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WD 20041068968 PCT/ GB2004/ 000513 Baby Feedi ng Fonnul a
and System The present invention relates to a nutrient

WRA0HHE6816% cedi ng system for feedi ng babi es, PCT/GB2004/000513
particularly in the first weeks of life, 5 For the

"production of baby foods, in particular mlk baby

foods or infant mlk fornulas, respectively, inter
alia cows mlk ob coérpﬁ?ne ts fromcows mlk are

used. These i ncl 8% FEHOREmpeand Sistemmi | k prot ei ns
(casei ns and whey proteins), 10 There are nmany
differences between cords mlk and human mlk. In the
prl 6% BEEnhnvention selates 19 AinRyleptrurd tha fstine sxstent for freding babies,
f parfbdlasy in WY ikt vRERs i described as fornul a foods,
cow s mlk needs to be highly nodified, Such formla
foods are "artificially" produced, in an attenpt to
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t foeaelal ebsDeptively datet Al miflCorRERR&] h%%wﬁﬁﬂ?
cgrbo,hy rat es.yThe f ast est grcgvvt hﬁcgig%;ﬁg in the f1Fepe

& mgude for sxauante eoms mill prefsins (abiinsnt ey proteindyi ce
and practice strongly supports the pronotion of infant
growth in humans so the infant fornula for feeding
baB§re §r9 manyhéifprences betwedascowds milk enchiaveanhailin Ia che meckss 6f

e of ies. The.ability to.
gtgce: er at gjg?%e\%t ﬁ%@%{& ﬁ‘}ﬁ’f@ﬁﬁ%@%ﬁs G’E:H?h peplse desgribed as
afbrhenla tfeods,ooe s SdilkeneefiOto Be BfhiyORlodified Wrkh HbRRA foods are
deficit, is a strategy common to nmany developing
oGl srradused. dn %@%ﬁ@swgmefﬁfe Aptqenal el gk Mexactly” es possible
radf ot ifiodd lndithaPt Sthdiid | Doarst
chi | dren. I—bme?a\?gran?gldﬁg?t hy g?&%ﬁéﬁﬁn s,g %e%% &t
fRERiRas Aty Ardyarbolydmitses t hat fast early growth or
"over nutrition" can have long term adverse health
effects in humans, particularly with regard to |ong

{Tie rnstest grovath obeed irhthe irgviestks laBed Bigh GRY %h&&ﬂ?%ﬁ@ ‘

atherosclerpsis and to the later propensity to insulin
P PRRIECER AeRBH. FRERHS The WSmIRion 26GHE grawt in hurmans so
eTih fA0P AL GO ling babics in the first weeks of life have been devised to

encourage the growth of babies.

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

Fowever 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-insylin




2 dependent diabetes (NIDDM. Slower growmh as a

COWs RKiEse Of relative wundernutrition has been
suggested to have a beneficial effect, as eviBeHEBH0400s:8
a lower nutrient intake programm ng |ower insulin
resistance later in life. W have al so found that

formul a fed babi es have a gré&afer weight gain in the
first two weeks of life than breast fed babies and it

coul | ong-term beneficial
effeéht %‘&breﬁa)g?s igggﬁ% g lpvees Eﬁ%@lhs@uhawﬂmmcndm of relative
coul dmﬁ@nmhmbﬁwmggesﬁﬁt&%h%ﬁfﬁcﬁi‘ F%Q&ncec?byalower

of bgﬁég ies ing this crltlca éar
W nd(li)lvv. acaug Bﬁ{gg{xngglp é@isémaﬂatmmlrfe.gr owmh is

conpl eted by 2 nonths of age the Iong- term benefits
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The ant feeding_ fornulas vvh
affe?taék?he rateé o g‘fﬂt%’%ﬁ’?@“t‘hé"%‘?éﬁéﬁﬂﬁ %mgec&tadofong-
‘the bmﬁnn!actﬁmﬂ ofbmm c&%&éﬁs&ﬁmg; |8, and

a consequence

m E}ﬁvprow es aenffﬁ?ﬂ‘? %W@ﬁ@fgrﬁ‘-{ag‘gﬂuﬁgn cqh:;imaﬂpdwndow

‘and Bseaust st ¢mme1&m iBgrdvith Ealﬂoﬁﬁ;i eted by DeftRESH2ge the long-

-ther %#ép e t he use of nut ri1 ent

man( ISEBTHENt etk with brest-foadink og viRulat KB are
i nf @Hﬁd&dﬁ‘ﬁtﬂ%&ﬂﬂ up to 2 nonths of age to avoid

| ong-term adver se alth effects consequent upon

excessive weight gain in that period, said nutrient
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for feediing to infants up to

i nhRY e é‘sfgméafﬂefqgﬂnng babies wh}bh m@ﬁ,ﬂﬂag “@t&mﬁn
J Ot =100m o fornulaa
I eglgoﬁwan é& 'Ing ft}eggxg %om of formula. These

| evel s of protein and energy=are bel ow what has been -
proposed for infant feedi ng formul ae and such

h hey
COMP&R etsb@d? Sthéth §s [%}Q\y c%dl tg% as% gf '}ﬁ%@g‘?‘ﬁ'{‘? %Iar:;] gq\c:tﬁrgqu tg feeedmg formula

Cc inb
%g fe1arﬁngl R&UF3P Rfanks indiadrgriodeip 1o Afnaomthsfot agd ROVHRANEAY-Brm adverse
orhebitthsffecsathsey06t ruﬂd)ﬁl@(cbé%nfehﬁelght gain in that period, said nutrient providing

| 0.5 to 1.00 grams of protein and 25-50 kilocalories per 100m| of said formula.

- In another aspect, there is provided an infant feeding formula for feeding to infants up to two
months of age to inhibit excessive weight gain, which comprises 0.5 to 1.00 grams of protein
per 100ml of formula and 25 to less than 50 kilocalories per 100ml of formula.

These levels of protein and encrgy are below what has been proposed for infant
fecding formulae and such compositions are novel and it is surprising that they can
result in better long tenm health for infants,



i nvention, normal proteins, which are already at

pr esent used for the production of formula foods can
be used as raw material s ant®Thus as proteins for the
baby foods. According to the invention, al
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hy Swoulal fordschan be usast as rew matsialssrnd thubas protéios fon ghe baby foods.
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aI phtenﬂsacii@bbpmm diptptides aridagy fodatakii acﬁ:d%[ Wwhich b ulsobe present
| act of eni n, i mMunogl obulins) and conbi nati ons of
these proteins and al so m xtures with other proteins,
for exanple, soya proteins, can be used, O her
proteins of animal or plant origin, which are
suitable for human nutrition, can also be used. The
total energy can be provided in the formof fats,

car bohydrates and proteins of the types which have
been used and approved in existing fornulas. The
conposition disclosed can be fed to the babies as a
l[iquid in water in accordance with existing nethods
of feeding babies and the powder conposition, may
conprise 0.5 to 1.0 grans of protein per 100 m of
“formula and 25 to 50 kilocalories per 100 m of
formula when nade up to the recomended |iquid for
feeding to babies. The fornula can be typically fed to
babies in the first two weeks of life, but may be used
up to age 2 nonths, the period in which nost growth

- acceleration is conpleted. W have now al so devi sed a
feedi ng system which hel ps to ensure this. Also

di sclosed is a container having a plurality. O
conpartnents containing a nutrient fornula in which
each conpartnent contains sufficient nutrient fornula
for a baby's daily intake natched to the average

vol ume of breast m |k consunmed per day. In each
conpartment the weight of the formula can be that
which is required for the daily feed and this w |
preferably contain from 10 to 1200m s /day and nore

&



preferably contain 10 to 650 ms. The fornula used may
wolkBosoggsst andard i nfant WO 2004/ 068968
PCT/ GBZOO41000513 4 formula or preferabl BCT/EB2000000518
~nutrient fornmula described above providing 0.5 to 1.0
grants protein per 100m and 25 to 50 kil ocal ories per
100ml. Optionally, instead 3f*the whole of the daily
requirenent being in one conpartment, 5 the daily
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ARl YR eoteinsy ean by naedeoam Pryteinaibf dimahed pladiCrigin, which
h rmul a betyplcallyfedto
ba%glesmﬁlﬁlgmﬁtgﬁ f their life, after

whi ch they can be fed norrml feed so each cont ai ner
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bmwﬁﬁhh@ebsmkam {-}Hegﬁﬂgg gre can be nore

t han one cont ai ner vv|t eac [ ner cont aining a
set nunber of conpartnents correspondl ng to a period
| ess than two nonths e.g. fourteen conpartnents for

i weeks' supply The
T%oﬁg({ns%%%g%@ca ggfed‘q@ SI5hiea 8 aglﬁglﬁén Water ing@pcordance with
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sachets of the 25 formula which formthe
conpartnents. |In use, the contents of each
conpartnent can be fed to the babies as a liquid in
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uB?obagea months, the period in which most growth acceferation is completed

We have now also devised a feeding system which helps to ensure this.

-

Also disclosed is a container having a

plurality of compartments oontaining'a uutrient formula in which each co:ﬁpartmmt
contains sufficient nutrient formula for a baby’s deily intake matched o 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 wil] preferably contain from 10 to 1200mls /day and more

preferably contain 10 to 650 mis. The formuta used may be the standard infant



WD 2004/ 068968 PCTI GB20041000518 - 5 Wien a baby is

t womodirsbsyt 1S easy for the person feeding the babX‘

to know exactly how nuch fornula to give the 000518
each day so that the baby is not underfed or overfed
and the formula is easy and convenient to store and

use. 5 The influence of early #Mdernutrition on

I ong termhealth in controlled conparison groups in
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Jeupment, corrpared a nutrient enriched pretenn
formula (Farley''s Osterprem Farley's Health Care, a
di vision of NJ Heinz Conpany, Lid, Stockley Park,

Ux biThasfigemulagn bedyriantly fetl & bableatiri te it tvo\WidhtHs ok @ 116} BicBwhich
trial | the pretermfornula

ava e t he .

was C %@@%ﬂﬁ&%@a‘ frndaingr cag hold yp ietveromontys® supply or
unredmdnﬁaﬁﬁm t

preterm fornmula was corrpared@a%?oagal n%ot%dsﬁ?tuiﬁigg ﬂlpply

termforrrula (Farity's OGsterm |l k). Wthin each trial

|et vvere randoni aSSI ned is two
strat %ng%ev@ mop thar} aRg mwwﬂi@iﬂsa
mmmmdoﬁmnqmmeﬁsc&&& PSR oo fh&h?lwoqnon&ﬁeg
m

Tare s oo R Ao SR Rlen coraf ”"ttmwéem supgiy.

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

of cardboard, plastic or the like with the compartmenis being formed by a plastic
bubble sealed to the sheet,

Altematwely the container can be g tln or box or the like containing sachets of the
formula which form the compariments.

In use, the contents of each compartment can be fed to the babies as 2 liquid in water
in accordance with existing methods of feeding babies,



30 nutrient enriched pretermfornula versus the | ower
nutrient diets, as originally WO 2004/ 068968
PYS 24806888/ 000518 6' planned, trials 1 amjﬁbﬂ@yﬁkﬂmmﬂs
strata A and B within each trial) have been conbi ned
as a bal anced addition, thereby preserving
random sati on. Randon1assignq§n1 to diets occurred
within 48 hours of birth using seal ed envel opes.
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cI i ni cgﬁ &Eg%‘lﬁ%wgé ﬂl:onr] oFBFH gt o Later dognitivs Hingtign and
adssBoveculidansBuate: MBQBQQ9W'H&UQMM%P¥0:2&3 nital
st aff{ng]{ln ge? ht for each week post nat a ag
cal T4 and B Mé%'éh)’f’%ﬂ é‘éﬁl‘eamcsnhg i ISOtﬂ:nhiEBI Norwich,

15 f | UCdnitiids) 'Shefftld B@idh

20

25

30

Iso avalla lLe a
di schargé fromthé neonat a: E fa ‘H%WOfthe
9- Bamg Age, Iyt bomyadderm a:&mlt}abmbaafgﬁt ama tﬁ@mﬁ Bfild,

e P . o e o i

father's occupati on) accor ding to the 25 Registrar

Ge'fﬁ?uﬁls %anq Frg cxl'n]; I\.’e%ractet rlagcﬂ)m ; as(,jsiegsncr Iutl) ?\g:o paralle]l randomised trials, to
different diets at birth. These trials compared a nutrient enriched preterm formula
(Ferley’s Osterprem, Farley’s Health Care, a division of HJ Heinz Company, L,
Stockley Park, Uxbridge, UK) versus the relatively 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 ferm formula (Farley’s Ostermilk).

Within each trfal {1 and 2) the diets were randomly assipned in two sirata: A) the trial
as diets alone and B) in mothers who elected to express their own milk; the trial diets
were assigned as st;pplements to mother’s milk (se¢ Table 1). To compare the
nutrient enriched preterm formula versus the lower nutrient diets, as originally
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Fol l ow-un The present followup at age 13-16 years

i nvol ved neasurenent of 4 key variables 30 (bl ood
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dilation, lipid profile and 32-33 WD 2004/ 068968

PCT/ GB2004/ 000518 7 split insulin concentrations (as

a nmeasure of insulin resistange.- see exanple 2).

Sanpl e size was estinmated to exclude a half standard
deviation (0.51)) differencein outcones between
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i ncinsligeatbohyskabddd 1 ow (reactive hyperaemia). The
resting and post-hyperaem c blood flow velocities in
the centre of the inaged artery were determ ned using
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20  staff and a mean weight for each week post-natally was caleulated to reduce
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inaccuracies arising from daily fluctuations in weight. Weights were also available at
discharge from the neonatal vnit, 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 mensurement of 4 key variables
(blood pressure, flow-mediated endothelial dependent dilation, lipid profile and 32-33



25 di aneter neasurenents i mediately after the scan

F; 2ﬁedure (for 1 mnute resting, 5 mnutes cuff
HPHOPBEF and 3 ni nutes post cuff defl ati onpcr/Bbmodlocosis
pressure was nonitored using an automated
oscillometric device (Accutorr, Datescope Corp. New
Jersey) and heart rate recofded using a three-|ead

el ectrocardi ogram (ECG linked to the ultrasound
machi ne. The reproducibility and detailed methodol ogy
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accurate to 1 nun (Holtain Inshvnents Ltd., Crymych,

UK) _and wei ght using electronic scal es accurate to 0.1
kg %Mﬂmmg, Germany). Measurenents were made

usi ng standard protocols by 10 one of two observers
trained in the techniques involved. Tanner stagi ng was
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%Q/}E‘:J’K?U system. The transducer was then fixed using a stereotactic clamp and fine
position adjustments made when necessary using micrometer screws. A pneumatic

20 cuff was inflated around the forearm to 300 mm Hg for § minutes followed by rapid
deflation cansing 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

25 | 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, Datescope Corp. New
Jersey) and heart rate recorded using a three-lead electrocardiogram (ECG) linked to

the ultrasound machine, The reproducibility and detajled methodology for measuring

30  FMD has been previously described. FMD was expressed as the absolute maximal
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Multiple linear regression anal yses were used to

qﬁéess associ ations between the rate of neonatal and
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of Ri rt hwei ght estation, birthweight z scote, g
di s@ﬁ%&%&ﬂﬂg“‘zé 050ci al class and neonat al

15norbidity. There were no statistically significant

differences in 15 nean FM) between random sed dietary
gr otiged watiohtsined hyenehineisredetvrn 0900 a1 100 5tk afl b P&HRBht fast,

i N I oW.,., .S0 background characteristics
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ical An

Multiple linear regression analyses wers used 1o assess associations between the rate
of neonatal and childhood growth {weight gain) and later FMD. Neonatal weight gain

25 was expressed as the absolute value and as the standard deviation score from

30

expected weight (7 score) using centiles for infants bom 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



20 FMD was significantly related to birthweigbt z

score and this association renmained significant after
a‘&?ﬁ@f’ﬁ@?ﬂs for potential confounding faCtOfS}_’éﬁ@ﬁom;ﬂmﬂs
sex, height, weight, fasting LDL concentrations, room
tenperature; social class and neonatal norbidity
expressed as the nunber of days. of ventilation or days

-in >30% oxygen) 25 (Table 2). Bifthweieht for
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Postnatal .wth and Later FMD Subjects who showed

weight gain in the first 2 weeks of |life had | ower

10FMDBesults 10 adol escence (mean, SD: 5.5% 2.6% tr65)

than those who had early weight loss (7.1% 3.5%
n=137; 95% Cl for difference = -2.4%to 0.7%

p<0 L 14 A ignificant results were obtained
af t %‘9’% %‘E%&néélnﬁ oo - Yegs Fistegmeresentativeafitbask owroited at birth in
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the nean for the popul ati

pr SRR Sbitfe analyses belew. Svaeriatigrotin QBbHctEakE § :
as jh g, chiange in z score for  weight betvveenfe%g%'ﬁ%%évm
di scharge or between birth and age 4 weeks) was
associated wth |lower FMD in adol escence and these

asmvpcg' 99& gtg%nna% L%icr ni ficant after

FMD was significantly rolated to birthweight z score and this association remained

significant after adjustment for potential confounding 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), '

Bi ight for Gestation and B ostnata]

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

birth to the second week postnatally (regression coefficient = -3L.6g per z score



adj ustnmrent for potential confounding factors (as

above) (Table 2). In contrast, growh 20 expressed as
tHR2HBMYE in z score for weight between di SRt A58 15
age 18 nonths, 1% nonths and 9-12 years, or between

9-12 and 13-16 years was not related to later FM
(Table 2). To better define-t{g period of neonat al

grow h that influenced |ater FMD, the period 25

between birth and discharge was divided into two
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confoundi ng factors (as above) (Table 2). To exclude
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20  expressed as the change in z score for weight between discharge and age 18 months,

25

30

18 months and 9-12 years, or between 9-12 and 13-16 years was not related to later
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
weck and between the second week and discharge). A greater growth rafe between

birth and the second wesk, but not between the second week and discharge, was
associated with lower FMD in adolescence and this association remuined significant

after adjustment for potential confounding factors (as above) (Table 2), Similarly,
greater weight gain in the first 2 weeks postnatally was associated with Jower FMD in



post nat al weeks bel ow t he popul ati on nedian (-51.0 Q)
(nean: 7A% SD:. 3.40%than those with weight gain

aB@ A Wehedi an (nmean; 5.7 /e, SD 2.9'% pPFOmRRAeh/Sosts
control subjects born at term (nmean 6.1% SD 2.8%
p=0.027) (Figure 2). However, 20 nean FMD in preteen
subjects with early wei ght gaiyy above the popul ati on
median did not significantly differ from control
subjects born at term Relative Contribution of
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dysfgm% I r data indicates

in humansé}ltg' raplcgp%tF%\ﬂf n?m%@ gtledr birth
has adverse consequences |ater in I|fe FMD was )
gre ] ohadaslovver rate of
gro . S relrend gmparisogps owt h, or,

15 rrportantly, in control subj ects born at term (FI\/D in

t he atter 2 groups did not significantly dlffer)

Th ei‘&aﬁ l‘_i"las E@ﬂﬁ' moidalyscents\boahmreteish aithGied m the first 2

igﬁ *’*f“%h o o e Eippﬁgﬁ nﬁﬁe&é&ém@%@? b 70 3,454 than
t weightsgaine a ¢ %0 -3, BAEDE g9 ééa'q?:) or
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O errod had 4o "fuﬁ‘gf'%eﬁ%“t ahty Wt et pfl foplflide o
%‘ﬁ ‘g“é@fﬁ“ﬁt y from control subjects born at teym,

Relative Contribution of Intra-uterine and Early Postnata] Growth to Later FMD

There was no significant inferaction between birthweight z score and weight change
from birth to the second week on later FMD (»=0.56). All measutes of postnatal

growth (as shown in Table 2), potential confounding factors (8s 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 cocfficients =-0.027 mm

25
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once i mTe?* efore anal ysi
con oY neasured usi ng a hexoki nase net hod.

32-33 split proinsulin, intact proinsulin and insulin

Example 2 The effect of Und routrition sulin Resistance,

20 The subjects were the same as in Example 1 and subjected to the same regime and

trials and 32-33 split insulin concentrations (as a measure of insulin resistance was
measured},

Semple size was estimated 1o exclude half a standard deviation in outcomes between
25  randomised dietary groups in esch of the triels 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 3% significance; and a minimum sample of
around 200 subjects for 70% power and 5% significance. A subset of 216 subjects,

which met our minimum criterfa, agreed io participate at our initial attempt at
30
recruitment and were found to be representative of the original population. For



15 concentrations were neasured in the | aboratories of
Prof essor Hales in Canbridge. Insulin concentration
WL 2084068%B ed using a one step cheni | umi nescewr/GB2004/000815

i mmunoenzymati c assay. Cross-reactivity with intact
proinsulin was |less than 0.2%at 400pnol/L and wth
32-33 split proinsutin, |less than 1% at 400pno| /L.

Intact proinsulin and 32-33 split proinsulin
concentrations were assayed using a tine 20 resolved
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f)m ???ggds%g@?,s split pr0| nsu rﬁg)gm% Wé‘%‘ﬁ@ children,

Res quresty apdithsir gTdvdianst i bodi es were | abeled with

Europiumusing the Delfia Europium]labeling kit

1244-302 ("Wallac, UK Ltd). The intact proinsulin
~assay typically shows | ess than 1% cross-reactivity

wi t Bischemisin and 32-33 split proinsulin at 2500
1 nmol /L and 400 pnol /L respectively. The 32-33 split
tgroi nsulin assay shows |ess than 1% cross-reactivity

E“&P&"%S“‘é“ﬁh%‘&%%‘%é? VBt beian Y0 o 03 e oveighe

pri Rizispawap sepeoted mmdam)mmmal,mhalm §t1-D6°@ Arfdl then at -80°C, and

conggl nor.al | dlstrlbuted
var | agJF&egﬁlg%B\/\een ran ééi%@é&“”d#%wga R 'Wa§ measured
St udsing ‘ashexdkitast eméthodSi IRB3t SDE Prinslin, tﬁ;ﬁbﬁ?}ohﬁ% and insulin

regressi anal yses weyg us to ,adjust differences

15 ot VERTHPRNAOTTS S SaF oL b BRorsiyss of Srofsawe s in Cambridge
di f fgiilin t e apdom sed, t 0
e T Y i

the | ower nutrient t were c
bo r memmwm Cstsmmﬁmx wiith iresdt prol@uliivhd Bisqhan 0.2% at

nsonprbPOTES WA 30 I byl BEC o, 7 8 ommol. Tntc
Ch. proivsidid grdod2-A3 (sphit ghvinsgidd Bdncemtibad Verd ASkYeliMusing 2 time
%erd ?fuommctnc assay (Delfia), The solid phase antibody, bound o 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 proinsﬁlh was
supplied by the National Institute for Biological Standards and Controls (Ist
International Reagent 84/611), and chromotography purified 32-33 spiit proinsulin
25 . donated by Lilly Research Labs. The antibodies were labeled with Buropium using
 the Delfia Buropium labeling kit 1244-302 (Wallac, UK Lid). The intact profnsulin
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.

30
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Neonat al wei ght gain was expressed as the absol ute
\é;ég&and as the standard deviation score from
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mass i ndex (BM) was expressed as the standard
devi Statigialsaatwisf r om expected BM (z score) using
national reference centiles. The distributions of
32-33 split proinsutin, proinsulin, and insulin
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25
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regression analyses represented the mean percentage change in insulin concentration
per unit change in independent variable. Regression analyses were adjusted for
potential confounding factors (sex, age, and BMI 2 score at current follow-up ‘and
necoatal morbidity -number of days in >30% oxygen and the mumber of days of
ventilation- and social class at birth). Statistical significance was taken as p<0.03 for
all significance tests, which were two tailed.



dietary groups at followup (Table 3). Main Effect:
Conpari son Between Random sed D A G oups 25 As
pVARMEE6Edol escents born preterm and randonmkEhesimedosss
nutrient enriched diet (pretermfornula) were
conpared with those randonmi sed to the | ower nutrient
diet (banked breast m |k or. gtgandard term fornul a).
Fasting 32-33 split proinsulin (but not intact
proinsulin, insulin or glucose concentration) was

gr eaemulien adol escents 20 randoni sed to the nutrient
enriched diet than those random sed to one of the two
| ower nutrient diets (Table 4). The effect sizes were

si m Aaalyses innbidilessmesBoin Preangon sed to preterm fornul a
conpared to banked breast mlk (trial 1), or preterm
formul a versus. tens forrrula(trial 2) (Table 4) as

gvi dptged Ghardc N f i dle by trial
interaction for Iaterm% e, tatbs&g‘ﬂ sﬁﬁl‘é‘i canit differences in
concfélﬁhWﬁE}ﬂfosﬁs@Bm(,maﬁddid dmaﬂoﬁ@t:oréhf 0 BEM! dofl fRFRge Veight, and

and n%&%tratl Thi s finer
j ust | f | es co 1"’%8’3"? I MaEP Bobgasienel gege 13-16
di f PEFeESls b Aammm refoctiagd of@Boledodt 198 a30n dhaual socil

(the interaction

| trat
bt vieoRn o ks fhe 2 5w b ot fe s (Table 1), Homeres

1(r oithee | vae Gﬁnﬁ dadt IdFRRenaS N e
signjficant; p= %ﬁﬁ?) 30 Irl#gn ex%f@%gto yt é?%@a@opmuy,
t he %éﬁagqﬁmediagﬂ, loser-gearls range:i4.5)psroaigly Iﬂnflgmlsed

con% W 200 968 PCT/ GB2004/ 000518
remai ned~signi f\ﬂ? (i‘?@%?) adj ust ment for birthweight
and gestation, and potential confounding factors (see

St aivi:gd Efabh- ARANE eqr i.on coef &oi cut =
18. m%rﬁﬂ%?&gu %@@@M@% p=0. 016).
1% |n the subsequent anal yses only 32-33 split and
[ nt E&%?d:gﬁwl in tggt not insulin or glucose
conce npt] Qlestents bomopipteme and randpiaised & atmitdehierihddy diet

fac(pmt&nﬁfonhﬁlh W leomPh® ‘iﬁsﬁ ented
Ef f gct 9 Y Post ngt al “i r%dgﬁlpgﬁirﬁcg[hfj{n@}rn ent diet
rF:a og’a?'fm M{RFﬁ& " P Frpdard tsrm fOWSBﬁWBSé?Gﬂ_?SEiﬂ?g?Mm (but not
20t ert ecl ?hgﬁﬁlﬁﬁ mSlint %P'k‘mc@}l.c g&nccnir n& was greater in adolescents
randomised to the nutrient enriched diet than those randomised to onte of the two
lower poirient diets (Table 4). The effect sizes were similar in adolescents

randomised to preterm formula compared to banked breast milk (teial 1), or preterm
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
25 (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 splis proinsulin concentrations wag not statistically significant; p=0.07)

30 In an explanatory analyses, the effect of diet on 32.33 split proinsulin concentrations
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wi th higher fasting 32- 33 split proinsulin and intact

pr oi ASEIRS Fignifinenl sl eniretnientl Epchiniendighfanlige$thal S potential

est al.l i al. .canf oundi actors (see
It at oMl bl RO Bl s 558D Eomersisa opeificicnt = 18.4%;
def i A&t ef giffcienw: 6% te0Ra%kab=molgyt h that influenced

| ater proinsulin 20 concentrations the period between
birth and di scharge was divided into two (between

Bi r t In the GulishRie s \WRB32- ; n, the second week
and di scharge). On %S grov%ﬁ%n%%lpﬁfgﬁﬁc???m?ﬁ%g‘ﬁél%mm or
ass o8lPense eengenitiatipnisgiree siprifitantiy roddedid teeatly fR Rk Afrfét@g% other
proimg_gm%%r ations in adol escence (Table 5). é
Neonat al gr owt 'S taken as a di chotonous vari abl e by
s wh showed wei ght gain in the
n=60)_ with those 9 had
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oY} YB‘%}[%S“ Fladal prowthqregraiuhikd hwrgbljglsgﬁtsauﬁﬁmgct roinsulin
pm'(:bﬂeen@éb;?s‘}gﬁ : ndglgterence: 30 24% 95% Cl forp

di fference = loEs dpne 8/ 4W0, py$ ofking gprly ipostnatad sanbwih s 2
wer EORNBUFYAT SHBe6S a BishtGRAROMINO518 - 17 obtai ned

for intact proinsulin (p=0.0003) (data not shown). The
differences in 32-33 split proinsulin or intact

15pr oArgrtatérmecutal @rivh ritd (SpRALREE R %ﬂ%ﬂﬁf\é\ﬁ%ﬂﬂg aigenin z

groups remmj hed significant after

Di 1 RUREAP HEleki et bisth apl disphadge) s bspbcitea 80 8y sting 2
r o3 nFbifka8n RiP; Latact, proinsulia). To

IE(gxcl ugghltp%be posg?_cgﬁgﬁ%%él% ‘E}(@Pﬁmﬁg@ %Pg%ﬁfﬂ!'éf_sﬁrﬂm:éght,

t o §FHieR @nipotestiel sphforndidyoton Gt Btitlcal Bl afiiVecTable 5),

I nftg fasting insulin concentrations,
assesse ?lﬁgﬂé the pétiod of neonatal growth that influenced later proinsulin

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

25

30

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). '

Neonatal growth was taken as a dichotomous verisble 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:

24%:; 959 ) =
o] 95% CI for difference = 6.6% to 41.5%; p=0.007). Similar results were



associ ation of weight gain between the m ni num wei ght
after birth and the weight in the second week with

IVEQ O+BHBNsul i n concentrations. (Treater Wecg/un20mio00518
during this 10 period was associated with higher 32-33
split and intact proinsulin concentration in

adol escence i ndependent of Bi ntzhwei ght, gestation and

pot enti al confounding factors (as above) (Table 5).

To assess the influence of postnatal growth beyond the
neongliainedytr jmdest mlnselueﬁ:——o memo (dntarm Ishown). The differences in 32-33

conc I wa ress s the change in
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reI a@é%f?% RIEP@WM?@ foisalist). proi nsulin

goncentrati ons. Furtherm)re m)re rapid growh in the
first 2 weeks postnatally was associated with greater

32- 3B g:mludte tpc pmamblﬂtjr ﬂm:cpommam waighDlbss fuedQ fluid shifts rather than

adol out . adj ystpgent for current
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of erasdciation mm@mmwﬂ:eﬁnw WeiBt QREYHH And the weight in

con on I ndependent of wei gai n during
chi ﬁﬁ%}%g%ﬂ ?‘é‘@ﬁ’ %ﬁ%‘&t"&ﬂ %bmmt gain dunng this

10Pr oipasied Wwhs SBOGARE Witk highs 120 ¢ }8 GREG o@@ﬁ%%hé& fon in

of antenat al rowt h we "assesse ass
bet \Répscense in idgittof hothweizht, ghstﬂimn and pbieitRl confounding factors

pr oi ntrations. Only fasting proinsulin
B R

(but” no plit proinsulin) concentration in
adol escence was negat ively associated with

conf Sutehsod 1268 of FeSRag Bty rencopatampriod on ler

1szoopfoﬁxﬁemﬁeodaﬁaamogéﬂvmw& sod s tMbald %?9&%% YoF weight

expgrl mental study was desi gned to asses
i nf PER¥ATe 8 ap agml&mpnms;rwamﬂﬂmm %Y gtialy 85 balvédn 9-12

ri skpd “Fg at a Q| e s, born preter

who m?giﬁigo*r;‘%géég B u’l"' i’h elainddp lateradp-33 split or

rec’é’@'ﬁ‘ﬁ ;f;@wsﬁgl @ubmp&thmll? 0i n 0ﬁrqu:“éncent irhatthgﬁﬂzf;lp‘lr ceks
i i |

rm er i nsul Hagteg gPeat 3 split proinsulin concentration in

20 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 Proinsutin Concentrations

25
To explore the influence of antenatal growth we assessed the essocistions between
birthweight for gestation and later proinsulin concentrations. Cnly fasting proinsulin
(but not 32-33 split proinsulin) concentration in adolescence was negatively
associated with birthweipht z score independent of potential confounding factors (as
30  above) (Table 5).
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of claiml1, wherein said formula is for avoidance of
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3. The use of claim 1 or 2, whexedn said long-term
adverse health-effacts axec vasoulixr. |
%, The use of colaim 3, wharain said lomg—texm
' adverse health effacts azxe devglopmant of

athexcuaclerosis. _ ) _
5 The use of claim 1 or 2, wheredn gaid long-tern

adverse health effects are ingulin :as:!.ste.nue and
pon~inaualin dependent diabetes QLDEM) .

6. The use of any preceding alair, in which piotein
is selected Ixom bovine  casains, whey proteins
and individual proteins thaxaof, alpha~casein, &~
cazein, kappa-cas«m r alpha-lact:a].bumin PR -
laataglobulin, sexrmm albwnin, lactofarx.i-.n,
imnunoglohms and. combinationa of these proteins
and algo mixtures of these with other protoins.

7. The use of any praceding claim, in which the
energy is in the form of carbohydrats and/er Eat.




