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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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General:
Course Literature:
Nutrition 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 et al., Ch 4  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.

Dietary changes during development?

- 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
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Developmental nutrition research
- difficult?
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- 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

Inaccessible Sensitive No senses OK! Inaccessible

No consent

LONG TERM STUDIES:

RESULT: Nutritional advice based on epidemiology and tradition

Fetus
Preterm
birth

Term
birth Weaning

Nutrition-critical life stages

Important supplement: Animal model developmental studies 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?

Nutrition and development of the fetus
Maternal & fetal tissue changes: (Brown 4.17)

Blood supply + Maternal fat – early gestation
Extracellular Fluid +  Fetus – late gestation

Gestational age (wks)
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Fetal & maternal tissue growth:

Time: Placenta → Maternal weight & blood volume → Fetal protein → Fetal fat
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Maternal & fetal tissue changes: (Brown 4.11)

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?

Tissue growth & nutrition in pregnancy
1st trimester 2nd trimester 3rd trimester

Mother

Mother

Embryo

Placenta/uterus

BMR ↑
Fetal growth ↑

Type-2 DB ↑

Nutrients
Mother

Mother

Embryo

Placenta/uterus

Nutrients

Maternal fat ↑
Uterus ↑

Catabolism:
Insulin ↑

Glucose ↑
Glycogen ↓

Gluconeogenesis ↑
Ketogenesis ↑

Tissue fat ↓
Blood lipid ↑, HDL ↓

Mother

Mother

Embryo

Placenta/uterus

Placenta ↑
Blood flow/vol. ↑

Fatique ↑

Nutrients

Adipose tissue

Anabolism:
Insulin ↑

Glucose —
Glycogen ↑

Fat ↑
Protein —

Anabolic & catabolic pregnancy phases

Despite increasing body weight the physiological state is catabolic

Maternal and fetal weight gain:

Low maternal gain in underweight mothers → lower birth weight →
higher perinatal morbidity/mortality

Placental nutrient transfer:

Well-controlled and selective nutrient transfer – ”the intestine of the fetus”

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”

Body weight increase across species:

Sigmoid curves

Age at adult weight:
Similar among breeds
- differs among species

Birth weight and infant mortality:

Neonatal mortality and 
morbidity is high and is 
related to birth weight

Diseases and low birth weight:

”Developmental Origins of Adult Disease” – ”Barker Hypothesis”
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Birth weight & cardiovascular disease

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

Maternal compromize:

Under-weight or immature fetuses – mechanisms?
Fetal 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)

Central/abdominal blood flow ↑
Periferal blood flow ↓

Cortisol, glucagon
Catecholamines

Angiotensin-2

Prostaglandin
Endothelin-1
NO

Viability ↓ Total body growth ↓ Dysmaturation ↑

Ischaemia - hypoxia

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

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

1) How critical are specific nutritients/foods for
development at specific life stages?

2) What are the organs/tissues that
are affected short-term/long-term? 

Fetal undernutrition and adult disease:
Maternal

diet
Placental
blood flow

Placental
transfer

Fetal
genome

Fetal
”distress”

Nutrient supply is less than nutrient demand
→ FETAL UNDERNUTRITION

Impaired development:
Blood vessels –liver
– kidney – pancreas

- brain sparing

Decreased growth,
increased maturation

Insulin+IGF-1↓, cortisol ↑,
Hypoxia, nutrient oxidation ↑

Body composition:
Muscle, skeleton ↓

Fat ↑

Hyperlipidaemia
Hypertension

Central
obesity

Insulin
resistance

Cardiovascular diseases – type-2 diabetes Barker, 1998

Early malnourishment and later diabetes risk
in nutrition transition

Barker, 1998

Growth trajectories in fetal life?

Fetal age Full term

Fetal
weight

90%
percentile

10%
percentile

Early growth restriction
Early growth restriction + catch-up

Normal growth
Late restriction & fetal wasting

A light baby
born at term 

A light baby
born preterm

Body Growth and Development
(Brown ch. 4)

• Critical periods
– hyperplasia
– hyperplasia and hypertrophy
– hypertrophy
– maturation

• Body composition
– Differential increases in fat, protein minerals 

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)

Chemical change during fetal life:

Skeleton development → Muscle development → Fat development

Chemical change during fetal life:

Skeleton development → Muscle development → Fat development (Brown Table 4.12)
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Different tissue
priorities at different
life stages 
(Sir Hammonds
”growth waves”)

Tissue growth rate during development
(Reeds et al., In Growth of the Pig, ed. GR Hollis) Early Nutrition – Later disease: 

Diet

Diet-related disease

Cancer
Obesity
Allergy
Diabetes-2
Osteoporosis
Immune-defects
Digestive disease
Cardiovasc. diseases

Processing
Microflora
Bioactives
Vitamins
Minerals
Protein
Sugar
Fiber
Fat

Conception

Elderly

♀♂

†

Growth &
Function:
Skeleton
Muscle/Fat
Digestive
Metabolic
Mobility
Cognitive

Diet-related health

Concept Embryo Fetus Newborn Infant Child Adol. Elderly

Under-weight or immature fetuses – how to help?

Early delivery
– postnatal catch-up

Delivery delay
- maturation

Nutrient-enriched
milk formulas

Parenteral or
elemental diets

In utero intra-
amniotic feeding?

Ex utero feeding
of ”fetal” diets?

Postnatal
growth hormones?

Postnatal
maturation hormones?

Prenatal
growth hormones?

Prenatal
maturation hormones?

Birth and its complications
Growth & maturation – not the same: Nutritional transition at birth:

Enteral nutrition
ex utero

Birth

Parenteral nutrition
in utero

How does
the gut 
adapt?

Amniotic fluid

Endocrinology
Metabolism
Circulation

Oral food

Microflora

Good models?

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
questions/methods/expected results.

Q: Validation of animal model?
Exp: Gut development and disease
Anal: Gut growth and function, pathology

Q: Maturity at birth?
Exp: Caesarean section at various ages?
Anal: Clinical outcome, disease, diarréa

Nutrition of an immature gut?
How to understand and/or solve the problem?

Q: Diet type and amount?                     
Exp: Mothers milk or formula?
Anal: Mucosal atrophy

Q: Route of nutrients?
Exp: TPN, TPN-Enteral, Enteral?
Anal: Mucosal digestive enzymes

Q: Amount and frequency?
Exp: Bolus vs. continuous?
Anal: Intestinal motility, disease

Q: Carbohydrate?
Exp: Lactose or glucose in formula?
Anal: Sugar digestion and absorption

Q: Protein?
Exp: Casein, whey or vegetable protein?
Anal: Protein digestion and absorption

Q: Fats?
Exp: LCT, MCT, polyunsaturates?
Anal: Fat digestion/absorption, immune

Q: Vitamins?
Exp: Antioxidants, E vit, C vit in formula?
Anal: Gut inflammation, cell cycle

Q: Bacteria?
Exp: Antibiotics treatment?
Anal: Inflammation, bacterial culture

Q: Mode of birth?
Exp: Caesarean section versus vaginal birth
Anal: Hormonal levels, gut microbiology?

The nutritional transition at birth:

Fetus:
Parenteral

nutrition

85%

15%

100%

BIRTH Newborn:
Enteral
nutrition

Liver

Urea production
Gluconeogenesis
Bile production
Bilirubin conjugation

Kidneys
Waste excretion
Gluconeogenesis
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5.54.51100.1Guinea P.
2.72.3580.05Rabbit

5.81.8110.005Rat
2.120.9111.3Pig
2.28.8304.5Sheep

3.87.51603.5Humans

Liver
glycogen

(g/kg)

Muscle
glycogen

(g/kg)

Fat
store 
(g/kg)

Weight
birth
(kg)

Species

Energy stores in newborn infants and animals
(Fletcher, 1992)

Time and terms, pre- and postnatally Infant mortality:

Text

Weight, age at birth and mortality

Good prospects - beyond 28 weeks, beyond 1 kg.

Infants at Risk

• Low birthweight infants
• Preterm infants born before 34 weeks of 

gestation
• Infants born with consequences of 

abnormal development
• Infants at risk for chronic health 

problems
• Families of infants with special health 

care needs Perinatal problems do not always lead to poor mental/intellectual skills!  

Perinatal problems in famous people
(TNK Raju, Neonatal & Perinatal Medicine, 1983)  

Preterm & term milk – differences?

Mothers milk

Mothers milk
Tight mucosa

Milk-replacer

Milk and microflora in preterms:

Gastroenterology, 130, 2006
Am.J.Physiol. 289, 2005
J. Nutr. 135, 2005

Translocation of bacteria

Open, atrophic mucosa

Dilated vessels

Deep penetration of bacteria

Loss of muscle tonus

Key Nutrition Concepts
• 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 
nutrition and health care is increasing due to the 
improved survival rates of small and sick 
newborns.

• 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.
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Key Nutrition Concepts

• Nutrient requirements of term newborns 
have to be modified for preterm infants.

• Knowing the needs of sick and small 
newborns results in greater 
understanding of the complex nutritional 
needs of all newborns and infants.

• Changing feeding practices, such as the 
care of infants outside the home and the 
early introduction of foods, markedly 
affect nutritional status of infants.

Haemodynamics & jaundice(Brown p. 184-187)

Fetus:
Parenteral nutrition

and placental O2

BIRTH Newborn:
Enteral nutrition

and lung O2

Blood circulation

Fetal Hb/blood cells
(elevated oxygen binding)

Liver

Placental
metabolism

Intestine

Amniotic fluid
ingestion
Meconium plug

Bilirubin (BR)
conjugation &
bile excretion

Adult Hb/blood cells
(elevated oxygen binding)

Breast milk-stimulated
re-absorption and/or
haem synthesis.
Inadequate feeding,
poor liver function &
immature gut motility

Excretion or
bilirubin re-
absorption

JAUNDICE:
Bilirubin re-
absorption

Villous growth, enteral food and GLP-2

Total Parenteral NutritionEnteral mother´s milk

Am. J. Physiol. 279, 2000

TPN+GLP-2               

Cross section of intestine

Preterms

Preterm gut (mal)adaptation
Gut quiescense… Gut challenge… Gut disaster…

Necrotizing enterocolitis (NEC)
in preterm infants and piglets:

Pig

Infant

Pig

Infant

Infant Pig

Healthy Sick

FETAL PIGS

OK

Gut responses to milk formula:

Mothers milk
/milk replacer TERM PIGS

OK

PRETERM PIGS

Problem!

Nutritional development?

Metabolism/endocrinology?

Microbiology/immunology?

Disease pathology/etiology?

Catheters inserted
in carotid artery
under anaesthesia

Catheterization of fetal pigs in utero
- 3 pigs per litter
- 75-95% gestation
- Birth by Casearean

Fetal sampling
and infusions


