Nutrition, growth and development 2009

Friday 11.9: Aud 3-13

09.00-10.15: Lecture: Nutrition of the fetus.
10.25-11.00: Lecture: Fetal nutritional insults — does it matter?
11.15-12.00: Lecture: Nutritional physiology of the newborn.
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LONG TERM STUDIES:
- It takes too long to investigate (PhD programs are 3 years!)
- The long time factor makes experiment uncontrollable
- Cell function changes over the course of an experiment
RESULT: advice based on and tradition

Nutrition and development of the fetus

General:
Course Literature:

Nutition through the life cycle. 3d.ed. Judith E. Brown et al. 2007 Thomson
Wadsworth, USA. Selected literature and articles. Nordic Nutrition
Recommendations 2004 Chapter 1 (Nutrient req. across life stages).

Developmental nutrition/programming.
Primary literature:

Brown etal., Ch4 p 97 -99.

The origin of the developmental origins theory, DJP Barker J Int Med 2007 412-
417. Epidemiology, genes and-—- JG Eriksson. J Int Med 2007 418-425.

Important supplement: Animal model developmental studies

Nutrition-critical life stages

Maternal & fetal tissue changes: @ownsm
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Dietary changes during development?
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Why?

- Changes in organ anatomy/physiology (e.g. GIT, liver, pancreas)
- Altered growth of tissues/organs
- Altered function of tissues/organs
- Altered disease sensitivity of tissues/organs

Topics of ongoing PhD projects
(children/piglets):
« Colostrum or mature milk for preterm newborns?
« Optimal lipid and protein in preterm formulas?
+ Enteral nutrition of children after gut resection?
« Antibiotics or probiotics to prevent gut disease?
« Can milk bioactives prevent preterm gut disease?
« Enteral versus parenteral nutrition in preterms?
« Stimulation of fetal development before birth?
« Nutrition for children with leukaemia?
« What is the role of amniotic fluid before birth?
« Is lactose goood or bad in infant formula?

Fetal & maternal tissue growth:
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Maternal & fetal tissue changes: @own 41
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1) What does oxygen consumption illustrate? 2) What are the trends throughout gestation?

3) Do these metabolism trends have any implications for maternal nutrient recommendations?

Maternal and fetal weight gain:
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Low maternal gain in underweight mothers — lower birth weight —
higher perinatal morbidity/mortality

Body weight increase across species:
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Tissue growth & nutrition in pregnancy

1st trimester 2nd trimester 3rd trimester
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Placental nutrient transfer:

Well-controlled and selective nutrient transfer — "the intestine of the fetus™

Birth weight and infant mortality:
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Neonatal mortality and
morbidity is high and is
related to birth weight

Anabolic & catabolic pregnancy phases

Table 4.6 Summary of maternal anabolic and catabolic phases of
pregnancy” 21!

Masermal Ansbolic Phase Mateenal Catabolic Phasc
0200 Weeks 20+ Weks
Blood volume expansion, increased  Mobilization of fae and nutrient
candiac cutput stores
Idap of fat, nutricns, and liver  Increased production asd Blood
ycopen seotes levels of ghucose, triglycerdes,

and farty acids; decreased liver
Ehvcogen stores

Growth of some matemal organs Accelorated fas
Imcreased appetise, food mtake
(pesitive calloric balance]
Decreased exercise tokerance
Increased levels of anabolic
hormones

Increased appetite and foond intake
dechine somewhat near term

Increased exercise tolerance

Despite increasing body weight the physiological state is catabolic

Key Nutrition Concepts - Fetus

« Periods of rapid growth and development of
fetal organs and tissues occur during specific
times during pregnancy.

« Essential nutrients must be available in
required amounts during these times for fetal
growth and development to proceed optimally.

* The (human) fetus is not a “parasite”

Diseases and low birth weight:
Table 4.14 Diseases and other condi:io‘ns‘ in B
adules related to smallness or thinness
at birth2447

Mood disorders
Autcimmune discases Orbesity
Bronchitis Owarian cancer
Cardiovascular discase Polycystic ovary syndrome
Decreased bone mineral Schizophrenia
content Short stature
Gestational diaberes Stroke ]
Hypericnsio Subfertility in males
Kidney disease Suicide
Merabolic syndrome Type 2 diabetes

LA RSSO

*Developmental Origins of Adult Disease” — *Barker Hypothesi



Birth weight & cardlovascular d sease
Table 4.15 Association of b|rd\weughr. with the ruskHF

of cardiovascular disease in the U5, g
Murses Stdy* |
BIRTHWEIGHT RELATIVE RISK OF: _ |
Heart Discase Stroke
=5 Ib (2240 g} 1.5 2.3
5-5% Ib (22402500 g} 1.3 1.4
5%=7 Ib (2500-3136 g) 1.1 1.3
7-8% Ib (3136-3808 g) 1.0 1.0
§1-10 b (38084480 g) 1.0 1.0
=10 Ib (=4480 g) 0.7 0.7

Low birth weight — 50-100% greater risk of heart disease/stroke

Fetal undernutrition and adult disease:

Maternal Placental Placental Fetal Fetal
diet blood flow transfer genome “distress”

Nutrient supply is less than nutrient demand
— FETAL UNDERNUTRITION
Impaired development: Decreased growth,

Body composition:
Blood vessels —liver increased maturation Muscle, skeleton |
—kidney — pancreas  Insulin+IGF-11, cortisol 1, Fat 1

- brain sparing Hypoxia, nutrient oxidation 1

Hyperlipidaer Central . Insulin
Hypertensi obesity resistance

Cardiovascular diseases — type-2 diabetes.

Barker, 1998

Body Growth and Development

(Brown ch. 4)

« Critical periods
— hyperplasia
— hyperplasia and hypertrophy
— hypertrophy
— maturation
+ Body oomposmon
— Di i in fat, protein mi I

Growth/cell proliferation in different tissues:

+ No stop during the life time — intestinal/skin epithelia

+ Growth arrest — but ability to re-adapt (liver, muscle, heart)
« Complete stop of growth (skeleton, nervous system)

Under-weight or i fi - h

Fetal compromize: Maternal compromize:

Genetics, toxicity

Blood flow obstruction
Infection, inflammation
Dysplasia, dystocia
NUTRITION

(e.g. glucose, folate, Fe)

Diabetes, preeclampsia
Placentitis

Infection, inflammation
Dysplasia, dystocia
NUTRITION

(e.g. energy, protein, Fe)

Ischaemia - hypoxia

Cortsol, glucagon 1 Prostaglandin
Catecholamines 1 Endothelin-1
Angotensin-2

Central/abdominal blood flow
Periferal blood flow | \

[viabiity | | [ Total body growth | | [o ion 1 |

Early malnourishment and later diabetes risk
in nutrition transition
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Chemical change during fetal Iife:

Table 4.12 Estimated changes in body composition of the fows by
time in pregnancy’"

Component 10 Weeks 20 Weeks 30 Wocks 40 Weeks
Body weight, g 10 300 1667 3450
Water, § <9 263 1364

Protein, g <1 2 134

Fat, g =1 26 3

Sodium, meq <1 £+ 136

Potassium, meq <1 12 75

Calcium, g =1 1 10
Magscsium, mg <1 5 31

Iron, mg <1 17 104

Zine, mg, <1 [ 26 3

Skeleton — Muscle — Fat

Skeleton — Muscle — Fat

Fetal undernutrition — later obesity and type-2 diabetes
(AD: Ad libitum fed mothers; UN: Undernourished mothers)

1) How critical are specific for  2) What are th
development at specific life stages? are affected short- lennllong—lelm"

Brejer, Krechowec & Vickers, 2006: Programming of Obesity — Experimental evidence.
In Early Life Origins of Health and Disease, Wintour & Owen, eds.

Growth trajectories in fetal life?

Normal growth
Late restriction & fetal wasting

Early growth restriction
Early growth restriction + catch-up
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Chemical change during fetal life:
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Tissue growth rate during development
®
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Age from conception to maturity
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Birth and its complications

CASE study: Immature gut & nutrition

Following birth, preterm babies at Rigshospitalet
have severe digestive problems. Use research
to solve the problems. You have unlimited
ressources to work with pigs as a model
animal. Suggest 3 experiments to understand
and/or solve the problem? Indicate specific
questic Imethods/expected result:

Early Nutrition — Later disease:

Diet-related health

24 Conception

“, b
Osteoporosis
immune-defects

I
|Concept. Emoryo. Fetus Newdorn nfant Ghid Adol. | Digestive disease.

Growth & maturation — not the same:

t affoct
fetal preparation for birth?

Nutrition of an immature gut?
How to understand and/or solve the problem?
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‘4P E~Q: Mode of birth?
;/EExp: Caesarean section versus vaginal birtt

Anal: Hormonal levels, gut microbiology?
) -

Under-weight or immature fetuses — how to help?

Early delivery Delivery delay
— postnatal catch-up - maturation
In utero intra- Ex utero feeding

amniotic feeding? of "fetal” diets?

Prenatal Prenatal
growth i
Nutrient-enriched Parenteral or
milk formulas elemental diets
Postnatal Postnatal
growth i

tritional transition at birth:

Parenteral nutrition Enteral nutrition
in utero ex utero

Endocrinology | Oral food
Metabolism
Circulation

The nutritional transition at birth:

BIRTH

Fetus: n Newborn:
Parenteral Enteral
nutrition nutrition
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Energy stores in newborn infants and animals Time and terms, pre- and postnatally Infant mortality:
(Fletcher, 1992) b

1870 malamal Revohson

Species Weight Fat Muscle Liver r
birth store glycogen | glycogen 3
(kg) (g/kg) (g/kg) (g/kg) £
i
Humans 35 [[160) 75 3.8 i
GuineaP. | 04 |\110/] 45 55 f
Rabbit 005 | 58 2.3 2.7 i
Sheep 4.5 30 8.8 2.2 . — .
Pig 1.3 11 20.9 21
Rat 0.005 11 1.8 5.8
-
Iustration 4.3 Chrensiagy of evests relsted 1 dechnes in infir mortabry in the Unioed Stses.
Weight, age at birth and mortality Peri i
: erinatal problems in famous people
S A —— Infants at Risk e A
Navn Fodsel Problem 1)
* Low birthweight infants rstat] § i¥/fndcl a
: g;esttgi'gr:”fa"ts i sita £ WS @ JohannesKepler 1571 7mdr.graviditet 160
. Isaac Newton 1642 Veegi: 1,5 kg 170
« Infants born with consequences of ) o p .
abnormal development F.M. de Voltaire 1694 Ingen vejrtrekning 180
« Infants at risk for chronic health Johann Goethe 145 Tisynelad. dedfedt 200
problems Winston Churchill 1874 7% mdr. graviditet
+ Families of infants with special health Pablo s 11 - Theyne ad. dudfit
CooibrsenecE  beyou beheereNbevardlIig care needs Perinatal problems do not always lead to poor mental/intellectual skills!

Key Nutrition Concepts

Preterm & term milk — differences? Milk and microflora in preterms:

Dilated vessels
d Translocation of bacteria

« Early nutrition services and other interventions
can improve long-term health and growth among
infants born with a variety of conditions.

. The number of infants requiring specialized
Open, aopnic mucosa nutrition and health care is increasing due to the
- : improved survival rates of small and sick
! p penetraton o bacteria :

R,

Infants who are born preterm or who are sick
early in life often require nutritional assessment
and interventions that ensure they are meeting
their nutritional needs for growth and
development.




Haemodynamics & jaundiceems s

Villous growth, enteral food and GLP-2

Key Nutrition Concepts

Fetus: » BIRTH Newborn:
+ Nutrient requirements of term newborns e EZ,TEZ?SES " ||~ En;?ﬁ:;:;rcl)t:on ENHEILP Total Parenteral Nutrition
have to be modified for preterm infants. 2o o anr
* Knowing the needs of sick and small R s oo e )
newborns results in greater ; —_—
understanding of the complex nutritional Slood ciculaton Srenet i ctimiated l$$
needs of all newborns and infants. re-absorpton anclor :::‘rl::;. (=)
aem synthesis.
+ Changing feeding practices, such as the :;:.:;Iallsm' e "’"e excretion
care of infants outside the home and the s immature gut motility - ’
early introduction of foods, markedly Amniotic fluid g JAUNDICH Bt ss sec |
o H i i Bilirubin re- e ns
affect nutritional status of infants. oo —— e ; absorption (% L
Necrotizing enterocolitis (NEC) _ ; .
Preterm gut (mal)adaptation in preterm infants and piglets: Gut responses to milk formula:
Infant Pig o

Gut quiescense. .. Gut challenge... Gut disaster...

“"W

Infant

Nutritional development?

Metabolism/endocrinology?.

Catheterization of fetal pigs in utero




