Developmental programming of obesity and
related metabolic and cardiovascular
disorders
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Introduction

o obesity and related metabolic disorders
such as type 2 diabetes have reached
epidemic levels

o these increases are largely attributed .
to lifestyle factors such as poor diet and HEALTHiSSUE

the decline in physical activity gllll:;er -
o now well-established that alterations in Sized 3
early life nutrition can increase risk for K"!ﬁm
obesity and metabolic disorders in oo sty
obesity epidemic

offspring

-Can disease “programming”
be prevented ?
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What determines our health potential?

Disease

risk
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Programming Definition

‘a stimulus or insult operating
at a critical or sensitive period
of development could result
in a long-standing or life-long

effect on the structure or
function of the organism.”

J

You are what mum eats

Health reporter Martin Johnston outlines how a mother's diet shapes her child's life.
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The oceans—why 70%
of our planet is in danger

The Facebook Movie:
The secret history of
social networking

How the
first nine
months
shape
therest
of your life

of fetal origins
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Predictive Adaptive Response
(PARs hypothesis)

in response to “hard times”, the fetus makes a series of
metabolic adaptations to survive.

* impaired fetal growth permanently changes the
body’s structure and physiology

e adaptive for compromised nutrition

* maladaptive for overnutrition

e impact of nutrition transitions (e.g. rural
urban shift and move from traditional diets)
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What determines our health potential?

Disease
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The Dutch Famine 1944-1945

- A severe famine afflicted the Western part of the
Netherlands in the last 6 months of World War |l
(November 1944 to May 1945)

- Daily intake reduced from 1800 calories to 400-800 calories

- The Dutch famine provides a unique “experiment of history”
to test the ‘programming’ hypothesis
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The Dutch Famine 1944-1945

- exposure to maternal malnutrition was
associated with 2-fold risk of
childhood obesity

- 3-fold increase in cardiovascular
disease and atherogenic lipid profiles

- 6-fold increase in risk of breast cancer
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Relevance to Asian populations

Rapid increases in rates of obesity and type 2 diabetes in
Western Pacific and Asian societies

- Many Asian populations have a higher risk for diabetes and
cardiovascular disease at a lower BMI compared to Caucasians
— different BMI cut-offs
- E.g. the “thin-fat” Asian-Indian babies, similar BMI
but increased abdominal fat

- recent census data — almost 20% of NZ populatlon IS how
Asian/Pacific Islander :

- Effect of nutrition
transitions to “Western”
diets
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Maternal nutrition — a “U"-shaped curved

Maternal
hyperleptinemia

Premature
leptin surge

Lack of leptin? Leptin resistance?

Relative risk of development
of obesity in the offspring

< >
| Under-nutrition Normal Over-nutrition

Maternal body weight during pregnancy

Q‘ Grattan D R Endocrinology 2008;149:5345-5347 Gravida g
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Animal models are a key tool for the investigation of
mechanisms underlying the early life development of
obesity and related metabolic disorders
Gravidag
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Animal models of early life
nutritional manipulation

R—

Contrc

Undernutrition

Supplements 7 Lowprotein
e.g. Folic acid —

“527 High sugar

Va?'
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Animal models of early life
nutritional manipulation

Obesity

. High fat
Type 2 Diabetes
” T Heart Disease
-\ ‘ Altered appetite

Undernutrition Inflammation _ High salt
Reproductive Disorders

I~
PN
% High sugar
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Maternal Undernutrition

Balanced Diet from Birth

Control UN Mother
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Moderate maternal undernutrition
- 50% of ad-libitum throughout pregnancy

Onset of Puberty

Fat mass (DEXA) Plasma Leptin
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- Even moderate undernutrition in the rat induces significant
obesity, hyperleptinemia and early onset puberty in
offspring independent of postnatal diet
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Maternal Obesity

- Over 60% of women of reproductive age (15 to 44 years)
in the US are overweight

- obesity “epidemic” in pregnant women

- leads to increased complications of pregnancy including
miscarriage, hypertension, gestation diabetes

- maternal obesity leads to increased risk of
obesity and metabolic disease in offspring

e cheices

Mums who eat cake have fat bables

Friday April 4 2008
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Maternal Obesity

Chow fed offspring of mothers fed a HF diet

Body fat
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- maternal high fat nutrition induces significant obesity in offspring,
independent of the level of postnatal diet
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Maternal Sugar Intake

“..sugar should be thought of, like cigarettes

and alcohol, as something that’s killing us”
Now Available in Smaller Sizes Robert Lustig, UCSF, 2011
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When You Want To
Be Just a Little Fat

Coca-Cola - Servmg Obesity Since 1886
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Maternal Fructose Intake

Plasma leptin, birth

Pure 4-
pleasure/

0 T
Control Fructose

Maternal fructose intake
results in increases in
obesity-related hormones
Seven-Up is so pure...so wholesome! in offspring at birth
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Maternal Salt Intake
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Adipose Tissue

- high maternal salt intake resulted in increases in
inflammatory markers in maternal fat tissue
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"REVERSAL
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When, why and how ? j
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The TAKE CHARGE

SERIES

The o & )

How Fit - e
~ Is Your Fat?

BOARD-CERTIFIED CLINICAL NUTRITIONIST
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Role of Leptin

Neonatal Leptin Treatment Reverses Develoomental

PI‘O ammin L"|::-1:13-'1"igh1,E-2:'§r1'1 gg:l:lr;nbli Dﬁ;el E‘i‘cﬂj cll:"iilial 15-;‘33@11:5
gr g

doi: 10.1210/en. 2005-0551

M. H. Vickers, P. D. Gluckman, A. H. Coveny, P. L. Hofman, W. S. Cutfield, A. Gertler, B. H. Breier,
and M. Harris
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Maternal Taurine Supplementation

Obese mothers

Maternal Plasma Insulin Maternal Plasma IL-1B
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Cont Cont-Tau Fr Fr-Tau Control Control +Taurine FR FR+Taurine

- fructose supplemented mothers are hyperinsulinemic compared
to control mothers with increases in inflammatory markers

- these effects are normalised with maternal taurine
supplementation
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Physical activity
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UN offspring respond well to moderate exercise
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Dietary intervention in obese
mothers prior to pregnancy

Sub t Fat M Lepti Insulin
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- dietary intervention in obese mothers 4 weeks prior to
conception
- reversed metabolic programming in offspring of
obese mothers
- effects persisted into adult life
(& el Zambrano et al, J Physiol, 2010 GI’aVIdag
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o o
Epigenetics
- heritable changes in gene function that do not
alter DNA sequence

Methyl Donors
Folic acid?

4

I

Maternal supplementation
improves metabolic and

ing? —>
G IyCI ne cardiovascular outcomes
in offspring

Choline3
1. Torrens et al, (2006)

2. Jackson et al, (2002) .
‘J el T 3. Vickers et al, (2012) Gravida
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Te re Wananga o Tamaki Makaurau

- interventions in setting of “intact” systems may lead
to adverse outcomes

- how best to identify those “at risk” of programmed
disorders ? — tailored approach, metabolic markers
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Discussion

CHRONIC METABOLIC DISEASES

/S ' N h J
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DEMENTIA CANCER POLYSYSTIC NON-ALCOHOLIC
OVARIAN FATTY LIVER
SYNDROME DISEASE

- there is no doubt that alterations in the early life
environment can increase the risk for obesity and
metabolic disorders in offspring in later life

- the early life period of developmental plasticity
offers an avenue for prevention Gravidag
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Discussion

Obesity begets obesity so a vicious cycle ensues

Il(

programming”

Transgenerationa
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