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Hertfordshire DataHertfordshire Data

HalesHales et alet al BMJ (1991) 303: 1019BMJ (1991) 303: 1019--10221022
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Associations with LowAssociations with Low
Birth WeightBirth Weight

Type 2 DiabetesType 2 Diabetes
Cardiovascular DiseaseCardiovascular Disease
Insulin ResistanceInsulin Resistance
ObesityObesity
HypertensionHypertension
CancerCancer



Fetal Malnutrition

Poor Maternal Nutrition Placental Dysfunction

Altered organ structure/function
(ß-cells, muscle, adipocytes, kidney, liver)

ObesityObesity
AgeingAgeing

Organ Malfunction, Type 2 Diabetes, Hypertension

METABOLIC SYNDROMEMETABOLIC SYNDROME

Thrifty Phenotype HypothesisThrifty Phenotype Hypothesis
(Hales & Barker, 1992)(Hales & Barker, 1992)



Results from Danish Twin RegistryResults from Danish Twin Registry

Birth weights (g) of MZ (67 years) and DZ (64 years) twinsBirth weights (g) of MZ (67 years) and DZ (64 years) twins
discordant for NIDDM (same sex)discordant for NIDDM (same sex)

P<0.02P<0.022842284224902490DZDZ

P<0.05P<0.052815281526442644MZMZ

NonNon--diabeticdiabetic
(g)(g)

DiabeticDiabetic
(g)(g)

PoulsenPoulsen et alet al DiabetologiaDiabetologia (1997) 40: 439(1997) 40: 439--446446

‘‘Our study supports an important role of intrauterine malnutritioOur study supports an important role of intrauterine malnutrition forn for
the development of NIDDM later in life. The intrauterine componethe development of NIDDM later in life. The intrauterine componentnt
is independent of genotype and may not be explained by gestationis independent of genotype and may not be explained by gestationalal
age, maternal height, birth order or sex.age, maternal height, birth order or sex.’’



Detrimental Effects ofDetrimental Effects of
Rapid Postnatal GrowthRapid Postnatal Growth

Following IUGRFollowing IUGR
vv Hypertension (Hypertension (LeonLeon et alet al., 1996., 1996))

vv Cardiovascular disease (Cardiovascular disease (ErikssonEriksson et alet al., 1999., 1999))

vv Type 2 diabetes (Type 2 diabetes (ForsenForsen et alet al., 2000., 2000))

vv Obesity (Obesity (OngOng et alet al., 2000., 2000))



Rapid Postnatal GrowthRapid Postnatal Growth
IsIs Associated WithAssociated With

Later ObesityLater Obesity
Systematic Reviews:Systematic Reviews:

vv OngOng et al., 2008et al., 2008

vv MonteiroMonteiro & Victoria 2005& Victoria 2005

vv Baird et al., 2005Baird et al., 2005



Neonatal NutritionNeonatal Nutrition
Breast fed infants at reduced risk of:Breast fed infants at reduced risk of:

vv ObesityObesity

vv Cardiovascular risk factorsCardiovascular risk factors

vv Type 2 diabetesType 2 diabetes

vv Raised blood pressureRaised blood pressure

Singhal & Lucas 2004; HarderSinghal & Lucas 2004; Harder et alet al., 2005., 2005



Rodent ModelsRodent Models
•• Low proteinLow protein
•• Calorie restrictionCalorie restriction
•• Iron restrictionIron restriction
•• Intrauterine artery ligationIntrauterine artery ligation
•• DexamethasoneDexamethasone treatmenttreatment
•• High fatHigh fat
•• ObesityObesity
•• Gestational diabetesGestational diabetes



Experimental DesignExperimental Design
FetalFetal LactationLactation PostPost--weaningweaning

BirthBirth WeaningWeaning

ControlControl 20%20% 20%20%
ChowChow

Highly PalatableHighly Palatable

8%8% 20%20%RecuperatedRecuperated
ChowChow

Highly PalatableHighly Palatable

PostnatalPostnatal
Low ProteinLow Protein 8%8%20%20%

ChowChow

Highly PalatableHighly Palatable



Early Growth DataEarly Growth Data

Control           1.57 ± 0.06    1.77 ± 0.03     3.82 ± 0.04    6.53  ± 0.05    7.75 ± 0.14

PNLP              1.57 ± 0.06    1.76 ± 0.03     3.10 ± 0.09***  4.47 ± 0.07*** 5.96 ± 0.20***

Recuperated 1.13 ± 0.03**  1.70 ± 0.04     4.23 ± 0.06***  8.13 ± 0.10*** 9.33 ± 0.15***

GROUP                Day 0             Day 3              Day 7 Day 14           Day  21
(g)                 (g) (g)                  (g)                  (g)

*** p < 0.001 compared to controls*** p < 0.001 compared to controls
** p < 0.01 compared to controls** p < 0.01 compared to controls



Mice Early Postnatal Weight GainMice Early Postnatal Weight Gain
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Mice Weight Gain IncrementMice Weight Gain Increment
on Highly Palatable Dieton Highly Palatable Diet
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Mechanisms of ObesityMechanisms of Obesity

vv Changes in energy intakeChanges in energy intake

vv Changes in energy expenditureChanges in energy expenditure



Food IntakeFood Intake

78.678.6 ±± 3.5**3.5**PNLPPNLP

96.796.7 ±± 2.0**2.0**RECUPERATEDRECUPERATED

88.388.3 ±± 1.41.4CONTROLCONTROL

FOOD INTAKEFOOD INTAKE
(3(3--8 weeks)8 weeks)

(g)(g)

GROUPGROUP

P < 0.01 compared to controls



Body FatBody Fat

2.442.44 ±± 0.33*0.33*0.770.77 ±± 0.03**0.03**PLPPLP

4.544.54 ±± 0.29***0.29***1.501.50 ±± 0.13***0.13***RECUPERATEDRECUPERATED

3.113.11 ±± 0.150.151.001.00 ±± 0.050.05CONTROLCONTROL

% FAT% FATFAT PADSFAT PADS
(g)(g)

GROUPGROUP

***p < 0.001, **p < 0.01, *p < 0.05***p < 0.001, **p < 0.01, *p < 0.05



Hypothalamic Regulation ofHypothalamic Regulation of
Energy BalanceEnergy Balance

SchwartzSchwartz et alet al Nature (2000) 404: 661Nature (2000) 404: 661--671671



Fed/fasted Leptin at WeaningFed/fasted Leptin at Weaning

0.090.09 ±± 0.013 ***0.013 ***0.110.11 ±± 0.0140.014 ******0.230.23 ±± 0.0210.021Fed leptinFed leptin
((nMnM))

0.030.03 ±± 0.007 *0.007 *0.090.09 ±± 0.009 *0.009 *0.060.06 ±± 0.0040.004Fasted leptinFasted leptin
((nMnM))

Postnatal lowPostnatal low
proteinproteinRecuperatedRecuperatedControlControl

*** p < 0.001 compared to control*** p < 0.001 compared to control
*   p < 0.05 compared to control*   p < 0.05 compared to control



Leptin SignallingLeptin Signalling

*** p < 0.001 compared to control*** p < 0.001 compared to control
*    p < 0.05 compared to control*    p < 0.05 compared to control
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ConclusionsConclusions
Early nutrition and growthEarly nutrition and growth

vv Influences risk of obesityInfluences risk of obesity
vv Alters hypothalamic geneAlters hypothalamic gene

expressionexpression
vv Alters leptin productionAlters leptin production



Defining MechanismsDefining Mechanisms

••Establishing Intervention StrategiesEstablishing Intervention Strategies

Future PerspectivesFuture Perspectives



Permanent Structural ChangesPermanent Structural Changes



Epigenetic MechanismsEpigenetic Mechanisms
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HypothesesHypotheses
to be testedto be tested

Novel mechanisms &Novel mechanisms &
hypotheses to be testedhypotheses to be tested

Animal ModelsAnimal Models
•• Maternal dietMaternal diet
•• Disease outcomesDisease outcomes
•• Other factorsOther factors
•• Interaction with genesInteraction with genes
•• InterventionIntervention

In Vitro StudiesIn Vitro Studies
•• Molecular MechanismsMolecular Mechanisms
•• Biomarkers of riskBiomarkers of risk

EpidemiologyEpidemiology
•• Disease associationsDisease associations
•• Growth and DietGrowth and Diet
•• Other factorsOther factors
•• Interaction with genesInteraction with genes

Integrative StrategyIntegrative Strategy

Human StudiesHuman Studies
•• BiomarkersBiomarkers
•• Identification of atIdentification of at

risk individualsrisk individuals
•• InterventionIntervention


