Supplemention of Maternal Diet Field of the Invention 5This invention relates to the use of probiotic
bacteria in the manufacture of a nutritional supplement or special dietary food for pregnant women to
normalise plasma glucose concentrations, increase insulin sensitivity and reduce the risk of development
of gestational diabetes. 10 Background to the Invention Pregnancy is associated with metabolic
adjustments including weight gain and changes in glucage and lipid metabolism. This regulatory
fine-tuning takes place to support foetal growth and consequently a successful outcome of pregnancy but
they 15 may have long-term effects on maddiessatiomet paternal el gisturbances in glucose
metabolism. Early pregnancy is characterized by normal tolerance to glucose and insulin. In late
pregnancy, by contrel;sl'é1 inﬂ]%rgl?senlpogerum insulin concentration accompanied by 20 the development
of insulin resistance s obServed: These metabolic adaptations support foetal growth by shunting
metabolic fuels to the foetus instead of the mother. However, in some pregnant women this adaptation

process is exaggeraigfleaoing o jipalred glucpedpigiaice. Hhasaandividualsaue,an gpcyeased risk

of developing gestational diabetes mellitus and consequently adult Type 2 diabetes mellitus. 25 Impaired
glucose metabolism THE R AP WERTAPRF I Siatiaterf With PHESBS ONIRSN P rRK B iisspaired

glucose tolerance infhgmehidthcbhesencongitions majesieVviakm:e veikivhien snatenrkoncese @lerance is
within normal reference [anges i.?. n?t clasls&fi%d as gestational diabetes mellitus. This pathophysiology -
€ gestational diabetes

higher than optimal g Ucode eél%}e s&55" more ToRmon than might be anticipated and 30constitutes a

leading cause of cardiovascular mortality in this group. -2- There is therefore a need to provide methods

to reduce the rigk of ﬂg&%@mgqhgﬂgﬁﬁt@ﬁ@ml diabetes and impaired glucose tolerance in pregnant
women.

Pregnancy is associated with metabolic adjustments including weight gain and
changes in glucose and lipid metabolism. This regulatory fine-tuning takes place to
support foetal growth and consequently a successful outcome of pregnancy but they
15 may have long-term effects on maternal and child health such as disturbances in

glucose metabolism.

Early pregnancy is characterized by normal tolerance to glucose and insulin. In late
pregnancy, by contrast, an increase in serum insulin concentration accompanied by
20 the development of insulin resistance is observed. These metabolic adaptations
support foetal growth by shunting metabolic fuels to the foetus instead of the mother.
However, in some pregnant women this adaptation process is exaggerated leading to
impaired glucose tolerance. These individuals have an increased risk of developing
gestational diabetes mellitus and consequently adult Type 2 diabetes mellitus.
25 Impaired glucose metabolism in a pregnant woman may be associated with
macrosomia and risk of impaired glucose tolerance in her child. These conditions
may develop even when maternal glucose tolerance is within normal reference
ranges i.e. not classified as gestational diabetes mellitus. This pathophysiology -
higher than optimal glucose levels - is more common than might be anticipated and

30 constitutes a leading cause of cardiovascular mortality in this group.



Summary of the Invention 5 The inventors have conducted a study investigating the effect of a daily oral
supplement containing probiotic bacteria on plasma glucose concentration and insulin sensitivity during
and after pregnancy in conjunction or not with dietary counselling. They have further investigated the
efficacy of specific probiotic 10 bacterial strains and combinations of strains. During these studies, it was
surprisingly found that plasma glucose concentrations were lower and insulin sensitivity was improved in
the probiotic supplemented group, particularly during the third trimester of pregnancy. It was further found

that post partum bodPeBmbESEREProf tReHrodistdupsibae g BrsUbUitfs-al drsrrmRtbdhe other

groups in that body fgdsihiamavidensed Dynpkirefiolth thickorsmanth pirigteirGwmiarence was lower in the
probiotic supplemented group. Accordingly, in a first aspect the present invention provides the use of
probiotic bacteria in the manufacture of a composition for administration to a woman in at 20least the third
trimester of pregnan&yrionpre vé tiiohmeérgestational diabetes. In a second aspect, the present invention
provides the use, of probiotic bacteria in the manufacture of a composition for administration to a woman
in at least the third trimester of pregnancy for normalising plasma glucose concentration. 25 In a third

aspect, the present ihDeIiSFYSVIHES FRORGE! Hrofbbtidatiariim thie siisFuRicfurd 3y LEmposition

for administration to aiyyhRAt in@ithedss theotiretrinestier of pyrRenangy.dedeinprosingtiosudinisensitivity.
-3- trimester of pregnane and for.?t Ic?uarlst thr%‘ea;ﬁonths after deliveri/ for.reducin thehriﬁlf tof development
' sto

of metabolic syndrorhntg}1 RETAVERTioN extent 8 Phehta o Ibrceo\f1 lﬁl%lcrtllénbé)étg |or‘ivéf diabétés by
providing to 5 a wonrannsebinieadhtiye ihid trirttestenchpgeigdaticy éffiteed tiierpefificcomopagition

containing a thegapeylicamanmLOhRIBIRBRARGIEHALIIR IBYSRUQRLUNRISIERNESIa R

Hh?i od of
reducing plasma glucose concentration and/or improving insulin sensitivity in a woman in a Eaast the third
trimester of 10 pregriaits thahe&i e BBEOBY PROJABIRE WStRETSrégMEnt oL KaRfpEsItisAS containing a
therapeutic amount ehpreliotic taagiebt RepNveRIRA aisepe)tends-ioyamathed fbidedueing the risk of
development of ..
of pregnancy. It was further found that post partum body composition of the
probiotic supplemented group differed from that of the other groups in that body fat
15 as evidenced by skin fold thickness and waist circumference was lower in the

probiotic supplemented group.

Accordingly, in a first aspect the present invention provides the use of probiotic
bacteria in the manufacture of a composition for administration to a woman in at

20  least the third trimester of pregnancy for prevention of gestational diabetes.

In a second aspect, the present invention provides the use of probiotic bacteria in the
manufacture of a composition for administration to a woman in at least the third
trimester of pregnancy for normalising plasma glucose concentration.

25
In a third aspect, the present invention provides the use of probiotic bacteria in the
manufacture of a composition for administration to a woman in at least the third

trimester of pregnancy for improving insulin sensitivity.

30 In a fourth aspect, the present invention provides the use of probiotic bacteria in the

manufacture of a composition for administration to a woman in at least the third



metabolic syndrome comprising administering to a woman in at least the third 15 trimester of pregnancy
in need thereof a composition containing a therapeutic amount of probiotic bacteria and continuing
administration of such probiotic bacteria for at least three months after delivery. After delivery, the
composition may be administered to the infant via the breast 20 feeding mother or the probiotic bacteria
may be administered directly to the infant either in a spegific formulation or in a nutritional composition
such as an infant formula. Without wishing to be bound by theory, the inventors believe that the profound

25 impact of the gut FiRFIBItA IREHE oI, Irathiietdy Frétdbirmnier theFBetthas only

recently begun to unfayel Rrehiptichattedamwan pyagessdietary polysaccharides, indigestible by human
enzymes, adding both to the pool of intraluminal absorbable glucose and to locally effective short chain
fatty acids which are capable of interacting between the bacteria and the host. The presence of 30
probiotic bacteria in e guentienchiotal etelramctw ¢ hiqosecals posioncas! aab eebydemahisgréted by

conventionalizing gnptoBighe;migadeadingie Adast devaloppeRoimipvill.ag mel.as shhanced glucose

storage in adipose tissue by suppressing the -4- Fiaf (fasting induced adipocyte factor) gene transcription
leading to enhanced BB hthgraBerdeangreT AlRIGES hséTitice are substantially leaner than
conventionally raised mice even with higher energy consumption. It is reasonable to believe that improved
glucose scavenging ?,Hd.incr torage in adi e 5 was essenti eriods of food

. . c 1n\fen%%§1ef9% er extends, to g %Se%lgﬁso% re%u?_lln&l\}j asma. alI dgsrénc%r%e{ltr?tlton ..
deprlvatlon, such as were requently endure by our ancestors. ever, | € current state of nutritional
abundance at least ianthier dexretopad insotld, streiindigencus baesterinatdmysndeethitd iniimtgieadditive cause

of obesity, sugggsting an alfagiive.mase.for ipepvsntion by medfication afmisrapioiaanditius glucose
metabolism by probiotics.
containing a therapeutic amount of probiotic bacteria.

The invention also extends to a method for reducing the risk of development of
metabolic syndrome comprising administering to a woman in at least the third
15 trimester of pregnancy in need thereof a composition containing a therapeutic
amount of probiotic bacteria and continuing administration of such probiotic bacteria

for at least three months after delivery.

After delivery, the composition may be administered to the infant via the breast
20 feeding mother or the probiotic bacteria may be administered directly to the infant
either in a specific formulation or in a nutritional composition such as an infant

formula.

Without wishing to be bound by theory, the inventors believe that the profound
25 impact of the gut microbiota on the physiology, immunology and metabolism of the
host has only recently begun to unravel. Probiotic bacteria can process dietary
polysaccharides, indigestible by human enzymes, adding both to the pool of
intraluminal absorbable glucose and to locally effective short chain fatty acids which
are capable of interacting between the bacteria and the host. The presence of
30 probiotic bacteria in the gut microbiota enhances glucose absorption as has been
demonstrated by conventionalizing gnotobiotic mice leading to a fast development of

microvilli as well as enhanced glucose storage in adipose tissue by suppressing the



10 Western societies have been faced with a substantial increase in the burden of cardiovascular
diseases. Metabolic syndrome which may be defined as a combination of obesity, high waist
circumference, altered glucose metabolism and insulin resistance and abnormal blood lipid levels often
precedes the development of 15cardiovascular disease. Further, as maternal glycaemia is also
associated with macrosomia and a risk of impaired glucoge tolerance in the infant which may develop
even when maternal glucose tolerance is within normal reference ranges, i.e. not classified as gestational

20diabetes mellitus, ¥5 {fasiAge dnesf AdPraie Reticrsremsrsciiiivn Imdive Brictbaselption of the

Drawing Figure 1 shepisi#ie epabdtianiofiherplasrpaglucesatencentiataasafiinecthteedsindy 25

groups with time from,(he fret fimester otprednanay o e end of (he [ollow up 112 mapths post
partum. Detailed Description of the Hvention 301N this Speciication, the fl%v‘vmg {erms have the following

meanings:- 'infant’ medinscatichilinpnded thivage shighgiontisl imsreipedbittietameadpsictobial cell
preparations or gomponents, 0f MHAPIH. RIS M ARERERA ﬁﬁﬁ%%@%&gﬁﬁﬁyp&mﬁﬂwg of the
e

host. (Salminen S, Ouwehand A. Benno Y. et al "Probiotics: how should they be défined" Trends Food
Sci. Technol. our ancestors. However, in the current state of nutritional abundance at least in the

developed world, the indigenous bacteria can, indeed, turn into additive cause of
obesity, suggesting an attractive mode for intervention by modification of microbiota
and thus glucose metabolism by probiotics.
10

Western societies have been faced with a substantial increase in the burden of
cardiovascular diseases. Metabolic syndrome which may be defined as a combination
of obesity, high waist circumference, altered glucose metabolism and insulin
resistance and abnormal blood lipid levels often precedes the development of

15  cardiovascular disease.
Further, as maternal glycaemia is also associated with macrosomia and a risk of
impaired glucose tolerance in the infant which may develop even when maternal
glucose tolerance is within normal reference ranges, i.e. not classified as gestational
20  diabetes mellitus, this treatment may also have beneficial effects for the infant.
Brief Description of the Drawing
Figure 1 shows the evolution of the plasma glucose concentrations of the three study
25  groups with time from the first trimester of pregnancy to the end of the follow up at
12 months post partum.
Detailed Description of the Invention

30 In this specification, the following terms have the following meanings:-

"infant" means a child under the age of 12 months.



51999:10 107-10). All references to percentages are percentages by weight unless otherwise stated. The
probiotic bacteria are administered to the pregnant woman during at least the 10 third trimester of
pregnancy. Preferably, however, they are administered also during the second trimester and even more
preferably for the full duration of the pregnancy. Administration of the probiotic may continue after
delivery for the first four to six months of the life of the infant. After delivery, administration may be either
via the 15breast feeding mother or directly to the infant. The probiotic bacteria may be any lactic acid
bacteria or Bifidobacteria with established probiotic characteristics having particular regard to adhesion
and competitive eXC|U151i&51cm’@pﬁéﬁﬁ§n&ﬁﬁﬁﬁl&ﬂ[%@ﬁﬁiﬁﬁﬁ%ﬂ%@&ﬁﬂﬁ@fﬁﬁib&dﬁiﬂ&&ﬂc‘iﬁbﬁcmus

rhamnosus ATCC 53103 inter I| from Valio der the t LGG and
Lactobacillus rhamno]sbus %b ??@ f‘??%ﬁ% able’ %ﬂo ell(rjl coégedo% erla S ragris{?ncfuﬁeéBAﬂdobactenum
lactis CNCM 13446 sbédrint¥r eflial B?Iﬂb@dmnlaumm&ﬁsdmcbﬁmﬁmy@fhemmﬁmdjﬁderTﬁiv@toade mark Bb
12, Bifidobacterigim lopgliy AFGe BAA-999 sold by Morinaga Milk 25 Industry Co. Ltd. of Japan under
the trade mark BB536, the strain of Bifidobacterium breve sold by Danisco under the trade mark Bb-03,
the strain of Bifidobacterium breve sold by Morinaga under the trade mark M- 16V and the strain of

Bifidobacterium breveispitbychstitiérRoasaib{ballpmanadesier theiiatde nak-ReO fated6- Preferably, a
mixture of probiotic lactic acid bacteria and Bifidobacteria is used. A particularly preferred mixture is equal

quantities of Lactobacillus rhamnosus CGMCC 1.3724 and Bifidobacterium lactis CNCM 1-3446. 5A
suitable daily dose ofheeppriobictibaoecie dee isdirons boabttothO eré¢gneai omynforrding giritdefsfuhiemore

preferably fromydOe yipdieh&l: ShaRiohiRleRACIEiR MAY.pe A inisteiRthia Aol hesrfgnant woman
before birth and to the mother after as a supplement in the form of tablets, capsules,
the second trimester and even more preferably for the full duration of the pregnancy.

Administration of the probiotic may continue after delivery for the first four to six
months of the life of the infant. After delivery, administration may be either via the

15  breast feeding mother or directly to the infant.

The probiotic bacteria may be any lactic acid bacteria or Bifidobacteria with
established probiotic characteristics having particular regard to adhesion and
competitive exclusion properties. Suitable probiotic lactic acid bacteria include

20  Lactobacillus rhamnosus ATCC 53103 obtainable inter alia from Valio Oy of
Finland under the trade mark LGG and Lactobacillus rhamnosus CGMCC 1.3724.
Suitable probiotic Bifidobacteria strains include Bifidobacterium lactis CNCM I-
3446 sold inter alia by the Christian Hansen company of Denmark under the trade
mark Bb 12, Bifidobacterium longum ATCC BAA-999 sold by Morinaga Milk

25  Industry Co. Ltd. of Japan under the trade mark BB536, the strain of Bifidobacterium
breve sold by Danisco under the trade mark Bb-03, the strain of Bifidobacterium
breve sold by Morinaga under the trade mark M- 16V and the strain of
Bifidobacterium breve sold by Institut Rosell (Lallemand) under the trade mark
R0070.

30



10 pastilles, chewing gum or a liquid for example. The supplement may further contain protective
hydrocolloids (such as gums, proteins, modified starches), binders, film forming agents, encapsulating
agents/materials, wall/shell materials, matrix compounds, coatings, emulsifiers, surface active agents,
solubilizing agents (oils, fats, waxes, lecithins etc.), adsorbents, carriers, fillers, co-compounds, dispersing
15 agents, wetting agents, processing aids (solvents), flguing agents, taste masking agents, weighting
agents, jellifying agents, gel forming agents, antioxidants and antimicrobials. The supplement may also
contain conventionafﬁ?fﬁﬁ‘ih]a’eédﬂeﬁ%?d%ﬁtm@@%ba‘a]&\?&H‘t?,aétfé'ﬁ)?éﬁk?é%ﬂ’?ﬁ?fféﬁ‘té? itethiding, but not
limited to, water, gelgtine0idnypesigiredvegetakleigunsalligoinsidéonatel talebstigays ianediugum 20
arabic, vegetable 0|I_% lé‘é”%%fa%’%ﬂ%’oﬂ?&%”n@ a%?@ﬁc%ﬁ?}eﬂét'ves’ stabilizers, emulsifying
agents, buffers, lubricants, colorants, w ilng agents, fifiers; and the like. In all cases, such further
components will be selected having regard to their suitability for the intended recipient. 25 Alternatively,

the probiotic bagferia\raay,be é‘ﬂ[}?i&%&%ﬁﬁé%ﬂﬁ&ﬁ@ﬁ%c%ﬁ@ﬁ"fﬂ&&%lef?‘EB“l@I: ql_ztlggfm%ﬂgtritional

composition. The composition may be a nutrltlonal(l%{?comé)éite formula. A nutritionally’complete formula
for administration to PHHYFAR: WErher Sedvding 081 0ehtidh may comprise a source of protein. Any
suitable dietary protein may be 30 used for example animal proteins (such as milk proteins, meat proteins

and eg proteins); vagetable profeins (such pe spy protein wheat proteln, fce protei and pea protein)
mixtures of free amino aglas, or comoina |8’ns t?ﬁereo ﬁ proteins SEI(?I% -1}- as casein and wney, and soy

proteins are particulady prefierrewiifhertampositionansayrdsemontdir agouree ebletxboipydiates and a
source of fat. If fhe farmufa ingludes fgﬁﬁ%?% & draddisigpiiothe B 135 S ouERE: REsigRAblY S

provides 5% to 40% of the energy of the formula; for example 20% to 30% of the energy. A suitable fat
profile may be obtaiéef{s&irfy AT AT Bi1 2B BRERS HgHIBRS Statseslirieles SilmA source of

carbohydrate may becagdded t:the fosmuaulbiprefesably pavides 4Q%itendi0 8anikhe gaergy of the

formula. Any suitable carbohydrate may be used, for example sucrose, lactose, glucose, fructose, corn
cirate may be ysed, for example sucrose. laptose, lucose, fiy

syrup solids, maltodEXPRAS. afid Hixties %ue?lebefslbiself%?ﬁeﬁ Fe iy Aiso Ye'3adee if désir .sbietary fibre

passes through the datalwatestiteitmadigesteddypdaatymesrand fullations-asmpaaiisadispdking agent and

laxative. Dietarydfibre gy Re.goltRle.of INSRIURLE: 24D AGREEA)2 E&%leg’g‘é’ﬁtg)‘%g%%o IVRER S preferred.

Suitable sources of dietary fibre include soy, pea, oat, pectlg\iuar gum, gum Arabic,

fructooligosaccharidégsyalarstlifo saeeiialrdBy RgaRgcstcsd 1T HRgaseeharirzddgatsa from animal
milks. A preferred fibggiblemnebisia nmdusepianiactarsligpsacehaditesowithsdiart ghaimaceutical
uctooligosaccharideg, Preferzbly | fore s ReSent, 6 212 SoNhLis SPPRR 2N 4.
gelatine of any origin, vegetable gums, ligninsulfonate, talc, sugars, starch, gum
20 arabic, vegetable oils, polyalkylene glycols, flavouring agents, preservatives,
stabilizers, emulsifying agents, buffers, lubricants, colorants, wetting agents, fillers,

and the like. In all cases, such further components will be selected having regard to

their suitability for the intended recipient.

25  Alternatively, the probiotic bacteria may be administered to pregnant women in the
form of a therapeutic nutritional composition. The composition may be a
nutritionally complete formula.

A nutritionally complete formula for administration to pregnant women according to
the invention may comprise a source of protein. Any suitable dietary protein may be

30 used for example animal proteins (such as milk proteins, meat proteins and egg
proteins); vegetable proteins (such as soy protein, wheat protein, rice protein, and pea

protein); mixtures of free amino acids; or combinations thereof. Milk proteins such



20 g/1 of the formula as consumed, more preferably between 4 and 10 g/1. The formula may also contain
minerals and micronutrients such as trace elements and vitamins in accordance with the
recommendations of Government bodies such as the USRDA. For example, the formula may contain per
daily dose one or more of the 25 following micronutrients in the ranges given:- 300 to 500 mg calcium, 50
to 100 mg magnesium, 150 to 250 mg phosphorus, 5 t0.20 mg iron, 1 to 7 mg zinc, 0.1 to 0.3 mg copper,
50 to 200 utg iodine, 5 to 15 utg selenium, 1000 to 3000 utg beta carotene, 10 to 80 mg Vitamin C, 1 to 2
mg Vitamin B1, 0.5 t& f?Seﬂﬂg*“\%féih% B, 0PIE M T/ RAFHRIBY, B EIH! 1gSFRERCTBISRESY0 utg
Vitamin B 12, 100 t0.8QQ stighiiohic acid, 03Q3dsaydeatégahiotisuukctood futg Vitamin D, 3 to 10 U Vitamin E.
-8- One or more food grade emulsifiers may be incorporated into the formula if desired; for example
diacetyl tartaric acid esters of mono- and di- glycerides, lecithin and mono- and di-glycerides. Similarly
suitable salts and stdbilisdpsnmabyidude adedsBrThe fatdida is hrefdldblihe fitesalicapieigthable; for
example in the 9rm 3 BRvdzt S0l GRIRILURR WA AENGHETThE R bR Beslaiamay be

conveniently administered to infants in an infant formula. An infant formula for use according to the
present invention m&JE8htaT U pfeterdsure ff ahtarfdutiies AdIsdRL 838l Blgretbrtal,
preferably 1.8 to 2.0 g/d Okcakid hadyperoefpreigin is not believed to be critical to the present invention
provided that the minimum requirements for essential amino acid content are met and satisfactory growth
is ensured although it is preferred that over 50% by weight of the protein source is whey. Thus, protein
sources based on whesgueesefvahehpdiata nesylls: thiskelob hayfdrendsel ersfrelil aproradesrt8buices based

on soy. As far a5 wheyProieins A8 SOBEFRSHINE.PRISIN SauTee. Mav. i Rased an. agidiwhey or sweet

whey or mixtures thereof and may include alpha-lactalbamin and beta-lactoglobulin in whatever
proportions are desifégmPlr THEDYOtEAS Tha e htdRtcHs Ry 8PEly SEHoP A fixRAECEsTHIASt 3MH hydrolysed

proteins. It may be desitakie d@suppdeastialychydiolysedprateinss (degte Didywrabisiphctween 2 and

20%), for example fo infaﬂt% belie\{ed to.be at risk o& gevelo in ¢q s' milk allergx. If OH{OI sed proteins
. r?u the smal 1ntestube undigest Yenza [ aa unctions as a natural bulki
are required, the hyo}roy S process may be carried out as desired and as is known'in the art For

gxample, a25 wheyq@@lﬁeinmlﬁdwm@@mflb@ pnepaﬁed)l_uylermzmghmwddymrg@ysmgath@mmy frgc_tion
in one or more feps, dtihewhey rachrusgdqsdbe siarbing matesial dsaubsiantially jagiase free, itis

found that the protein suffers much less lysine blockage during the hydrolysis process. This enables the
extent of lysine blocRsgEtoPe rédlibed fomabisutiustrobyarrserigetotat Rdmeligiacdiidrsabout 10%

by 30 weight of lysingaf@rigxasepierbngtsideray weigkiwilysine winied arardly Ampeayes tigoutritional
quality of the prOtelnb?gnlgC?é a mixture of galacto-oligosaccharides with short chain fructo-
oligosaccharides. Preferably, if fibre is present, the fibre content is between 2 and 40

20 g/l of the formula as consumed, more preferably between 4 and 10 g/1.

The formula may also contain minerals and micronutrients such as trace elements
and vitamins in accordance with the recommendations of Government bodies such as
the USRDA. For example, the formula may contain per daily dose one or more of the
25  following micronutrients in the ranges given:- 300 to 500 mg calcium, 50 to 100 mg
magnesium, 150 to 250 mg phosphorus, 5 to 20 mg iron, 1 to 7 mg zinc, 0.1 to 0.3
mg copper, 50 to 200 pg iodine, 5 to 15 pg selenium, 1000 to 3000 pg beta carotene,
10 to 80 mg Vitamin C, 1 to 2 mg Vitamin B, 0.5 to 1.5 mg Vitamin B6, 0.5 to 2 mg
Vitamin B2, 5 to 18 mg niacin, 0.5 to 2.0 pg Vitamin B 12, 100 to 800 pg folic acid,
30 30to 70 pg biotin, 1 to 5 pg Vitamin D, 3 to 10 IU Vitamin E.



-9- The infant formula may contain a carbohydrate source. Any carbohydrate source conventionally found
in infant formulae such as lactose, saccharose, maltodextrin, starch and mixtures thereof may be used
although the preferred source of carbohydrates is lactose. Preferably the carbohydrate sources contribute
between 35 5 and 65% of the total energy of the formula. The infant formula may contain a source of
lipids. The lipid source may be any lipid or fat which is sigtable for use in infant formulas. Preferred fat
sources include palm olein, high oleic sunflower oil and high oleic safflower oil. The essential fatty acids

10 linoleic and a-lincteKiCHRRF e a5t H et ar S AN pF dpraiPeittetiHte drofReeBlttidfigigh quantities
of preformed arachidonigagisl @od @egasahexaeiioistasi @ Sueh @safighdpilg aremdesp Niaitgidsada total, the fat

content is preferably such as to. contribute hetween 30 to 5 ? of the total ener ofih formula. The fat
ource preferably NS AHBtay R oS A A Gt & ebes T8 e s bie about 8: 1
to about 10: 1. The infant formula may also contain all vitamins and minerals understood to be essential in

the daily diet ang in Rytritignally Siopificant araunls, MiRimumyedvienents haysiRermesiablished for

certain vitamins and minerals. Examples of 20 minérals, vitamins and other nutrients optionally present in
the infant formula in@eESyRAHirr AstitEipR B MERAIRED, vitamin B6, vitamin B 12, vitamin E, vitamin
K, vitamin C, vitamin D, folic acid, inositol, niacin, biotin, pantothenic acid, choline, calcium, phosphorous,
iodine, iron, magnesleilrQ, copper, inc, man anese chloridle tassium, sodi selenium, chromium,

molybdenum, taurine, and T ce%tl e nera‘fgnavre(-{-l lﬁ‘éh%{@‘?%‘a% rﬁ'(li §8|t1 Lé{a:r]lntls. 3on3%1élﬁce and
amounts of specific roimaralsAani ot éorvitd miosuad| hvandide e tidi pgeosn they imtendedyinfartdipapulation.
-10- The infant frmyamay QRECHRUY, GAAD AhSE SHSRRReSDIStRYRAURRY 1.8 to 2.0
g/100kcal. The type of protein is not believed to be critical to the present invention
provided that the minimum requirements for essential amino acid content are met
and satisfactory growth is ensured although it is preferred that over 50% by weight of
the protein source is whey. Thus, protein sources based on whey, casein and mixtures
15  thereof may be used as well as protein sources based on soy. As far as whey proteins
are concerned, the protein source may be based on acid whey or sweet whey or

mixtures thereof and may include alpha-lactalbumin and beta-lactoglobulin in

whatever proportions are desired.

20 The proteins may be intact or hydrolysed or a mixture of intact and hydrolysed
proteins. It may be desirable to supply partially hydrolysed proteins (degree of
hydrolysis between 2 and 20%), for example for infants believed to be at risk of
developing cows' milk allergy. If hydrolysed proteins are required, the hydrolysis
process may be carried out as desired and as is known in the art. For example, a

25  whey protein hydrolysate may be prepared by enzymatically hydrolysing the whey
fraction in one or more steps. If the whey fraction used as the starting material is
substantially lactose free, it is found that the protein suffers much less lysine
blockage during the hydrolysis process. This enables the extent of lysine blockage to
be reduced from about 15% by weight of total lysine to less than about 10% by

30 weight of lysine; for example about 7% by weight of lysine which greatly improves

the nutritional quality of the protein source.



beneficial effect such as fibres, lactoferrin, nucleotides, nucleosides, and the like. Both the infant formula
and the nutritional formula described above may be prepared 5 in any suitable manner. For example, they
may be prepared by blending together the protein, the carbohydrate source, and the fat source in
appropriate proportions. If used, the emulsifiers may be included at this point. The vitamins and minerals
may be added at this point but are usually added later togavoid thermal degradation. Any lipophilic
vitamins, emulsifiers and the like may be dissolved into the fat source prior 10 to blending. Water,
preferably water whidHh ¥ A aUK cBAd I U0 et B 'BShYTEIE ARMIFtheH B HIRBYAoSRYYAS a liquid
mixture. The temperasuteriotd yalgidsCoafuenientlylabauwh580 daaboHc8hote, aithiigpeaisal of the
ingredients. Commercially available liquefiers may be used to form the liguid mixture. The liquid mixture is
thor homogenrsed: 1 S le T IO SUISEL! 16 n ot ie ) B B el Ty foated t

reduce bacterial loadsriphydpidbyiheating. tPreficabily thixtarbolny dragnsperatuceniniboe tatgecnf3about 80C to
about 150C for about,iy ggwggﬁgqowg%r%{gmHg%nmlgxample. This may be carried out by steam
or

injection, autoclave or by heat exchanger; for example a plate 20 heat exchanger. Then, the liquid mixture
may be cooled to about 60C to about 85C; for example by flash cooling. The liquid mixture may then be
again homogenised;Ta¢ Bxamplainiiwe pagesat aheet d0iMRa Taabsu3ddRajnhafilgistage and
about 2 MPa to 25 abogt[ %V(Plil\/llll?a in tq) esf%?ond.stagaeﬁt'gle lt}lggngg&ms%df mixture ma?l_}l/uggen be further

or 1S suita sein 1 rred 1at Sources 1n alml.
cooled to add any heat sensitive components; such as vitamins and minerals. The p solids content

of the homogenised @iﬁktuhe_@hr@mw@dmﬂpiadjulsh@laﬂ¢m§qdﬂmceﬂﬁfﬁémmog?érfmedam&sture is
transferred to & guitahle; dtying APRACAME SUED A%,2 AR5 JLIRILQr Le52e dhieh anchaRRVEFieHsto powder.

The powder should have a moisture content of less than about 5% by weight. The selected probiotic
bacteria may be cult6PB@aEEoRAR 8 AHgSsefiteisieFedrBer Aidanir st saddrertahtsactetheacitutritional or
infant formula by fregzardiy g ofisRiay@eying Jos. axamplendtaroativalyis pastatalprepasations can be

bought from 5 specialist suppliers such as %lristi Hansen and Valio alrea ed in a suitable
form for adionto 00 BAABLERS B e e TR e R 1o 58818 ey e
added to the formulainferatdymbamt betwaednmi®ed ar3dfie bRidfw gowdér, Imorehprefé fablyfdretween

10e7 and 1061?5CfU/&89¥Y9%0ut 8: 1 to about 10: 1.

The infant formula may also contain all vitamins and minerals understood to be
essential in the daily diet and in nutritionally significant amounts. Minimum
requirements have been established for certain vitamins and minerals. Examples of
20  minerals, vitamins and other nutrients optionally present in the infant formula
include vitamin A, vitamin B 1, vitamin B2, vitamin B6, vitamin B 12, vitamin E,
vitamin K, vitamin C, vitamin D, folic acid, inositol, niacin, biotin, pantothenic acid,
choline, calcium, phosphorous, iodine, iron, magnesium, copper, zinc, manganese,
chloride, potassium, sodium, selenium, chromium, molybdenum, taurine, and L-
25  carnitine. Minerals are usually added in salt form. The presence and amounts of
specific minerals and other vitamins will vary depending on the intended infant

population.

If necessary, the infant formula may contain emulsifiers and stabilisers such as soy

30 lecithin, citric acid esters of mono- and di-glycerides, and the like.



10The invention will now be further illustrated by reference to the following examples:- Example 1 15 An
example of a shelf stable nutritional supplement to be used according to the present invention is as
follows:- -12- Example 2 5 This example compares the effect on plasma glucose concentration and
insulin sensitivity of administering probiotic bacteria to pregnant women with the effect of administration of
a placebo to a comparable group of pregnant women. 256. pregnant women were recruited to participate
in a randomized, prospective 10 combined dietary counselling and probiotics intervention study
(NCT00167700, httpi/ﬁm@ehrﬁaamlag}@mm@%}@c@%% PG HRRF AR R g YR T reeHiiiestdr of
pregnancy at their finsénéistidDematenngl Welbare pliniesin, the kityi @fs nrkdosiadsnaighkoliking areas in
South-West Finland. Subjects included had no metabolic diseases. Written informed consents were
obtained from the women and the study -13- protocol was approved by the Ethics Committee of the
Hospital District of SBathiW¥esfaRidtamdla and the nutritional formula described above may be prepared

5 in any suitable manner. For example, they may be prepared by blending together the
protein, the carbohydrate source, and the fat source in appropriate proportions. If
used, the emulsifiers may be included at this point. The vitamins and minerals may
be added at this point but are usually added later to avoid thermal degradation. Any
lipophilic vitamins, emulsifiers and the like may be dissolved into the fat source prior

10  to blending. Water, preferably water which has been subjected to reverse osmosis,
may then be mixed in to form a liquid mixture. The temperature of the water is
conveniently about 50°C to about 80°C to aid dispersal of the ingredients.
Commercially available liquefiers may be used to form the liquid mixture. The liquid
mixture is then homogenised; for example in two stages.

15
The liquid mixture may then be thermally treated to reduce bacterial loads, by
rapidly heating the liquid mixture to a temperature in the range of about 80°C to
about 150°C for about 5 seconds to about 5 minutes, for example. This may be
carried out by steam injection, autoclave or by heat exchanger; for example a plate

20  heat exchanger.

Then, the liquid mixture may be cooled to about 60°C to about 85°C; for example by
flash cooling. The liquid mixture may then be again homogenised; for example in
two stages at about 10 MPa to about 30 MPa in the first stage and about 2 MPa to
25 about 10 MPa in the second stage. The homogenised mixture may then be further
cooled to add any heat sensitive components; such as vitamins and minerals. The pH
and solids content of the homogenised mixture are conveniently adjusted at this

point.

30 The homogenised mixture is transferred to a suitable drying apparatus such as a
spray drier or freeze drier and converted to powder. The powder should have a

moisture content of less than about 5% by weight.



Study design and conduct 5 Study visits took place at each trimester of pregnancy, and at 1, 6, and 12
months postpartum. At baseline, subjects were randomly assigned to three study groups, two with 85
members and one with 86 members. Group 1 (n=85) received probiotic capsules with dietary counselling
(diet / probiotics), Group 2 (n=86) received a 10 placebo with dietary counselling (diet / placebo) and
Group 3 (n=86) received a placebo with no dietary counselling (control / placebo). Randomization to
receive probiotics (Lactobacillus rhamnosus GG, ATCC 53103. Valio Ltd., Helsinki, Finland and
Bifidobacterium lactis Bb12, Chr. Hansen, 15 Hoersholm, Denmark, 10el O cfu/day each) or placebo
(anhydrous microcrysirlkiaeceelptoseansheexirasg, b bulthansesriiogishaimuitenasikpinatide dietary
counselling groups took pl in a,double-blind manner while t%f control group received the placebo in
cimgle-blind ranner RSy At GF o RGN LA A Bt e e A TatEt et he endl
of exclusive breastfedding. 20 Fhenagdtivityloftiierpiobiaticsislaprepnfitioned day regubangrialysis of microbial
content and the ompliange 0 &oUSUTPUIRLINAFRBSUIRSMAS ARSASSRAREAIPdgIG Compliance

in consumption of study capsules was assessed by interview. Altogether 97.8% reported having
consumed the capsUREE iy itiAnistidAosr Ba9ueie 95t dnsthiipisal endoivieat < WoHleh fdisorted
gut-associated sympiespistiachdcisieh flatiylenceide@se stoatsanieonstipatiaunbbaisonmoes ragular bowel
function was related psule consumption in all three groups alik reafter the prevalence of
reported symptoms vlf/g?s(f SrleC lﬁ/géjé) \f/o%s .39 aRhd U™ b)oy éi%‘ﬁ%%ﬁ&&ﬁ%@b%g%@%@ Bt thary counselling for
Groups 1 and 2 was given by a dietician at each study visit with the intention of modifying dietary intake to
conform with thas currgntiy reqemMandadyPaLticHiaAtANtPRASHG Paiddr the.aylity.pbdigtary fat. -14-
Achievement of the recommended diet was supported by providing participants with readily available food
products with suitabl@‘?&ﬂ&%?ﬂposition (e.g. rapeseed oil-based spreads and salad dressings) to be
consumed at home. The dietary intake was assessed at each trimester using 3-day food diaries. Energy
and nutrient intakes #%Zre icilculated with a Micro-NutricaO computerized program (version 2.5,
Research Centre of ¥8dal Insurance Institution, Turku, Finland). At baseline, background information
concerning education and parity was collected by interviews. Weights and heights were measured,

pre-pregnancy ﬁeigr}ﬁ{&%qample of a shelf stable nutritional supplement to be used according to the

present invention is as follows:-

| | Per 100 keal Per 100g ready to | Per serving
| - | drink (190 ml)
| Energy (keal) | 100 65 130
Fat (g) 092 0.60 1.20
| Protein (g) 3.54 2.30 4.60
Carbohydrate (g) | 19.4 12.60 25.2
| Dietary fibre (g) | 3.62 | 2.35 | 4.70
| Minerals l l
| Sodium {mg) 51 33 . 66 3
| Potassium (mg) | 2338 EERENRRE K SRR 1 L0 :
I—Chlﬂridc (mg}) 123 80 160
| Calcium (mg) 308 200 _l400 ]
|_1Jh_:_mphnrus (mg) | 162 105 20
| Magnesium (mg) | 58.0 |38 s s 76 ) |




10 reported and used to calculate pre-pregnancy body mass index (BMI) as weight (kg) divided by the
square of height (m). Total gestational weight gain was calculated by subtracting self reported
pre-pregnancy weight from the weight recorded at prenatal visit or at hospital within one week before
delivery. Information regarding infants' birth weights and heights and the course of pregnancy were
obtained from hospital 15records. In the morning of eachyisit, 10 hour overnight fasting blood samples
Biceps skin fold thickness was measured at the first visit and at

were drawn from an antecubital vein.
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This example compares the effect on plasma glucose concentration and insulin

sensitivity of administering probiotic bacteria to pregnant women with the effect of

administration of a placebo to a comparable group of pregnant women.

256 pregnant women were recruited to participate in a randomized, prospective

8.7 mmol/1 at two hours). Statistical
| ATCC 53103
B- lactis
| BbI12
Example 2
5
10

combined dietary counselling and probiotics intervention study (NCT00167700,

http://www.clinicaltrials.gov). Subjects were recruited during the first trimester of

pregnancy at their first visit to maternal welfare clinics in the city of Turku and

neighbouring areas in South-West Finland. Subjects included had no metabolic

diseases. Written informed consents were obtained from the women and the study



The primary outcome measure was maternal glucose metabolism, characterized by 20 plasma glucose
concentration, blood glycated haemoglobin AIC, serum insulin and HOMA and QUICKI indices. The
measurements were performed at the first trimester (baseline) and third trimester of pregnancy, and at 1,
6 and 12 months postpartum. Missing values (at most one during pregnancy and one during the
postpartum period) were computed using the group megn.or geometric mean, as 25 linear extrapolation
or interpolation methods were not appropriate due to the substantial inherent non-linear within-subject
fluctuation. Compari85HSPYNRLRPFAETAYIiEH Bihise tomyuniisrestdhofinegpbRisitst af Potonths
postpartum betweenwhet thisggngtudy groups was made by analysis of covariance (ANCOVA) and the
postpartum period (1, 6 and 12 mo) was analyzed using ANCOVA for repeated 30 measurements. In both
analyses the baseline was included as a continuous covariate. Serum insulin and HOMA were skewed to
the right and were loSardthdesigh\yaodinefiduried before analysis. The results are given as baseline-adjusted
means or -16- ggometric means with 95% confidence intervals (Cl). Paired group comparisons were
performed Bonferroni-adjusted. Proportions of subjects with elevated glucose concentrations (> 4.8
mmo1/1 during pregR@¥yVisis BekBer12psupdrtRijchelshipareadctiveeh 8tdd\?greaps using the
Chi-square test. Respitgpaft@ioun bacampafispis ara givedbasyadasiatiasthR yithed&iks Glvdn addition,
dietary energy-yielding nutrients assessed from fopod diaries were analyseg. to explaip changes in glucose
metaoliom. The stull) UEE HETS cOmaet o e A maltap, ToTe e PO e Beriod and t
12 months 10 postparpsrassinghtiecsameomethiods @stésuribetdor tiewiman-ditcemacdhe baseline
variables were galygees N isai ARSI AN, KINSKA Walls sist (o ARITNOLANGOVA for

repeated measurements (weight and BMI). 15 Data were randomized and analyzed with SPSS (version
14.0; SPSS Inc, Chi®s§eP ViR iy sainsslian Eopirahdejssskfdnt of clinical evaluations. Results 81 %
of the recruited women (208/256) were followed up until 12 months 20 postpartum. The reasons for

discontinuing were descriptive of a normal population of pregnant women. Of the completing
tho follow-u. 25 wer DIEDHAND AR By b B e L. AN R pnE ot Svbltation. t
complete the longitullidal drtdlytidalssenied folatioehd nigadofariabies 3doris VANLs Grereléstimmated resulting

in a final numb?g of %é‘éﬁé%{sﬂ@nﬁﬁ%,p&e 17(9 éﬂ]f&g? %Qcﬁ)%%@a%ejgog(ﬂllﬁgdrous microcrystalline

cellulose and dextrose, Chr. Hansen, Hoersholm, Denmark) in the dietary
counselling groups took place in a double-blind manner while the control group
received the placebo in single-blind manner. Administration of the probiotics started
at the first study visit and lasted until the end of exclusive breastfeeding.
20
The activity of the probiotics was confirmed by regular analysis of microbial content
and the compliance in the consumption of the capsules was assessed by interviews.
Compliance in consumption of study capsules was assessed by interview. Altogether
97.8% reported having consumed the capsules daily. On initiation of capsule
25  consumption 6.3% of the women reported gut-associated symptoms including
flatulence, loose stools or constipation, but also more regular bowel function was
related to capsule consumption in all three groups alike. Thereafter the prevalence of

reported symptoms was reduced to 1.3% and 0.4% at subsequent study visits.

30 Dietary counselling for Groups 1 and 2 was given by a dietician at each study visit
with the intention of modifying dietary intake to conform with that currently

recommended, particular attention being paid to the quality of dietary fat.



253. The participating women were Caucasian, the majority had received higher education (79% in Group
1, 69% in Group 2 and 79% in Group 3) and were expecting their first child (65% in Group 1, 51% in
Group 2 and 57% in Group 3). The infants were 30 delivered at term and their mean heights and weights
were within population reference ranges. According to the mean body mass indices (BMI) prior to
pregnancy, the women were of normal weight. There wag.no distinction between the -17- groups in terms

of pregnancy weig n, baseline adjusted weights during pregnancy or postpartum BMI. The mean
duration of excrus.ve%réa%qrr@eoqﬁ&laﬁ?f?me%dd%m SRRSO BEDpUCEORHIEPaREoH Yid not differ

amongst the study greuds- él}heastearaﬁtertﬂms@WhemmemmmiﬁmfemgsIapesst-wwnbah&able 1
below:- 10 IResults are |ve asla{'(ri]e(%esg or medlan é% f? j ANO}/Ae %ANCOV Where baseline

ry_intaké w
was included as a coBarla e Wheh approprr (werghf an pregnant mothérs Were'6xcluded from

analysis. 4 ANOVA fosespdatedansasevements §1da§ &nd dRme)Edergy 76d 48 incobmiadi¢placebo, n =
76-79 in diet/plagebq And 7 (2a8% MARHRIRRIQRCS ofh Ikdkal WialisdestelsomPactgiintervention on

glucose metabolism
Centre of the Social Insurance Institution, Turku, Finland).

At baseline, background information concerning education and parity was collected
by interviews. Weights and heights were measured, pre-pregnancy weight self-
10  reported and used to calculate pre-pregnancy body mass index (BMI) as weight (kg)
divided by the square of height (m). Total gestational weight gain was calculated by
subtracting self reported pre-pregnancy weight from the weight recorded at prenatal
visit or at hospital within one week before delivery. Information regarding infants'
birth weights and heights and the course of pregnancy were obtained from hospital
15  records. In the morning of each visit, 10 hour overnight fasting blood samples were

drawn from an antecubital vein.

Biceps skin fold thickness was measured at the first visit and at the 1, 6 and 12
months post partum visits and waist circumference was measured at the 6 and 12

20  months post partum visits.

Analytical methods
Plasma glucose concentration was measured with an enzymatic method utilising
hexokinase by Modular P800 automatic analyser (Roche Diagnostics GmbH,
25 Mannhein, Germany). Blood glycated haemoglobin AIC was measured with ion-
exchange high-performance liquid chromatography (HPLC) by Bio-Rad VariantTM
II Haemoglobin AIC Program (Bio-Rad Laboratories, Marnes-la-Coquette, France).
Serum insulin concentration was measured with an
immunoelectrochemiluminometric assay (ECLIA) by Modular E170 automatic
30 analyser (Roche Diagnostics GmbH). To evaluate insulin sensitivity, quantitative
insulin sensitivity check index (QUICKI) was calculated as described by Katz et al

14. Homeostasis model assessment (HOMA) was calculated using a formula by



In all study groups the plasma glucose concentrations decreased from the first trimester to the third
trimester and increased during the 12 month postpartum period -18- (Figure 1). The difference between
the study groups was significant during pregnancy, when the baseline-adjusted means were 4.56, 4.60
and 4 45 mmol/1 in Group 3, Group 2 and Group 1, respectively (p = 0.025), almost significant at 12
months after delivery (adjusted mean values 5.06, 5.22_a5nd 4.93 mmo1/1; p=0.060) 5 and significant
over postpartum period up to 12 months after delivery (adjusted means 5.02, 5.01 and 4.87 mmo1l/1,
p=0.025). Group 1 wHattistingUidHanIrems ehrbipes s eRRinaifer frivres RS BrBrdgh Ay (P2er026), at 12
months postpartum Qimdl.@ohraing @vetiruanpie: @staidH W EeE0tu(AlFH2. Q66 ale: furthiek from Group
3 over the postparturr} éoerlod p=0.048). 10 E\q?uig,h N}san %)Iasma ucose ¢ r%cen}r tl%n§e¥vere within

nanci re-pregnanc age over TS cstationa 1aDC .
normal reference rar:?g ina siﬁ&;}’gr%ups,yt e risk of ETevate gf}ucoseycorﬁen ration was reduced in

Group 1 throughout thdlsusdjupeg pde(iige racnimserthrdimingltheetlyif gindéstee, wregintémertion of Group

1 had the capacyy tqgduas IhgHikaf BIghRIRSRAACASEspaCoNaRsaiansrizASiMpRediL) (OR 0.31,
95%CI 0.12 to 0.78; p = 0.013) compared with Group 3. However, the intervention of Group 2 did not

have this capacity coWigaRe Wit Groth S IO RIBLE596CI 0.59 to 2.69; p =0.553). Albeit not statistically
significant, the risk of high plasma glucose concentrations (> 5.6 mmo1/1) persisted less in Group 1 over

the post partum peri %%QR-OAG, 95%CI 200.14 to 1.50; p =,0.197), but not in Gr. 25% 1.55, 95%CI
061 10 8,95 p - 0 SB0} T RBRTEHTE G Aok o ol B A AP s DT st ER e e
during pregnancy. Althoughriteenprevaietaceaof pathoiagical tedycesditdavan hwbest iw@rouptal (37% of

subjects) 25 cofgpargel 0, EBHP HEvS %) AN G0 (st G EEIRLVE ISk WaS BIhLe/anifjcantly

lowered. Glycated haemoglobin AIC remained within normal ranges throughout the study in all but one
subject participating fARHEctsfolig P arab hetthd postparusentihliabaotorsah GRrEaSd MHssHoglobin AIC
were comparable amengstithevetudyigiRdps atdhe QUICKI and lower HOMA values. Results of the

glucose challenge tests were considered pathological if heightened fasting glucose
value (> 4.8 mmol/1) was combined with at least one abnormal postprandial
15 measurement (postprandial blood glucose > 10.0 mmol/1 at one hour or > 8.7

mmol/1 at two hours).

Statistical analyses
The primary outcome measure was maternal glucose metabolism, characterized by
20 plasma glucose concentration, blood glycated haemoglobin AIC, serum insulin and
HOMA and QUICKI indices. The measurements were performed at the first
trimester (baseline) and third trimester of pregnancy, and at 1, 6 and 12 months
postpartum. Missing values (at most one during pregnancy and one during the
postpartum period) were computed using the group mean or geometric mean, as
25 linear extrapolation or interpolation methods were not appropriate due to the
substantial inherent non-linear within-subject fluctuation. Comparison of glucose
metabolism at the third trimester of pregnancy or at 12 months postpartum between
the three study groups was made by analysis of covariance (ANCOVA) and the
postpartum period (1, 6 and 12 mo) was analyzed using ANCOVA for repeated
30 measurements. In both analyses the baseline was included as a continuous covariate.
Serum insulin and HOMA were skewed to the right and were logarithmically

transformed before analysis. The results are given as baseline-adjusted means or



third trimester of pregnancy and 12 months postpartum, there was a tendency for -19- lowered glycated
haemoglobin AIC in Group 1 compared to Group 2 over the postpartum period (Table 2). Impact of
intervention on maternal body composition post partum 5 As noted above, there were no differences in
weight gain between the groups during pregnancy. However, post partum body composition as evidenced
by biceps skin fold thickness which is a measure of bodydat differed between the groups as shown in

Table 2 below with the lowest values being recorded for Group 1, the difference being statistically
significant (p= 0.03) SFREI e MRS ITEMRte CoREeaCtMEpidi DoRriredi@inus CUVRTEAEST able 2

Les 4.64 4s4.1 tithtoieYs péatdirdding of eddihita PaN40: @(§h lidi dn OB {t1B) dets 10 dh>dlevated glucose
concentrations (> 4.8 mmol/l during pregnancy, > 5.6 mmol/l postpartum) were
compared between study groups using the Chi-square test. Results of group

5  comparisons are given as odds ratios (OR) with 95% CI.

In addition, dietary energy-yielding nutrients assessed from food diaries were
analysed to explain changes in glucose metabolism. The study groups were
compared at the third trimester, during the postpartum period and at 12 months

10  postpartum using the same methods as described for the primary outcome.

The baseline variables were analyzed using Chi-square test, ANOVA, Kruskal-
Wallis test (5' Apgar) or ANCOVA for repeated measurements (weight and BMI).

15  Data were randomized and analyzed with SPSS (version 14.0; SPSS Inc,
Chicago, IL, USA) by a statistician (TP) independent of clinical evaluations.

Results

81 % of the recruited women (208/256) were followed up until 12 months
20  postpartum. The reasons for discontinuing were descriptive of a normal population of

pregnant women. Of the 208 women completing the follow-up, 23 were pregnant

again by the end of the follow up. At each time point of evaluation, to complete the

longitudinal analytical series for biochemical variables 3 to 7 values were estimated

resulting in a final number of 66 subjects in Group 1, 70 in Group 2 and 65 in group

25 3.

The participating women were Caucasian, the majority had received higher education
(79% in Group 1, 69% in Group 2 and 79% in Group 3) and were expecting their
first child (65% in Group 1, 51% in Group 2 and 57% in Group 3). The infants were
30 delivered at term and their mean heights and weights were within population
reference ranges. According to the mean body mass indices (BMI) prior to

pregnancy, the women were of normal weight. There was no distinction between the



Standard deviation in parentheses Further, waist circumference which is another measure of body fat as
well as being one the factors implicated in metabolic syndrome was also lower for Group 1, the difference
between the groups being statistically significant over time (p=0.005). the measurements are shown in
Table 3 below. Table 3 Standard deviation in parentheses -20- Impact of intervention on serum insulin
and insulin sensitivity indices Insulin concentration as wet_as insulin resistance evaluated by HOMA index
increased and insulin sensitivity evaluated by QUICKI index reduced towards the third trimester of
pregnancy in all gro%%‘?@o%péfﬁ’élﬁ%ﬂ?é?gﬂéﬁ%rﬁ?’ fhEtligsteoPrEHR SR ORI ifMER vere
reduced and QUICKpingdrxdinaiepsapariMeaBMerTht insulinicanceniratonsiinsulinresisianaadand insulin
sensitivity were foung, o differ, amanget the groups roudhout e study period (Fable 3) Ly difference,
at the third trimester o?pregnancy andPover the postpar]%um period, was exp alnednﬁy & ‘serdm insulin
lowering effect of thee@wpsip 1 intervention, which was especially 10 pronounced when compared to
Group 3 at comRined postpartum visits. HOMA index was lowest and QUICKI index highest, suggesting
an improved insulin sensitivity in Group 1. The intervention of Group 1 proved especially beneficial
compared with Group™® @Eﬂ’i?‘f‘éefl‘?é“fﬁﬁgth‘iﬂég”t@ YihsgriaRey arshatn ardap's E}Vé?‘fﬁe postpartum
period. 15 This study provides the first evidence of an active dialogue between the host and the gut
microbiota in glucosera[l%?etapoii-sm; e%nrwatéigregﬁcciéet_argfcout seelling, angnproglil%tic iqﬁ%{yentiog Mmay moplerate
plasma glucose concentrationand a ordt gfycemlc control'in hea(ffﬁy young females. Alfﬁougsh previous
studies have shown évidence of 20 improved glueesemetabolispheluring piegnainay byPdietary means,
particularly in those women with diagnosis of ge8tatidnal dialietds) this sty ¥$ithe first to-show long-term
benefits on glucose aﬁ%ylin metabolism of prpbiotics,combined with diefary coupseling. Probiotics
appeared to bring about;amere profound glucose lowering effect than dietary counselling alone
suggesting that probidti@mrrf}a}nlbecmr@f)particulaﬁﬁnpoﬂaﬂce?lS;tart[hglfrorﬁ'tgle sa?ﬁlle sﬂJ_}ﬂ described
above, the serum of thg'tépective infants from fhig mtﬂﬁ%‘rs éj_acon@_ﬂ}fbrom grouﬁ}i ahid.group 2 and

has been analyzed fOLin over pregnancy

BMI (kg/m™) 237 (3.5) 243 (44) 229 (32) 0037
prior pregnancy 24.7 (3.6) 254 (4.7 237 (3.2) 07
[ trimester of pregnancy D57 (3.6) 259 (4.2) 24.6 (3.1
{baseline) 252 (3.9 5.6 {5.0) 238 (3.4)
postpartum 1 mo 248 (3.9) 251 (53) 234 (3.3)  0975"
6 mo

12me 34 (1.6) 3.6 (1.9) 33 (1.8) 0.587

Duration (mo} of &3 {4.5) 9.1 (5.8) 7.6 (4.3) 0287

exclusive breast-feeding

total breast-feeding
40.1 (1.3) 399 (1.8 399 (1.3) 0672
3600 (515) 3602  (439) 3489 (431) 0209

Infants *
o : . 51 (2) 51 (2) 51 @) 0.197
gtﬁ;‘ j::;‘:lkfg‘;fge”m'D“ 5.0 (14) IS0 (13) 48 (1) 0257
g G o = 0.280
Birth height (cm) 9 (4-10) 9 (3-10) ?m (
Head cireumference {cm)
Apgar at 5 min

10 'Results are given as mean (SD) or median (range). 2 ANOVA or ANCOVA, where
baseline was included as a covariate when appropriate (weight and BMI). * pregnant
mothers were excluded from analysis. * ANOVA for repeated measurements (1, 6
and 12 mo). > n = 76-78 in control/placebo, n = 76-79 in diet/placebo and n = 75-81
in diet/probiotics. ¢ Kruskal-Wallis test.

15
Impact of intervention on glucose metabolism
In all study groups the plasma glucose concentrations decreased from the first

trimester to the third trimester and increased during the 12 month postpartum period



concentrations of "Split 32-33 Proinsulin”. The measurement was performed 30 according to a standard
method described in particular in The Lancet 2003; vol. 361 : 1089-97 (published on March 29 2003).
Samples were taken when the infants were 6 months old, blood samples were withdrawn by
venepuncture before noon, serum was -21- immediately separated and stored initially at -20C and then
at -80C until analysis for 32-33 split proinsulin by time-rggolved fluorometric assay (The Lancet 2003).
Split 32-33 proinsulin is a partly processed from of proinsulin, higher concentration of which indicate
greater insulin resistdrig8ccléatthandiiffisusisbshtests feIfgdssBerediritrsisuitree Meiknown risk
factors for metabolicisisandeys wobesity bdiabhetes)jnyaerensiondrel hegesslisadelsisomman table 4. The

prevalence of high s@rigg2-3’33(£r8in§ulirai&%rouF Zregntervelnti nj)éay%go is 46% of that of the controls. In
3. A .

group 1 (intervention-pro}%lo’uc gorc})up)atlhe preu alence 8?%%% lit ’prlg}%ssuﬂﬁnilslﬁa?&/oagf at seen in

controls. 10 The resuinihslidate dtiatetiye aipisied intenvesitionSith p28iodidsdis mesddiate® Wofh a lower
prevalence of high splig %?g‘r%%&'iﬁi%%H}i'})!)@tﬁﬁﬁdﬂfa&%ﬁ%pﬁ%ﬁE }j%&ﬁﬂ?l‘égtgr”&@ﬁyéﬁz"@&ﬁfﬂﬁéﬁion can be

beneficial to the infants and may reduce the risk of metabolic syndrome like overweight, diabetes and
hypertension later inMfé&ns3-¥antd 4 1ash 4P6imsunk (>B580 pardéinime inprdifistinguishably frogngpit
proinsulin) in study gresy3s2 homeadjustachans agpistashgrosH coB)ParisomsIsRG IREstGHagression

analysis. Ar. IaSteg.&% and over the entire postpartum period (p = 0.066), and further from Group 3

over the postpartum period (p = 0.048).

10
Although mean plasma glucose concentrations were within normal reference ranges
in all study groups, the risk of elevated glucose concentration was reduced in Group
1 throughout the study period (Figure 1, insert). During the third trimester, the
intervention of Group 1 had the capacity to reduce the risk of high plasma glucose

15  concentrations (> 4.8 mmol/1) (OR 0.31, 95%CI 0.12 to 0.78; p = 0.013) compared
with Group 3. However, the intervention of Group 2 did not have this capacity
compared with Group 3 (OR 1.26, 95%CI 0.59 to 2.69; p =0.553). Albeit not
statistically significant, the risk of high plasma glucose concentrations (> 5.6
mmol/1) persisted less in Group 1 over the post partum period (OR - 0.46, 95%CI

20  0.14 to 1.50; p = 0.197), but not in Group 2 (OR 1.55, 95%CI 0.61 to 3.95; p =
0.360) compared to Group 3.

45% of the subjects underwent a glucose challenge test during pregnancy. Although
the prevalence of pathological test results was lowest in Group 1 (37% of subjects)
25 compared to Group 2 (58%) and Group 3 (57%), the relative risk was not

significantly lowered.

Glycated haemoglobin AIC remained within normal ranges throughout the study in
all but one subject participating in the Group 2 at 12 months postpartum. Whilst
30 mean glycated haemoglobin AIC were comparable amongst the study groups at the

third trimester of pregnancy and 12 months postpartum, there was a tendency for
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lowered glycated haemoglobin AIC in Group 1 compared to Group 2 over the
postpartum period (Table 2).

Impact of intervention on maternal body composition post partum

As noted above, there were no differences in weight gain between the groups during
pregnancy. However, post partum body composition as evidenced by biceps skin fold
thickness which is a measure of body fat differed between the groups as shown in
Table 2 below with the lowest values being recorded for Group 1 , the difference
being statistically significant (p= 0.03) when the measurements taken at the first visit

are taken as covariant.

Table 2

_BiELT_SFk:ITl fold | 1 month 6 months 12 months '
thickness (em)
Groupl _‘ 0.83 (0.33) 0.89 (0.44) 0.81 (0.4)

Group 2 [ 0.97 (0.52) 1.05 (0.6) (.89 (0.5)
Group3 7,03 (0.54) |15 06 1.08 (0.65) i

Standard deviation in parentheses

Further, waist circumference which is another measure of body fat as well as being
one the factors implicated in metabolic syndrome was also lower for Group 1 , the
difference between the groups being statistically significant over time (p=0.005). the

measurements are shown in Table 3 below.

Table 3

Waist 6 months " 12 months

| circumference (cm)

I Groupl | 76.31 (7.90) 74.90 (6.85)

| Group 2 81.28 (10.89) 80.08 (11.23)
I'F.Equ's__ 8054 (9.17) 78.75 (10.15)

Standard deviation in parentheses
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Impact of intervention on serum insulin and insulin sensitivity indices

Insulin concentration as well as insulin resistance evaluated by HOMA index
increased and insulin sensitivity evaluated by QUICKI index reduced towards the
third trimester of pregnancy in all groups. Comparably, after delivery insulin
concentration and HOMA index were reduced and QUICKI index increased. Mean
serum insulin concentrations, insulin resistance and insulin sensitivity were found to
differ amongst the groups, throughout the study period (Table 3). This difference, at
the third trimester of pregnancy and over the postpartum period, was explained by
the serum insulin lowering effect of the Group 1 intervention, which was especially
pronounced when compared to Group 3 at combined postpartum visits. HOMA index
was lowest and QUICKI index highest, suggesting an improved insulin sensitivity in
Group 1. The intervention of Group 1 proved especially beneficial compared with
Group 2 during the third trimester of pregnancy and with Group 3 over the
postpartum period.

This study provides the first evidence of an active dialogue between the host and the
gut microbiota in glucose metabolism; combined dietary counselling and probiotic
intervention may moderate plasma glucose concentration and afford glycemic control
in healthy young females. Although previous studies have shown evidence of
improved glucose metabolism during pregnancy by dietary means, particularly in
those women with diagnosis of gestational diabetes, this study is the first to show
long-term benefits on glucose and insulin metabolism of probiotics combined with
dietary counselling. Probiotics appeared to bring about a more profound glucose
lowering effect than dietary counselling alone suggesting that probiotics may be of

particular importance.

Starting from the same study described above, the serum of the respective infants
from the mothers of control group, group 1 and group 2 and has been analyzed for
concentrations of "Split 32-33 Proinsulin". The measurement was performed
according to a standard method described in particular in The Lancet 2003; vol. 361 :
1089-97 (published on March 29 2003). Samples were taken when the infants were 6

months old, blood samples were withdrawn by venepuncture before noon, serum was
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immediately separated and stored initially at -20°C and then at -80°C until analysis
for 32-33 split proinsulin by time-resolved fluorometric assay (The Lancet 2003).
Split 32-33 proinsulin is a partly processed from of proinsulin, higher concentration
of which indicate greater insulin resistance. Greater insulin resistance is itself
associated with the three well-known risk factors for metabolic disorders (obesity,
diabetes, hypertension). The results are shown in table 4. The prevalence of high split
32-33 proinsulin in group 2 (intervention-placebo) is 46% of that of the controls. In
group 1 (intervention-probiotic group) the prevalence of high split 32-33 proinsulin

is 37% of that seen in controls.

The results indicate that the dietary intervention with probiotics is associated with a
lower prevalence of high split 32-33 proinsulin in the infants. As such it is believed
that the intervention can be beneficial to the infants and may reduce the risk of
metabolic syndrome like overweight, diabetes and hypertension later in life.

Table 4 High proinsulin (>85% percentile in proinsulin or in 32-33 split
proinsulin) in study groups.

Non-adjusted and adjusted' group comparison using logistic regression analysis.

|_ o Non-adjusted Adjusted’

. OR  95% CI P OR  95% CI p
Et&d}' T R 7|7 S
Group 1 046 0.19t01.10 0.079 (043 0.17t0 1.12 0.085
|Group 2 0.37 0.15t00.94 0.037 [0.30 0.111t00.86 0.026

i Dur. of breast- 0.22 0091w 0.50 =0.001
| feeding (=6mo)

'Mothers glucose > 2.13 0891w 512 0.081
run:dial‘l

'The following variables were given to the stepwise logistic regression model:
mothers glucose at 6 mo, diabetes during pregnancy, maternal smoking prior

pregnancy and duration of breast-feeding 6 mo. Control group is the reference group.



009 - 20 Hediana The following variables were given to the stepwise logistic regression model:
mothers glucose at 6 mo, diabetes during pregnancy, maternal smoking prior pregnancy and duration of
breast-feeding 6 mo. Control group is the reference group. -22- Claims 1.The use of probiotic bacteria in
the manufacture of a composition for administration to a woman in at least the third trimester of
pregnancy for prevention 5of gestational diabetes, whergjn a mixture of probiotic lactic acid bacteria and

Claims

1. The use of probiotic bacteria in the manufacture of a composition for
administration to a woman in at least the third trimester of pregnancy for prevention

5  of gestational diabetes, wherein a mixture of probiotic lactic acid bacteria and
Bifidobacteria is used, and wherein the probiotic lactic acid bacteria is Lactobacillus
rhamnosus CGMCC 1.3724 and the probiotic Bifidobacteria is Bifidobacterium
lactis CNCM 1-3446.

10 2. The use of probiotic bacteria in the manufacture of a composition for
administration to a woman in at least the third trimester of pregnancy for normalising
plasma glucose concentration, wherein a mixture of probiotic lactic acid bacteria and
Bifidobacteria is used, and wherein the probiotic lactic acid bacteria is Lactobacillus
rhamnosus CGMCC 1.3724 and the probiotic Bifidobacteria is Bifidobacterium

15  lactis CNCM [-3446.

3. The use of probiotic bacteria in the manufacture of a composition for
administration to a woman in at least the third trimester of pregnancy for improving
insulin sensitivity, wherein a mixture of probiotic lactic acid bacteria and

20  Bifidobacteria is used, and wherein the probiotic lactic acid bacteria is Lactobacillus
rhamnosus CGMCC 1.3724 and the probiotic Bifidobacteria is Bifidobacterium
lactis CNCM 1-3446.

4. The use of any of Claims 1 to 3, wherein administration of the composition

25  continues after delivery.

5. The use of any preceding claim, wherein the probiotic bacteria are

administered in a daily dose between 10e5 to 10e12 colony forming units.

30 6. The use of any preceding claim, wherein the probiotic bacteria are

administered to the woman for the second and third trimesters of pregnancy.



Bifidobacteria is used, and wherein the probiotic lactic acid bacteria is Lactobacillus rhamnosus CGMCC
1.3724 and the probiotic Bifidobacteria is Bifidobacterium lactis CNCM 1-3446. 10 2.The use of probiotic
bacteria in the manufacture of a composition for administration to a woman in at least the third trimester of
pregnancy for normalising plasma glucose concentration, wherein a mixture of probiotic lactic acid
bacteria and Bifidobacteria is used, and wherein the profpiotic lactic acid bacteria is Lactobacillus
rhamnosus CGMCC 1.3724 and the probiotic Bifidobacteria is Bifidobacterium 15 lactis CNCM 1-3446. 3.
The use of probiotic bacteri PR TARMBIEALIRS SRATESpERIBRIGPININRHILERIBT to a woman in at least
the third trimester of jmagnaaey for i PH\ina s WMhsgRsHiityy wherein a mixture of probiotic lactic acid
bacteria and 20Bifidobacteria is used, and wherein the probiotic lactic acid bacteria is Lactobacillus
rhamnosus CGMCC 1.3724 and the probiotic Bifidobacteria is Bifidobacterium lactis CNCM 1-3446. 4.
The use of any of Claims 1 to 3, wherein administration of the composition 25continues after delivery. 5.
The use of any preceding claim, wherein the probiotic bacteria are administered in a daily dose between
10e5 to 10e12 colony forming units. 306.The use of any preceding claim, wherein the probiotic bacteria
are administered to the woman for the second and third trimesters of pregnancy. -23- 7.The use of any
preceding claim, wherein the probiot ¢ bacteria are administered for the full duration of the pregnancy.



