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Does ealy nutrition
programme later health?

Berthold Koletzko, M.D.

Professor of Paediatrics Loy
Dr von Harar Dr von Heuner Children ‘s Hospital, ‘m
Lme o i Univarsity of Munich, Germany Mochan

1 q Nutrition in the perinatal period is of

- greater importance than at any other age
e Very fast growth
o M Nutrient needs / kg bw
o J W Body stores

® |mmature gastrointestinal,
metabolic & renal functions

® Rapid organ development

=» Substrate supply has marked
immediate and long-term effects

Breast is best

e Supports mother-infant bonding
eMatches infant nutrient needs

® Anti-infective, anti-inflammatory,
4 bifidobacteriae, ¥ infectious risks
o\ Risk for some later diseases
{Obasity, Diabetes type |, Crohnésdisease, Celiac disease)
Cognitive performance
Caveat:

+ Some limitations: retrospective study designs, recall bias, potential
confounding (education, sodo-economic status, ifestyle, non-smoking)
# Furthar into Y

@ Programming of human
s adult functions and

(g4 diseases by hormones,

L metabolites and neuro-
transmitters during critical
development periods
Guenther Dbmer, Bertin, Germany 1674
® Programming by early

| nutrition in man
Alen Lucas, Cambridige, UK 1887

® Fetal Programming of adult
disease by poor fetal nutrition

and low birth weight o raes
David Barier, Oxford, Southemplon, UK 1082

Early nutrition programmes ¥
health in human adults ¥

=» Cardiovascular health
=» Immune function, infection & allergy risk

= Autoimmune diseases, e.g. diabetes type |,
inflammatory bowel disease, celiac disease

=» Bone health
< Obesity
=>» Neural and brain function




Birth in the. hungry season” =) higher mortality in adults Birth weight and standardised mortality ratios at 20-
i 74 vy.in 10,141 men born in Hertfordshire 1911-1930
w
Birth In the annual hungry season i All cardiovascular dis. Al of death
o (July-October) < severs Emwrymndm " ca s " causes
earty childhood growth faltering - -
g L From the age of 15 years onwards . » ®
= more severe infections,
L] 3.850old risk for premature death ® [ L]
E © z : ) » n
Brhin e l
Pagry saason L L] L]
L
w & o
© o o FY
] L] 2 i -0 [ ] a8 44 T8 45 44 S 4k 44 I8 48 45 b df &3 15 A5 48 A
Aga in years Birthwsight (A, Pourde = 434 g Barker 1994

Low birth weight =
A later risk for coronary heart disease

Effect of Prenatal Nutrition?

Log, 32-33
® Poor fetal growth 22 | IR _T
=>» Fetal Origins of Adult Disease Hypothesis 2 | 5 b - ;
Effect of Postnatal Nutrition? o I .
® Compensatory excessive postnatal growth . '
=>» Accelerated Postnatal Growth Hypothesis PP ® o e clweomn @
w0-58 13 birth o weak 2 of ife

Higher postnatal weight gain
=>A insulin resistance at 13-16 years

187 predanm infants, fed diferent posinatel diets, follows up of 13-18 years, Singhal of &l 2003

24

Higher postnatal weight gain
=> ¥ flow-mediated dilatation at 13-16 years

187 proterm infants, fed different postnatel dists, follows up af 13-18 years. Singhal of o 2004

Fionw Maprhated Cdtor o

Childhood Obesity

Global epidemic, alarming
increase of prevalence & severity
Severe psychosocial &

health burdens, huge costs

Difficult to treat
Primary prevention greatly needed

Koletzko B, Girardet J P, Kiish W, Tabscco O. Obaslty In children and sdolescents
workdwids: current views and ure directions. JPGN 2002; 5:5205-5212
Fisberg M, Baur L, Chen W, Hoppin A, Koletzko B, Lau D, Moreno L, Nelson T, Strauss

R, Usuy R Obasity in children and JPGN 2004,36:5678-07




Psycho-sodial

Sell confidence Stroke

Puriormancs

Qualey of e - Pulmonary dis.
Raap. infections

Fatty liver Hypowantilazion

MASH Slesp apnoes

Gall siones Obatruction
Cardio-vascular

Cancer Biood pressurs

Joint damage Diabetes T 2

Omtaoarthitis

Epipirysioicysis

Genetics

® energy expenditure Current lifestyle
* food intake l I ® diet

# substrate metabolism » physical activity
* andocrine regulation

Obesity risk

Metabolic programming I
# intrauterine metabolism

* posinatal diet/growth
® endocrine lath

The determinants of growth and form
Manipulation of postnatal diet with lower early growth in rats
=» low adult weight, despite ample later food supply

Hhi

P i

e

Growth of breast and bottle fed infants

5,304 Brazilian infants followed prospectively from birth to 12 months.
Growth differs in predominantly breast fed infants (1 mo: 61.3 %, 8 mo. 33.8%).
[T108

04

I-sCore

-06 = Breastfed subset ~
-08
4] 2 4 6 8 10 12
AGE (MONMNS) \repig o at, st 100812817348

All infants

Breastfeeding: ¥ obesity at school age
Data from school health examination, Bavaria, BMI cantiles calculated
for total cohort of 134,577 children, data on Infant feeding In 8,206 children
In 2 rural areas. von Kries, Koletzio et al, Brit Med J 1099,319:147-150

%
10 [ Never breastfed (n=4022)
[ Breastfad (n=5184)
5
1]

BMI >00" cantile BM =37 centlie

Adjusted OR (95 %Cl) for overweight and obesity
by duration of breastfeeding, >9000 children

Odds Ratio for
Breast | Overwt | Obese Overwaight & Obesity

Ever 0.79 0.75
©esosy | msrosey

<2 mon. 0.89 0.80

(n=2084) (0.731.07) (0.74-1.02)
3-5 mon. 0.87 0.65
(ne2052) (0.72-1,08) (0.44-0.95)
6-12 mon. 0.67 0.57
{063} {0A4B-0.51) (0.33-0.99)
>12 mon. 0.43 0.28
{r=121) (0.171.07) (0.04-2.04)

<qm Hm Him  f2m

von Kriss, Koletoko of &, Brf Med J 1969,318:147-150



Breastfeeding and childhood obesity: Systematic review
Arenz, R.c kerl, Koletzin, von Kries, Int J Obsally 2004;28:1247-1258

@ First systematic review, prospective study protocol

Inclusion criteria:

® Cohort-, cross-sectional- or case-control studies

@ Published 1966-Jan 2004 pn Engaan, Franch, German, Ralan, or Spanish)

® Adjustment for >3 relevant confoungders i weight, perentsl
overweight, parsntal smoking, Mmmm.m)

@ Risk estimates as odds ratio or relative risk
@ Age at follow-up 5-18 years

@ Infant feeding mode assessed and reported
@ Obesity defined by BMI percentiles

Breastfeeding and childhood obesity: A meta-analysis

Covariate adjusted odds ratios, pooled odds ratio
Arenz, R.c logel, Wolstricn, von Kriea. inf J Obssity 2004
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Breastfeeding: moderate
but consistent protection
against later obesity

o 22 % risk

Dose response effect of
breast feeding duration
in 4/9 studies

=» Promotion and

Why does breastfeeding protect?

Residual confounding

Behaviour

@ Suckling behaviour

@ Differences in meal sizes & intervals 3
@ Different taste experience =) later food choice

Growth / substrate supply / endocrine regulation
@ Early weight / length gain @ Insulin / IGF 1

@ Energy supply @ Leptin resistance

support of breast feeding ® Protein supply

et ¢ ﬁk S lwagn } Receiver operating characteristics (ROC) curves
SRt Wi o © S Positive likelihood function analysis
:::r;m:\.m I 100, —
mmm;@mﬂm l |D T _,—/

S o
Height and weightin ¥ Zintervn,
4,235 children at birth, § = £ow
6, 12 & 24 months g o I # 3
(preventive health checka by = L | |
paediatricans/GPs) & at 5-6 '0%1_}_‘; it
years (school entry examin- Iy I ;
ation), 6 communities in I IE o]~

¥ 10 20 30 40 60 80 TO 80 80 100
‘caniie weight gain from 0 - 2 years




The dynamics of growth and tissue development

Avoid very high weight gain in infancy

Factors related to A4 infant weight gain:

® Genetics

® Mode of feeding

® Nutrient density/supply

® Very sweet taste of formula/compl. food
@ Others

Infant feeding and infections Breastfeeding may reduce risk
during the first 3 months for later autoimmune disorders
BFuIl ! gartial | Formua | Dissase "2?‘;..'1‘:“...,: o ] Subjects | Authorfyr.
. e e r P, e e LT R
I‘f“m‘.""?“"“‘ 29% Il 5.1% | 15.7 % !co_om Diabetes type | 20% | <002 i‘"‘:’::'-‘ Bore-Jotweon
nfectiona | . B — .' AR . 1ees
IR”"’ iratory - 6% ; 242% l 370% | <0.05 Crohnésdiseasa J 300% | <0005 | TQumbeds. | Koo
Howis i o/ 1990
Some anti-infectious factors in breast milk Human milk contains prebiotic ‘:w_ .
® sigA, IgG, IgM, IgD ® Neutrophil ganulocytes, of Lactobacilli & Bifidobacteria | —" >
® Lactoferrin macrophages e
® Lysazyme ® Lymphocytes © Lactose (ony party dgested e
® k-Casein ® Membranes of epithelial P formented in the colan)
® Lactoperoxidase cells ® N-acetyl glucosamine eymy 171
. )
. F' i"m com n'" ';’::;"u?:""“ of milk fat & Human milk oligosaccharides (several hundred HMOs)
Kunr of of 1000
a-Lactalbumi . . .
. Nocootidos » Bifidogenic peptides derived from lactoferrin, the
® Oligo- and polysaccharides, glycoconjugates secretory component of SIGA Lispee et & 2002, 1'n nersr 2009
® Monoglycerides, non esterified fatty acids modified sher ESPGHAN Committee on Nutrition. Non-digestible carbohydrates in
|_® Mucines Koletzio & Schvolen 1999 the dists of infants and young children. JPGN 2003;36:329-337




Bifidobacterium flora in breast- and formula-fed babies
Fluorsscence in siu hybridisstion, Harmaen of o, JPGHN 2000

M —

—&—Formula

age {d)

Microflora in breast- and formula fed babies (d 7)

Fuaresconce in aliu hybridisstion, Harmsen of &l JPGHN 2060

m Formula

B om

Prokaryotic regulation of epithelial responses
Neish of o, Science 2000

Modulation of T-cell subpopulations
by commensal bacteriae

Thl Th2 Tri/Th3
IL-2, -INF, IL-12 IL-4, IL-5, IL-6 TF, IL-10

v ¥ ¥

DTH Humoral immunity, Inhibition of
Cellular Lrn;'nunlty M?:m gﬂ:’&m

The dynamics of growth and tissue development

Brain /13% T

K
§i

The brain h

Fast growth, rapid maturation
& differentiation depend on
sufficient, balanced supply of nutrients




Postnatal diet of preterms (<1850 g)
and development with 18 months (corrected)

Mental Psychomotor
wey  Development " Develepment
* p<0.001
" Torm- Po-wm- ' Tem- Fretaar-

Formula Formauia Fommuia Formuls

FRrandomised hoapital feeding with term fommula (88 kcal, 1.45 g proteln/dl) or nutrient dense
proterm formula (80 keal, 2.0 Luces af ul, Arch Déa Chikdh 1904:T0:F141-148

Breastfeeding """ -
and later PR —
cognitive oo -

development ™" e

Anderson et o, AJCN 1999;70:525 m_“"'f':‘ ! .

Metz-analysis of 20 studies ::” .
comparing predominantly ; : -
breast (>10.000) and oo s s ’
formula (<32.500) fed Tty a1 14 | .
Infants at later ages, ™

correctad for measured o i

covariables Miwse @

Breastfeeding and cognitive
development: a meta-analysis

Ancerson et al, AMCN 186970525

Effect of bith-welght on welghted mean difference in cognitive
development score batwean breast and formula fed Infants

Mean . SE 85%CI
Mormal / mixed
birth-weight 2.66 0.26 (2.15-3.17)

Low birth-weight 0.81 (3.506.77)

Duration of breast-feeding and adult intelligence

‘Wachsier Adult inteligence Scala  In 873 Danis h subjects al mean age 27 years.

Full Scale 1Q, ad).
P=0.003

1e

Verbal IQ. ad]. .
[ LA

i

Ligy¥=Im 2-3m 4Bm T-9m  >Bm
] Performance 1Q,
s

| P=0.02

™
RS

Mortarsen st , JAMA 2002:207-2305-71

<eim _2-3m  46m_ T-bm  >im

[y]

F
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DHA supplementation of breastfeeding mothers
=> development of their term infants at 30 months

Mental Psychomotor
=, Development w, Development
005 :

ns

"

Placsbo  DHA-Suppl.
with 200 mg DHAMey

bilind, mothers
(re=118, millc DHA 0.4 %) ) or pimcebo (r=T8, milkk DHA 0.2 %) for 120 days.
> millc +70 %, Infant ot al 2000




LCPUFA improve stereoacuity at 3.5 years:

435 children born full-term
ALSPAC study: Wiliams af &), Am J Clin Nutr 2001,73:316-22

Stereoacuity Is independently associated with
(adjusted loglstc ragroasion) i o | Pe0,018 P=0,005 L —

Breast feeding i EE—

Never 1.00 s | |

>4 months @(1 54-4.97) i | | |
Maternal oily fish consumption E - | '

No 1.00 H [

Yes @(1-00—2-45} r——— Formule wio LC-PUFA  Formula + LC-PUFA

LCPUFA and cognitive development
of healthy term infants

Novelty preference (%) In the Fagan-infamast at 8 months in 81 term infants,
postnatally fed human milik or randomised o formula + LC-PUFA

Nutrients & brain growth

=» Early nutrient &
micronutrient supply
modulate brain growth,
development and

later function

=» Optimize nutrient
supply during early
growth

Infant iron deficiency affects psychomotor

103.development at 12 months eapey-ron

g

p<0.0001

Peychomotor development index (PDI)
2

Iron deficiency  Iron deficiency,  Conirols
anemia (Hb <110g/L) no anemia Wialler of &, Peclerica 1683

RON STORES

After the first )] year, breastfeeding alone
does not secure sufficient iron supply

Absorbed Iron
Estimated requirement = 0.55-0.75 mg/d
Suppy with breast milk = 0.13

Foman 5., Mutriion of normad infents. kioaby 1963

Iron status at 9 months is related to feeding

Hartrampl ot ul, Pecheirica TR 005

Microc




Dietary iron intake after 6 months (complementary feeding
w. iron, iron-fortified formula) affects hemoglobin in infancy

245 Swwdish infants folowed progpectively from 8- 18 months Lind ef ai, J Nulr 2004

Hemaoglobin (g/L)

o 05 10 1.6 20
Dietary iron intake (mg x kg'xd")

From 6 months onwards infants need
additional micronutrients from complementary

foods and/or iron fortified formula

Infant feeding
concepts today

* Protection, promotion and
support of breast feeding

* Adequate and safe
.a‘;.; complementary feeding
, « Safe infant formulae & follow-
s on formulae of highest quality

WORLD
HEALTH \f
ORGANIZATION

Infants who cannot be fed at the breast, or

should not receive breast milk, or for whom

breast milk is not available, require breast
milk substitutes of high quality

Thirty-Ninth World Health Assembly, 1986

Breast Feeding: Some potential limitations

© ¥ Milk production, maijor breast anomalies
© Painful mastitis / abscess

& Maternal malnutrition, poor nutrient supply eg vt x 5,
odine)

@ Some maternal infections & diseases je.g Hiv. cMmv in
preterms, luberculosis, syphilis, i

© Some drugs, contaminants je.g. cytostatic drugs, some antibiofics,
smaking. alcahol)

& Severe postnatal weight 0SS g 564, preterms)
& Some infant diseases 0. galactosaemia, PKU, severe iclerus)
& Nutrient needs after 6 months not always met (e.qre)

European Union Concepts
Sciantific Committee on Food 2003 %

Infant formulae

May satisfy as the sole source of feeding the
nutritional requirements of by infants during the first
four to six months of life

Follow-on formulae

Intended for use by infants aged over four months
and young children and constituting the principal
liquid element in a progressively diversified diet




EU Standards Infant Formulae RJepR Which milk for weaned babies >6 months?
Currant EU Directive (1991-1999), SCF 2003 ' | Healthy infants randomized from 6-12 months to cows' milk or
T B infant formula {with iron), similar compl. feeds. Tunessen & Oski 1987

Anemia s -1 g

Microcytosis w
Iron deficiency .. -

A EhO Unmodified cows' milk:
A Iron deficiency, M Anemia

Supply of bioavailable calcium

Cows' milk:  renal molar load
. and bone mineralisation

Protein +
Electrolytes Free water ® Total body calcium (adult) =1,5 kg
® 99 % in bone/teeth

® Accretion in childhood/adolescence

High Low
renal ' molar load

Early calcium uptake and bone mineralisation m BF & Formula for 12 months q
modulates fracture risk at later age Cows' milk => from 2 year .:1

Unmodified cows' milk;

@ PProtein & salt intake, 2 renal molar load

® P Risk of dehydration under stress (diarrhea, fever)

@ JIron content, Jy iron absorption from milk and
complem. feeds, AN risk of iron deficiency & anemia

L *Allergenicrty {heat treated formula protein ¥ allergenic)
® MMucosal damage, microbleeding

@ \Bioavailable calcium

=> Limit cows' milk intake during first year of life

10




Vitamin A 80-180 ug RE Bl e am e * e _
m Micronuments — 05"‘:2;-':’““ . EST: Early Progmrmmg. o .‘..::AM M_P
. :mm EARNI " Early Nutrition (1P)
Ei s Long i oo u of offccy and sstty e and ilgrated
rhvabirilr 60-300 ug Deliverables:
Vi‘tamlns = 0400 1 fromitairond
Minerals s ) 300 1200 g e E““"”m
Trace elements w; 35185 ug EU 13.4 Mio6/Total 185 os
Biy 0105 w {=17.3 Mo USY/ 22,9 Mo US$]
Other compounds TR 20052010
Folic acid 10-30 ug mfaartha:m:
taaccre, 10-20mg Univ of Munich, Germany
| {aacorbic ackd) .
Blotin 1515 vg_ | WA matabaolic-programming. org
*Early nutrition of huge importance §
for long-term child health : Th an kS to
¢ Support optimal feeding of -
mothers and infants: Protection : my co workers
and support of breast feeding, high
quality infant formulae follow-on
formulae & complementary feeds Thank you
¢ Importance of early nutrition for fO!' your k’nd
long term health justifies major attention

investments in practice & research
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“llow" phase
hy per-metabolism

Energy expenditure

“ebb" phase |
hypa-rmetabolism |

_._.,__..._____..______.._._..__|

AFAI, BEATFRRERENH A
HIBEPE 5% MNP RSP TR,

FRE 1224/ E 5 Bl AP

&

* p<0.001 vs

v
=3

S‘ : - g__‘ i

S——

(kcal/Kg/d)

Energy expenditure

R

e bt

€ 8 10 12 29 48 s5d
Postoperative hours

Chawals,et al:

» FABHER M (energy expenditure) 71 & nj B ;
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