plurality of compartments containing a nutrient formula in which each compartment
contains sufficient nutrient formula for a baby’s daily intake matched to the average

volume of breast milk consumed per day.

In each compartment the weight of the formula can be that which is required for the
daily feed and this will preferably contain from 10 to 1200mls /day and more

preferably contain 10 to 650 mls. The formula used will be the standard infant



contain sufficient conpartnents so that each contai ner
hol ds two nonths' supply. 15 Alternatively there can

wheooaes96t han one contai ner with each cont ai nePCT/GB2004/000518
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containing a set nunber of conpartnents correspondi ng
to a period less than two nonths e.g. fourteen
conpartnents for containers_cgntaining two weeks'
supply. 20 The contai ner can be of any conveni ent
shape and can conprise, for exanple a sheet of

ol ORI By bl Bkt BB BOERA, 05 10 Lo
lA!E@mqirwﬁipertlb@npmmmesm kilpoalbeespdrilo0mt. box or the
|

e containing sachets of the 25 formula which form
the conpartnents. In use, the contents of each

S\g%ﬁgﬁa}qﬁf? t1ns‘t:eaaﬁ gﬁl'éefe vev%)l%: %)f Eﬂedﬁﬁﬁﬂsaﬁéﬁ%n é)lef(r)]%q% gg!a :gcr)]rélpartment,

accor exl s

babicamily YédudRhP&RHe&plad b(E2804/ BA0SISBconSpariiidina, preferably,
baby is to be fed it is easy for the Eﬁason.feeding
t héhebednjainer ienmarked sapprapriatediy ot crrampientiieadaily tpquecmprt can be

bahy.each . da o that.the.baby i.s not .upnderfed of

v i vt el oy Rl FUAREE S AR o BE R R o one quarte
St QhGuANAYS Bne thirliNgiqhttk b BRS Endhal LALJustIE &6 Mk if FHeDbhby is on
on long-termhealth i'n controll ed conpari son groups

i nfdunehdwnieadsp ogpoh atonpartwest det drohd med sind ohdhe delly treitritional
are shown in the Exanples. Exanple 1 10 Subjects
weFUBEPEof a cohort of 926 who were born preterm and
participated in studies that investigated the effects

of early diet on later cognitive function and

caffte 6wasdalisaypidilyefad ¢o bleeswaehe figd 2wannilBlE thdiakfeesfter which

e S BT S RO S B B0 vt o
15 Gt ent g‘gfﬁpgﬂtrﬁ%ﬁs sd ﬁ’ﬁf’%a@ﬂ BRdinkt RGdS thy @B)lﬂ Ay ply.
reference group of subjects of the same age, but Borh

at termand with birthwei ght above the 10th centile,
was also recruited fromschools in the sa

comiHIativ ey The AR S. NP M ANCHORAIS M HY o sppteiner containing a
pr r s ing iBanads £
ol (EEARA G 1y RARDENG! om0 months e
Thé&sagtebn cahparaosmafe domainsisrdoatziniag twe tveeksp swipdy. m
formul a

The container can be of any convenient shape and can comprise, for example a sheet

of cardboard, plastic or the like with the compartments being formed by a plastic

bubble sealed to the sheet.

Alternatively the container can be a tin or box or the like containing sachets of the

formula which form the compartments.

In use, the contents of each compartment can be fed to the babies as a liquid in water

in accordance with existing methods of feeding babies.



(Farley's Osterprem Farley's Health Care, a division
of HJ Heinz Conpany, Ltd, Stockley Park, Uxbridge,

wok)o40e896%1s the relatively low nutrient diets BUHGBaDHO00518
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at the tinme. In trial 1 the pretermfornula was
conpared versus banked breast m |k donated by
unrel ated lactating wonen andgin trial 2 the same
pretermfornula was conpared 25 agai nst a standard
termfornula (Farley's OGsterm |l k). Wthin each tri al

nd t he, dj et.s, were rand | O '
s MR« Ve i b 1) 1T EshiTEl Bt RR TRARE bl fapy exactly
WNRo R liSchefrhBlaeiPEies Shd By eRWNdaR dokthat (iR bdblyals ridt @hderfed or
wer e assigned as supplenments to nother's mlk (see

Tabweefed pnd The founplaiseash endoonvarienidatstasppidiged pret er m
formula versus the lower nutrient diets, as originally

WO 2004/ 068968 PCT/ GB2004/ 000518 6 planned, trials 1
angy2 i {fRRAcSE 8By MhRRLtRINM bRildheeReh Hebltidh cBavslehe@mparison
conbi ned as a bal anced addition, thereby preserving )

r agabops §atheoumdapdputataes ivgn Wetetmingd dindt the resdiarareghown in the
Wi Ehi n 48 hours of birth using seal ed envel opes.

Et AX¥8P*Spproval for the trial was obtained from each
centre and i nfornmed consent obtained from each parent

5 (no parent refused consent). The assigned diets were

gi Erampintli | the infant wei ghed 2000g or was di scharged

honme. Conpared with standard termfornula, preterm

formula was enriched in protein and fat (2.0g protein

an f r ff tRrtici ;
1 Su59 Bt gRR oL ol BF 206 S Q5 bein JRERAR 2! ficipated in
f optoiileg )thdiuinverdigatedrtheftcat & ¢arlyOQdiel @anajeri cognitiot hfunction and

formulas. Preterm fornula was %Isoeri,chd i.n . .
vi carfiomascular gléseassd B@S’ﬁf’é‘rl%ﬁ&n §98pahities Ege fronkaor congenital
dO t : i | s t | . . i t . r: .
SIS LR A ARRION WPRPAER AR 5 pones clorvich
muCinpligge] Sheffield, dpyoviox amBk #igds lyning prafeencs grdgp bhgubjects of the

and 7g carbohydrate per 100 nil). MNodther's own i
ex pHRS 88”1 Ut bR ahise®y andowithaurthweighthaknvedhs d Ofpaentile, was also

CoMRLS 45 RSB0y ol s

denogr aphi c, social, anthroponetric, biochem cal and
clinical data were collected throughout the hg@fi tal .
admfanss Garn prefcam wergeieadomlygtrsignerhi i yweyparpligl garflongiged trials, to
st aff and.. R Wej . e - |

oL AR FE DAoL, 00 RPNt oL R o

f | edrieatsi OftSrprém WBAEHIts HlkQ Make, Wedieistdrs of BV ail¢iab|Gdngiany, Lid,
di scharge fromthe neonatal unit, at age 18 nonths,
9- Bockles Prgk, 1&bydlae.sUK suerse the rejatévely low nutrient diets available at the

time. In trial 1 the preterm formula was compared versus banked breast milk donated
by unrelated lactating women and in trial 2 the same preterm formula was compared

against a standard term formula (Farley’s Ostermilk).

Within each trial (1 and 2) the diets were randomly assigned in two strata: A) the trial
as diets alone and B) in mothers who elected to express their own milk; the trial diets
were assigned as supplements to mother’s milk (see Table 1). To compare the

nutrient enriched preterm formula versus the lower nutrient diets, as originally



was based on the occupation of the parent providing
the main financial support for the famly (or if both

w@areneseswr ked the father's occupation) accorRPCTGBR@®4/000518

the 25 Registrar Generals Cassification as

descri bed. Followup The present foll owup at age

13-16 years invol ved neasurengnt of 4 key vari abl es

30 (bl ood pressure, flow nedi ated endot hel i al

dependent dilation, lipid profile and 32-33 WO

2004/ 0 0 SR LT 1 ' .
2ORLRR R, P STRRA0RR 5 T bl BESM e combiont

S eBalgxRAPdditR)h, thePéiPhRs&ving MadomishticiReadom ssipht@dat to diets
a half standard deviation (0Q.5D) difference_in
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10

15

20

25

30

{ e 8 blBldncd ¥orh S0l L& Ana TRSLAUIN. SHBSAMRhE Rbm cach parent

Jects 1tromour oridgin cohort

t hirh farétithéfaseaneasdyi th two parallel trials) at 80%
power and 5% significance; and a m ni num sanpl e of

around 200 subjects for 70% power and 5% si gni fi cance.

F Measur nt 10 We_ neasur ed brachi al, ar .

FI'ShE ReiE e oSG nar T e frang sl 4ok qrpyas discharged
anhbdi cahparedl wandaidiald drmd¥shingt prefrheformant was enriched in
the atherosclerotic process in a population subject

t opredeinand fat (H0g progginiand 9gdeicher Hhwbpreteymdormewlecgmpared to 1.5g

Thi s was termn by r.esear cher o were u .

of PRGN S0 S opeaa0p b gatte) e Lo T Sy toom) in
r e%tﬁ%\cxﬁﬂﬁlﬁé‘. eprkRm 10l B WL SR dnfichd Pint Reimths, 'AKOMAopper. For
scan, I ch was 15 conducted by a single observer in a

t eirfentafadr eankedh domtddedilk. 22024 0nd chardyenilies weerestimated from 600

bet ween 0900-130Q. The brachial _.artery was i npg in .
| oﬁalactruaﬁlﬁ &pols éeﬁ%?f{f fom oltelk AV PRI BN, ﬁfssprﬁgem» 2g fat

a : y » . ..
BB oL PR BRI G0 RS MG B SRR RE K gomposiion vas
st eteaqfrat in 4933 eomplate4Ehove cofesions ¢appadiimstelye hiSg pnwtdm, 3g fat,
when_necessar sing mcroneter screws. A pneumatic 20
cuﬁ‘ﬂdq\&garﬁﬂlﬂdé‘“ttéd around the forearmto 300 nm Hg for

5 mnutes followed by rapid deflation causing a |arge
increase in blood flow (reactive hyperaem a). The

r e Fkiengive alechogmphich yee4laemthtopbheatt, fbiahemdlaband ichsicalndata were
the centre of the imged artery were determ.ned usjn .
puleldsstadoibisrughoutrihg hampital Gripssisndpfants Ege dveighcd datly BY trained
di @i td a SLofr £zl Ll 1Y, e

e o B o Mo o Bef L5t Gact! ARoE PRk, e PKREMRg o reduce
di anet@aciseasiiefentdily Mediaabe iy vedigler Wdights oate also available at

procedure (for 1 mnute resti né:;, 5 .
discharge from the neonatal unit, at age 18 months, 9-12 and 13-16 years. Social class
was based on the occupation of the parent providing the main financial support for
the family (or if both parents worked the father’s occupation) according to the

Registrar Generals Classification as described.

Follow-up

The present follow-up at age 13-16 years involved measurement of 4 key variables

(blood pressure, flow-mediated endothelial dependent dilation, lipid profile and 32-33



m nutes cuff inflation and 3 m nutes post cuff
defl ation). Blood pressure was nonitored using an

wa@edoseioesl oscil |l ometric device (Accutorr, DatBSDGB2004/000518
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Corp. New Jersey) and heart rate recorded using a
three-| ead el ectrocardi ogram (ECG |inked to the
ul trasound machi ne. The repcoguci bility and detail ed
nmet hodol ogy for neasuring 30 FMD has been previously
descri bed. FMD was expressed as the absol ute maxi ma

WO A0046068 Qg&eﬁﬂt{(ﬁg’?@p 4 199&%9@8 of $nsuih %%?ta&%t WEEE example 2).
pre- and post - hyperaem c brachial artery dianeter
adSusprtsifeowapeaimdtyp ar aebide dhafrehedard dsiiaton (0.5D) difference in
regressi on anal ysis) .and _as the absol ute chan

n
d| SHEPBES Bxyeen saylogtsed HelreEPERRINpFac rOé”t g’ﬂ&’érﬁ”@ required a

hﬁlﬁm( Ele %Ple ofﬂ?&ﬁl{d‘)@s‘?)‘ do¥s 254 F- Qe 2oHott Bl detect this

m#up was neasured using a por Ho e
St atitosmt e(rW1&C awo aparalled tHialBnaf HOI%t giower | aisit sUTEIZhHicance; and a
Ltd., Crymmy UK) and wei ght using electronic scal es
ac Ui ﬁf@nme of awgnzl 36@ subj geion 8% Resyerang po significance.
Measurenments were made using standard protocols by 10
one of two observers trained in the techni ques
I nFdy @deasdi@nieet Staging was perforned in private by
sel f-assessnent using standard Tanner stage
phot ographs. Social class was based on the occupation

h fi I

f orwef‘ %§B$ Ak f)rae%ugﬂnq %’é %%ééﬁrféécg gnc{m}gfr? d%%eiﬁgrgtctzﬁauon (FMD),
oceh Hﬁdhbzﬂﬂl) ofeaOstHINY dySfunéthe Reghst foaﬂlecéﬁﬁﬁbﬁﬂerﬁtm process in a
Classification. 15 Bl ood was obtai ned by venepuncture
bem@énﬂ@%@bmtdtm noenagl t wndeatrgicsy ARGHD fealthy connalgnéf his was
se t.ed i med ate stored initdial
g B Rl 5 sotan] Sk bR Ao Be ihbloxs cpational age.
befsqtsj%ct@rwéry%s%ed Blp%@é"'ﬂn QONAERtE BrioP RS tRf ulkbound scan, which was
chol esterol were determ ned using standard | aboratory
rretcbmiwtedzby St singlst plesafveAnal ay sanspeiafitei pomrollied d@-24°C), darkened

TR T TR0 L I EnGILF I ARRD scin >
(Webaht ﬂ)@b@)th@@ﬁ)ok@tﬁ{ngl: M. M¥g2nakal al‘@%} %ﬁscﬁl@éﬂ"andzgn Acuson

was expressed as theée absol ute val ue and
st 4A8EPA Ocystent iTbe treswiueerf wasnthex iised esingvm sgﬁhwotémc clamp and fine
scoreﬁ usi.ng centi | ﬁs for infants born. {)rreterm

Do FoioR AL HETHARe SRR GHOoaEY MR AT 26 SHRES. A Pheumati
ChapRg8vdsNnAated AfRinfl We WetLhto BOOMREHE FGONAMRes followed by rapid

deflation causing a large increase in blood flow (reactive hyperaemia). The resting

and post-hyperaemic blood flow velocities in the centre of the imaged artery were
determined using pulsed Doppler. End diastolic B-mode images were digitised and
stored off-line sequentially every 3 seconds throughout the scan procedure for arterial
diameter measurements immediately after the scan procedure (for 1 minute resting, 5
minutes cuff inflation and 3 minutes post cuff deflation). Blood pressure was
monitored using an automated oscillometric device (Accutorr, Datascope Corp. New
Jersey) and heart rate recorded using a three-lead electrocardiogram (ECG) linked to
the ultrasound machine. The reproducibility and detailed methodology for measuring

FMD has been previously described. FMD was expressed as the absolute maximal



and age 18 nonths, 1S nonths and 9-12 years, and 9-12
and 13-16 years. Al regression anal yses were

w@opousssoes f or potential confounding factors (aPEr/GB2004/000518
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30 neonatal norbidity -nunber of days in >30% oxygen
and the nunber of days of WO 2004/ 068968

PCT/ GB2004/ 000518 9 ventilagi on and social class,
and for height, weight, serumLDL chol est er ol
concentration at followup, and roomtenperature). To

conpare .the influence the .early.growth.on |ater

Ve TS BBkt Soh peata i ey Bl pfustea for pre-
t hgypRicti8" dhMeRy | (BlihONedREsich \enbligtts) RhO® R HeOHPRDIRY change in
theirt early growh (nmedian for 5 weight gain in the :
f i disimeger paptesrstlab awersksipge dMprerhFpda¢mictdwseier WPYOups
was conpared with control subjects born at term using
anal ysis of variance and p values were adjusted for
MUAt R o QRPAd B8RSk NS FBRRfens oni s correcti ons.
Statirstical —signiflcance was taken as p<0.05 for all
anal yses. 10 Results Subjects reviewed at age 13-16
years were representative of {hos recruited at bjrth

i nHeight feas,megsyred psingh | PGEL '

e, Flagiomefsry f.q%teg ke L mm (Holtain
sc [ r LLgiht . 2]

e Suaf 8 SEIEIRTE S0 e PR b U By 01
si gpi($écapHamblinef Geeinags Neasinwaanvdb/Made tisimg standard protocols by

random sed dietary groups and thjs justifies conbining.
al P1g fdtwey r%ﬁgeliSn%wﬁ% dRalysteshygnesninvesed. Tanner staging was

ba d:_c rd.&t ' Lyve '
TaEPEs e N A b el as 3o ot B huRd o g Brygosraphs.
FMBowiakclassgnad basadbh ythe etaipetibrt of he rpakene ipghtidiag sleomeain financial
and this association_ remined significant after

adFuRRORERE thedpmps (@t Path reBwioUMEH ferfaibent eoquagiéon) according to
S€%e I'@%is%‘rGen%l’QﬁiasFifﬁ@Eﬁdnﬂg LDL concentrations, room
tenperature, social class and neonatal norbidity
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cholesterol were determined using standard laboratory methods.

Statistical Analysis

Multiple linear regression analyses were used to assess associations between the rate
of neonatal and childhood growth (weight gain) and later FMD. Neonatal weight gain
was expressed as the absolute value and as the standard deviation score from
expected weight (z score) using centiles for infants born preterm. Growth beyond the
neonatal period was calculated as the change in z score for weight between discharge
and age 18 months, 18 months and 9-12 years, and 9-12 and 13-16 years. All
regression analyses were adjusted for potential confounding factors (age, sex,

neonatal morbidity -number of days in >30% oxygen and the number of days of
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score increase in birthweight; 95%Cl: -114.9 to
-35.3g; P<0.001). These associ ations remai ned
significant after adjustnent gor gestation, sex,
neonatal norbidity (as above), social 5 class or
dletary group (standard versus nutrient enriched diet)
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an&<fh¥se associations remined significant after

adj ustnment for potential confounding factors (as

above) (Table 2). In contrast, growth 20 expressed as

t h8ubjleets gev15e\rzeckatsugerle lﬁqremmeir@htepbesbmeve ofil thosearegitadhat birth in

age 18 nont hs, nDnths and, 9-12 years, or between

9- {oymg bl@h"i‘%}g%g?%a%&s indiveiht Zseorer gistheres weighy score, social
T
( @%.ﬁaﬁ% ea_rgate%tﬁtrélﬁ)gdel%elf’['gt&g %%?&%%ggbcgtrly g%ﬁ?ﬂ%ﬂt differences in

betmeﬁ FMIDrifebvesnd-and@seibal dgietawagrolipy bake chis Nistfiésombining all feed
(between birth and the second week and between the

se&HEs WeEle anglysen Redowy e backgramd shagetsiipticsioftsablects are given
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| ower FMD in adol escence and this association renai ned
signifi cant after adj ustnent _for potenti al

C o BAlpHel b vestation qugdd aigs M (Table 2). Simlarly,

30 greater MEIght gain in the first 2 weeks

postnatally was associated with lower FVMD in WO

20Q4410 636530 PRIAnEB 2084100 Qﬁﬂeﬁwelﬁhtlﬂ- scrdl @h& 98I AR ciation remained

(Table 1 a) independent of birt g gestation and
posiginificant after adjustment for potential con oundmg factors (age, sex, height,

weight, fasting LDL concentrations, room temperature, social class and neonatal
morbidity expressed as the number of days of ventilation or days in >30% oxygen)
(Table 2).

Birthweight for Gestation and Early Postnatal Growth

As expected, a low birthweight z score was associated with greater weight gain from

birth to the second week postnatally (regression coefficient = -51.6g per z score
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i nfluenced later FMD, two further anal yses were
performed. First, we assessed the association of

wei ght gain between the m nimygm wei ght after birth
and the weight in the second week with |ater FMD.
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FMD (Table 2).

To better define the period of neonatal growth that influenced later FMD, the period
between birth and discharge was divided into two (between birth and the second
week and between the second week and discharge). A greater growth rate between
birth and the second week, but not between the second week and discharge, was
associated with lower FMD in adolescence and this association remained significant
after adjustment for potential confounding factors (as above) (Table 2). Similarly,

greater weight gain in the first 2 weeks postnatally was associated with lower FMD in



indicates in humans that rapid growth i medi ately

after birth has adverse consequences later in life.
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Relative Contribution of Intra-uterine and Early Postnatal Growth to Later FMD

25 There was no significant interaction between birthweight z score and weight change

from birth to the second week on later FMD (p=0.56). All measures of postnatal

growth (as shown in Table 2), potential confounding factors (as above), and

birthweight z score were included in a stepwise multiple regression model. Only the

change in weight between birth and the second week, and room temperature were

30 statistically significantly related to later FMD (regression coefficients =-0.027 mm
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-80C, and thawed only once imedi ately before

anal ysis. d ucose concentration was neasured using a
hexoki nase met hod. 32-33 split,proinsulin, intact
proinsulin and insulin 15 concentrati ons were neasured
in the | aboratories of Professor Hales in Canbridge.

Insulin co ntratjon was Ir i one step...
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Si mul t aneous multiple Iinear regression anal yses were

used to adjust differences between random sed groups
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measured).

Sample size was estimated to exclude half a standard deviation in outcomes between
randomised dietary groups in each of the trials and we required a maximum sub-
sample of around 250 subjects from our original cohort to detect this difference (with
two parallel trials) at 80% power and 5% significance; and a minimum sample of
around 200 subjects for 70% power and 5% significance. A subset of 216 subjects,
which met our minimum criteria, agreed to participate at our initial attempt at

recruitment and were found to be representative of the original population. For
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standard deviation score from expected weight (z
score) using centiles for infants born preterm
Growt h beyond the neonatal pegi;od was cal culated as
the change in z score 15 for wei ght between di scharge
and age 18 nonths, 18 nonths and 9-12 years, and 9-12
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Main Effect: Conparison Between Random sed Dietar

G oegobved IBiorometric assay (Delfia). The solid phase antibody, bound to a microtitre
plate, was the same in each case. The labeled antibody used in the 32-33 split
proinsulin assay was donated by Dako Diagnostics Ltd., Intact proinsulin was
supplied by the National Institute for Biological Standards and Controls (Ist
International Reagent 84/611), and chromotography purified 32-33 split proinsulin
. donated by Lilly Research Labs. The antibodies were labeled with Europium using
the Delfia Europium labeling kit 1244-302 (Wallac, UK Ltd). The intact proinsulin
assay typically shows less than 1% cross-reactivity with insulin and 32-33 split

proinsulin at 2500 pmol/L. and 400 pmol/L respectively. The 32-33 split proinsulin

assay shows less than 1% cross-reactivity with insulin at 2500 pmol/L.
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two (between birth and the second week, and between
t he second week and di scharge). Only growth in the
first 2 weeks was associ ated wgd h higher fasting 32-33
split and intact proinsulin concentrations in
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formula versus term formula (trial 2) (Table 4) as evidenced by the lack of a

significant diet by trial interaction for later 32-33 split proinsulin concentration
(p=0.5), intact proinsulin (p=0.3) and insulin concentration (p =0.8). This further
justifies combining trials 1 and 2. There was no sex difference in the effect of diet on
fasting 32-33 split proinsulin concentration (the interaction between diet and sex on

fasting 32-33 split proinsulin concentrations was not statistically significant; p=0.07).

In an explanatory analyses, the effect of diet on 32-33 split proinsulin concentrations



20 adol escence, with or w thout adjustnment for current

BM z score (data not presented). Thus the influence
wW@Roogmed9y8 growmt h on | ater 32-33 split proi nsul PEI/GB2004/000518

concentration was independent of weight gain during

chil dhood. Effect of Antenatal G owth Programme

Proi nsulin Concentrations 25 {lp_explore the influence

of antenatal growth we assesse t he associ ati ons

between birthweight for gestation and | ater

?Lg%lﬂ%gga gbgagg&spaﬁata u§tmegp ley mwe {19 g %MM and potential

[Tt prornsulin) conc

adabaftediog fhasrs (egadtitisetyl métﬁsdmabmfeﬂ(r&‘gréislon coefficient = 18.4%;

bi rt hwei ght. z score independent of potential
cor?ﬁduﬁh?%fff‘«lé?@%ﬁé%&3 3%; a580¥). (Table 5). WO
2004/ 068968 PCT/ GB2004/ 000518 - 18 CQur prospective
experinmental study was designed to assess the

5 i nfTh yensdsefucgBitalyses bhlyl 33-9% sPIRt dn@tiﬁfac@gf hsQUASEH! Bk insulin or
risk factors. We found that adol escents born preterm

wh glugese congprications dver%SIamﬁ@mély alatadi te e ekirlyt factamvef interest (other

rec nlse as. s ptimal in ternms 5 of growh, had

I ov@/%%?%g pﬁ%jse§%823 split proinsulin concentration, a
mar ker of insulin resistance, than those random sed
to a nutrient rich diet. Further analysis suggested

t thffelch mpramlvstanmaaf_@mwth fec&mammet bates Rreasslimf €encentrations

om satl on re likel

10 {1 Heihei A R andhar Mol G, op SR B et TRl B w gested the

%F@thésﬁ?éj U BostBAAll YrodilPPEdErdrAhed RSerd3 299 §§l§’t‘%§ﬂcﬁta@{ Rroinsulin
| ative undernutrition programmes a | ower ~ 10 1 nsul |

r e§ps¢eatr@feor5n d’hishyvais ndaseemc tyo avdysweaking epdsn postpatab growth as a

NI DDM. V\DZOO /06 8968 P GBZOO4/ 00518 - 19 Table 1

0 KORIAYORs Variahig-o1 as 3 di 6‘% 1++ M~ .~ ~., 0G2
+/ Cam..-+rp C LSy -..~ .-, C7T Ntj ,,ray 4Y1
~+ MCa +~ y ~b

15 A greater neonatal growth rate (expressed as a continuous variable: the change in z

score for weight between birth and discharge) was associated with higher fasting 32-

33 split proinsulin and intact proinsulin in adolescence independent of birthweight,

gestation and potential confounding factors (see statistical methods above) (Table 5).

To better define the period of neonatal growth that influenced later proinsulin

20 concentrations the period between birth and discharge was divided into two (between

birth and the second week, and between the second week and discharge). Only

growth in the first 2 weeks was associated with higher fasting 32-33 split and intact

proinsulin concentrations in adolescence (Table 5).

25 Neonatal growth was taken as a dichotomous variable by comparing subjects who

showed weight gain in the first 2 weeks of life (n=60) with those who had weight

loss. Fasting 32-33 split proinsulin concentration was greater in subjects with early

neonatal weight gain (geometric mean: 7.6 pmol/L, Coefficient of Variation, CV:

60%) compared to those with weight loss (5.9 pmol/L, CV:54%; mean difference:
30 24%; 95% CI for difference = 6.6% to 41.5%; p=0.007). Similar results were
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for 32-33 split proinsulin and p=0.03 for intact proinsulin).

To exclude the possibility that postnatal weight loss due to fluid shifts rather than
postnatal weight gain influenced later fasting insulin concentrations, we assessed the
association of weight gain between the minimum Weight after birth and the weight in
the second week with later proinsulin concentrations. Greater weight gain during this
period was associated with higher 32-33 split and intact proinsulin concentration in

adolescence independent of birthweight, gestation and potential confounding factors

(as above) (Table 5).

To assess the influence of postnatal growth beyond the neonatal period on later
proinsulin concentrations, growth was expressed as the change in z score for weight
between discharge and age 18 months, 18 months and 9-12 years, or between 9-12
and 13-16 years. These variables were not significantly related to later, 32-33 split or
intact proinsulin concentrations. Furthermore more rapid growth in the first 2 weeks
post-natally was associated with greater 32-33 split proinsulin concentration in
adolescence, with or without adjustment for current BMI z score (data not presented).
Thus the influence of early growth on later 32-33 split proinsulin concentration was

independent of weight gain during childhood.

Effect of Antenatal Growth Programme Proinsulin Concentrations

To explore the influence of antenatal growth we assessed the associations between
birthweight for gestation and later proinsulin concentrations. Only fasting proinsulin
(but not 32-33 split proinsulin) concentration in adolescence was negatively
associated with birthweight z score independent of potential confounding factors (as
above) (Table 5).
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Our prospective experimental study was designed to assess the influence of early

nutrition on later cardiovascular risk factors. We found that adolescents born preterm
who were randomised to a lower nutrient diet, now recognised as suboptimal in terms
of growth, had lower fasting 32-33 split proinsulin concentration, a marker of insulin
resistance, than those randomised to a nutrient rich diet. Further analysis suggested
that these dietary effects, seen up to 16 years after dietary randomisation were likely
to operate by influencing neonatal growth rate. We suggest therefore that a reduced
early growth rate as a consequence of relative undernutrition programmes a lower

insulin resistance and, by inference, a lower propensity to NIDDM.
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- 24 Table 5 Regression Analyses of Early G owh and
Later Proinsulin Concentrations in Adolescents born
woe@ueesyss/ar i abl e Unadj usted Adjusted'  Regr esBCDGB2004/000518
95% p Regression 95% C p Coefficient (% (%)
Coefficient (%9 (9% 32-33 Split Proinsulin Birthweight
z score -5.9 -12.6 to 0.7 0.0$-4,9 -11.3 to 1.5 0.1
C ,hanP,e ir~breiavlit,;r,., sulrc.lrcit eta Birth
and di scharge 13.6 3.2 to 24. 1 0.01 21.1 5.8 to 36.4
0.007 Birth and 2 meekskggﬂ .5 to 43.9 0.003 44.0
18.4 to 69.6 0.0009 2 wee and di scharge 8.4 -+.6 to
25.4 0.3 8.6 -11.7 to 28.8 0.4 i she change inert
teen 1. Birth and 2"a week (per 10Qg) 13.2 5.4 to
20,9 0. 001 Xour&sidh.ABatls®@ ofF4clyBrO1tDOA Lat@ Profbsuiii furputtprght
and 2"' week 19.0 3.3 tduglegnpbgnlgiomg 5 4 to 40. 4
0.1)1 (per 1008) Pruiusulln Birthweight z score 4.2
-12.9.10 -1.6 0.01 =59 -11.5-1t5-0-2-0-04—Change—m
wei ght®**scam Be.ty cetil Bir “And di schar ge 1670 7.1
to 24.8 0.0005 14.9 fe&iot o 2&%2! 0. 08 gﬁﬁﬁ‘a d“’ v
weeks 31.2 MO to 45.%784 Go0l”37.3 15. 4% . 0009
2 weeks and dlscharge [ 1.0 -3.5t0 25.4 0.1 23 15.0
to 19§ SO o t, chapnge .Cagh: L' oen' 1. .Birthsw@nd o
2f mee per 1008) 15.1 8,7 to 21.5 0.0001 14.9 7.1 to
22.7 ~@&gg§zﬁ* ----- 129--‘*‘Fv?ilnlrmrm,(\/elgl‘zu;,z,;ando0?2"'Iweekl 28560315, Do

discl

to 4.2 <030091a4.5 9.6 ¥p 395440 0P (per‘“(lo g gggcgw

¥ 5.4
line repré§@ﬁﬁ§m5”§eparafé r 8§ &ési 6n nodel j uust e
for: ageamsexe'current body roast index z gcoreh3 oss 0001

soci al ;Im&ﬁlugmﬁ%ﬁﬁ.ofwvnednﬁﬁﬁl Bor bi di bys (N 0.1
of days @m<m¢nf| ation or days in >30 i% oxygen). 'Ad
usted for confounding factors (as above) together

with birtltweight and gestation, Small loss of it in
sone ngggttzss'com\m 2004/ 068-9/‘§8 Eﬁ/1®2@Q4/ 0005-3-58 115 w02 0434

N ; ool
Change in welpht 7 soore betwoen

Rirth and discharge 16.0 7.0 0 24.8 0.0005 14.9 1.5t 282 0.03
Birth and 2 w«.:::ks 312 169 w455 <0000 373 154105801 Q.0009
2 wecks and discharge 110 <3510 254 0.1 2.3 A58 19.3 0.8
Weight change belween”
Jﬁ?”“ﬁ?x%?ﬁé"f‘week (per 100g) 15.1 5710215 <0.0001 14.9 7010227 <0.0002
2. Minimum weight and 2 week 28.6 1551042 <0.0001 243 9610394 0.001
(per 100g)

Each line represonts 8 separate regression model. ‘Adjusted for: age, sex, current body mass ndex z score, social ¢lass, indices of
neonatal mothidity {number of days of ventiletion or days in »30% oxyyen). *Adiusted for confounding factors (as above)
together with birthw c;g,ht and gestation, Small loss of n in some models.



- 25 dainms 1. An infant feeding fornmula which
conprises 0.5 to 1.00 grans of protein per 100m of

wo oooabsacsand 25 to 50 kil ocal ories per 100m oPCT/GB2004/000518
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formula. 5 2. An infant feeding fornmula as clainmed in
claiml in which the protein is selected from bovine
caseins, whey proteins and indjwidual proteins

t hereof , al pha-casein, 13- caseln, kappa-casein,

al pha-1actal bumin, 13-1actoglobulin, serum al bum n,

I a%l%nesrri n, i mmunogl obulins and conbi nati ons of
these proteins and al so m xtures of these with 10
other proteins. 3. An infant feeding fornula as
claimed in claiml or 2 in which the energy is in the
f orlmAafinteat frsipng dermeula wlychreomprises| & 5 40 1 Q0| drefus df pueteamper 100ml
feedi.ng fOr | .C Qnpris t and a feeding
forog;g? uall%an C %ﬁo\r/rgﬁbl QFO &Sﬁgs eﬁgﬁgw?? ﬁ%mﬁl}l tedi ng
claims. 5. A container having a plurality of

conpartments containing a nutrient formula in which
each Asompant tipesting Somuda arsclaimednihaniaint &éliwhichf thermubtginais selected

oL Bal e 0 oS e SRS BcoPtehcascn, o
Corpgdit BRba-eaRiRIahalis@IbdBin 8-1adid@8bilS LRI MmN, lactoferrin,
di vi ded portions thereof. 25 7. A container as cl ai ned

i n iginainegBbitkinswiidodondacttioos nfH e semproteicsomtdad] stsmixtams bOthese with
to 650 nls per day or divided portions thereof. 8. A
coMIFFREY IS ¢l aimed in claim6 or 7 in which the

di vided portion is divided into eight one eighth

al i quots; six one sixth aliquots; four one quarter

al i3guaot isfant firedmgdioamuld@s chimel al ¢lainol or@rintwitclothe enaidgf is in the
al i quot s. 004/ 068968 PCT/ GB2004/ 000518 - 26 9. A
corfg%’ilﬂg?arggyglmé?ﬁ‘?éjdorl%t-any one of claims 5 to 8 in

whi ch each container contains a plurality of sachets

whi ch contain the forrmula. 10. A container as clained

I n danyligne irdhntdealingsfobmtia vehicincoriprides taes and b €eeding formula as
fourteen, 5 conpartnents, 11. A container having a

pl Glaamed in @iy Qs tha esrdeed#Hmsi ni ng a nutri ent

formula in

5. A container having a plurality of compartments containing a nutrient formula in
which each compartment contains an infant feeding formula as claimed in any one of

the preceding claims.

6. A container as claimed in claim 5 in which each compartment contains from 10 to

1200 mls per day or divided portions thereof.

7. A container as claimed in claim 5 in which each compartment contains from 10 to

650 mls per day or divided portions thereof.

8. A container as claimed in claim 6 or 7 in which the divided portion is divided into
eight one eighth aliquots; six one sixth aliquots; four one quarter aliquots; three one

third aliquots or two one half aliquots.



whi ch each conpartnment contains sufficient nutrient
formula for a baby's daily intake. 10 12. A contai ner

w@g008i068968d in claim 1l in which the fornul a ce@pPGB2@8/000518
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a standard infant formula. 13. A container as clained
inclaim11l or 12 in which each conpartnment contains
15 from 10 to 1200 nml's per daygor divided portions
thereof. 14. A container as c%ai med in claiml1l or 12
in which each conpartnent contains from 10 to 650 ms

2, gt ALY S o B 20 3 e e comn

whia@iurhItg offsadhe@aviel drdin thesfoethiiaded i nto ei ght one
ei ghth aliquots; six one sixth aliquots; four one
quarter aliquots; three one third aliquots or two one

hal liquots. 16.. A.container . i ] \ e
o b, B B Sy SR ERPERE R S MR8 o
coRb@bismantpl urality of sachets which contain the
formula. 17. A container as clainmed in any one of

clains 11 to 16 in which there are fourteen

compa ert cr{)%patige'r having a plurality of compartments containing a nutrient formula in
which each compartment contains sufficient nutrient formula for a baby’s daily

intake.

12. A container as claimed in claim 11 in which the formula comprises a standard

infant formula.

13. A container as claimed in claim 11 or 12 in which each compartment contains

from 10 to 1200 mls per day or divided portions thereof.

14. A container as claimed in claim 11 or 12 in which each compartment contains

from 10 to 650 mls per day or divided portions thereof.

15. A container as claimed in any one of claims 11 to 14 in which the divided portion
is divided into eight one eighth aliquots; six one sixth aliquots; four one quarter

aliquots; three one third aliquots or two one half aliquots.

16. A container as claimed in any one of claims 11 to 15 in which each container

contains a plurality of sachets which contain the formula.

17. A container as claimed in any one of claims 11 tol6 in which there are fourteen

compartments.



