Altered early life nutrition and

programming of later adult disease
- A bad start lasts a lifetime
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Introduction

- obesity and related metabolic disease
have reached epidemic levels

- these have been largely attributed to lifestyle
factors such as consumption of high fat and
high sugar diets and the decline in physical
activity

- what is the relative contribution of early life
events to development of obesity and related
cardiometabolic disorders ?
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What determines our health potential?
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The First 1000 Days

- much of a child’s future is determined by the quality of
nutrition in the first 1000 days

Pregnancy: pd# HHis Infancy: |5

Babies developing in the womb Breast milk is superfood for
babies. Not only is it the best
nutrition an infant can get,
but it also serves as the first
immunization against

illness and disease.

Nutrients from a variety
&% Of healthy foods are an
Bessential complement to
¥ breast milk to ensure ()
healthy growthand  \
brain development.

draw all of their nutrients from ZZu
their mother. If mom lacks key
nutrients, so will her baby,
putting the child’s future health
and development at risk.

.

“..few other aspects of nutrient supply and metabolism are of greater biological
importance than the feeding of mothers during pregnancy and lactation”

www.thousanddays.org
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Altered nutritional exposures during early
development can imprint for life

s, : :
%’,% Altered early life exposures during
%/2‘3\\\ the First 1000 Days can leave an

7
ﬂ imprint that may have lifelong

consequences for the offspring
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Developmental Programming

“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.”

JOURMAL OF
DEVELOPMENTAL

ORIGINS OF HEALTH
AND DISEASE

How the
first nine
nhonths
sha

the I:gst j
of your life
The new science

ssssss
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Preconception +

Hanson and Gluckman 2014, Physiology Review 94: 1027-1076

Risk Interventions Mo intervention

& for affected Late intervention
adults have l impactful for
limited effect viulnerable groups

Late intervention

Childhood &
:;fn.;?s;ince. Earlier intervention
.E; ’E = ; improves functional
Mother ‘:::;;nw ;E ; f,*’ ;:apaﬂtf :'é Irleipﬂ nses
& infant: An g 2 new challenges
effective point 8
to intervene _.-Early intervention

-
-
—

--1—“-'—---'_-
- =

» Life course

Inadequate response
to new challenges

THE UNIVERSITY OF
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Impact of poor early life environment on health
in later life

Neurodevelopmental

Stress __ i/
NS disorders

Hypertension

Obesity Appetite dysregulation

Hepatic Steatosis Allergies, asthma

Reproductive * "
disorders

Type 2 diabetes

Nephron deficit

Osteoporosis _
Sarcopenia

Hyperlipidemia
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Clues from Geography
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FIG 3.1—Morthers in Hitchin, Hertfordshire ar the turn of the century.

Hertfordshire, UK, early 1900s .. i

Margaret Burnside -Lady Inspector of Midwives, 1905-

Records enabled tracing of 16000 men and women born in

Hertfordshire between 1911-1930
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The Fetal Origins or “Barker” Hypothesis:

Early Observations

1754

170

165

Systolic BP (mmHQg)

160

T

<55 5.5-6.5 6.5-7.5 7.5-8.5 >8.5

2.5kg - >4.0kg
Birthweight (Ib)

Mothers, babies and disease in later life, BMJ Publishing Group
Ann Intern Med 2000; 133: p 176-182

Incidence of Type 2 Diabetes

10

<5.5

5.5-6.5 6.5-7.5 7.5-8.5

Birthweight (Ib)
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American Nurses Study

1.25 H

1.00 +H

Relative risk

0.75 ~

0.50 -
<5.5 -5.5 -7.0 -85 -10.0 >10

Birthweight (lb)

-Over 70,000 participants

-Birth weight and mortality from
cardiovascular disease are inversely
associated in adult women

-birth weight and risk of non-fatal
cardiovascular disease and stroke
is also inversely associated in
adult women

-Associations not weakened when
controlling for childhood
socioeconomic group or adjusting
for adult lifestyle

Relative risk of non-fatal coronary heart disease and

stroke according to birthweight
Rich Edwards et al., BMJ 1997;315:396-400
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The Dutch Famine 1944-1945

":“. o -

- the Dutch famine provides a unique “experiment of o

history” to test the programming hypothesis
- Daily intake reduced from 1800 calories to 400-800
calories

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

- 3-fold increase in cardiovascular disease and

atherogenic lipid profiles

- 6-fold increased risk for breast cancer
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- Approximately 60% of
women of reproductive age
(15-44yrs) are either
overweight or obese

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

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

THE UNIVERSITY OF

(¢]
AUCKLAND

%
\&

LIGGINS
INSTITUTE



Not just maternal nutrition !

- increasing evidence for the role of paternal ", /” | ]
factors in health and well-being of offspring * . -

2. PRE-CONCEPTION

LOSE EXCESS WEIGHT
(men and women)

d‘\ FOUNDATION FOR

Fertility and healthy foetal development, and
reducing your child's risk of diabetes and obesity

Increased body mass index (BMI) in men, as well as obesity in women, can lessen
the chance of the female partner becoming pregnant. Studies have also linked male
obesity to problems with embryo and foetal development, and miscarriage.

A mother who is obese when she becomes pregnant is more likely to develop
gestational diabetes during pregnancy - increasing the risk of diabetes and weight
problems for your child as well.

PRACTICAL ADVICE
* If you, or your partner, are overweight, support each other in your efforts to get

Weight loss in males prior to conception can improve

* Losing 5-10% of body weight increases an overweight woman's chances
of becoming pregnant, and has other important health benefits.

* Women with a BMI of 30kg/m? or more should definitely aim to reduce weight. h ea It h ou tco mes fo r t h ecC h i I d

= |f necessary, talk to your healthcare professional about getting the right balance
of nutrients for safe weight loss, as well as appropriate physical activities.

Shared parental responsibility

Chronic high-fat diet in fathers programs [-cell

dYSfl.ll'lCthIl n female rat OffSp I']Ilg Ng et al, Nature, 2010, 467(7318) - AL UNWERS[T&E‘

LIGGINS

INSTITUTE




Transgenerational Effects

Environmental effects

e.g. maternal obesity, stress

F, (mother%----

Gerlfl cellst=---_

F, generation

The effects of a single environmental exposure can be transmitted
transgenerationally. An adverse maternal environment (F,) effects not only the

development of the fetus (F,) but can also affect the germ cells which form the F,
generation.

LIGGINS

INSTITUTE

) - - THE UNIVERSITY OF
. *5 ) AUCKLAND
Vickers MH, Ann. Nutr. Metab. (2014) @




Animal Models

= =
\i =

- use of pre-clinical models is essential to understand
mechanisms, avenues for intervention strategies and

transgenerational effects

.
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Maternal Undernutrition

THE UNIVERSITY OF

AUCKLAND
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Moderate maternal undernutrition
- 50% of ad-libitum throughout pregnancy

Onset of Puberty

Fat mass (DEXA) Plasma Leptin 100~
40- * = 207 *
= 80-
30 E 15 2
= _ cC - —
N — j:’ 3 601
e =
T 20- o 101 ' a
9 Q@ c 404
m < =
X 104 c 5 x
% 20+
0 o 0 -~ Control
Control UNP Control UNP 0- = UNP

||||||||||||
30 31 32 33 34 35 36 37 38 39 40 41

- Even moderate undernutrition in the rat induces significant
obesity, hyperleptinemia and early onset puberty in
offspring independent of postnatal diet
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Howie & Vickers, Br. J. Nutrition, (2012)



Insulin resistance and hypertension
in adult offspring

Systolic Blood Pressure

160- o H ”
| “Programming effect

150+ \

140+

1304 ——

mmHg

120+

110+

100

I I
Con-Chow Con-HF UN-Chow UN-HF

ng/ml

12+

10+

Fasting Plasma Insulin

I I
Con-Chow Con-HF UN-Con UN-HF

p<0.05 for effect of maternal diet and postnatal high fat diet

Vickers et al., Am. J Physiol. (2001)
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Maternal Nutrition and Learning

- maternal undernutrition has been e -

shown to lead to learning differences g onaten P
. . & 7 Lontro
in offspring _ ;%% e
g i v—Y Y UN
¥
- this has been replicated |/
in both animal and clinical oo s, —f S
COhOI‘tS Successive Reinforcers

Landon J et al., Learn. Behav. 2007; 3592:79-86 e AUCKIAND
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Blood pressure
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Programming in offspring following

Maternal Undernutrition

*
Coﬁtrol UN
Intake

Control

Insulin
3.0' *
2.54
2.0+
€
E., 1.5+
1.0 ——
0.5
0.0 T
Control UN
C-Peptide
2000 *
1500+
= 1000
0 .
Control UN

* p< 0.05 for maternal diet effect

Distance travelled (cm)

Leptin Fat Pad (%)
307 * o *
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54
204 4 T
104 T 2
> 1
0 ! 0 T
Control UN Control UN
Activity R. Temp
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L 3504
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Control UN Control UN

Reduced lifespan
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Obesity /. R
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Maternal Obesity = Offspring Obesity

Offspring
Body fat Age at Puberty
*
* 100=
40- 90-
B30
704
= 304 ‘Eh
(TR — o H0-
.:é" o -§- 50—
o 207 = a4
s = 304
10- 20
10— -8~ CONT chow
0 0 - MHF chow
Control Maternal HF Control Matemal HF —T— T
Mﬂles FemﬂIES i 0031 32 33 3 3B 36 37 38 20 40 4
Age (days)
Control  Maternal HF

- maternal high fat nutrition induces significant obesity and early onset of
puberty in offspring, independent of the level of postnatal diet — cycle of disease

Howie et al, J Physiol, 2009
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Maternal obesity and inflammation in
offspring at birth

— 3' * E 2-0- *
c =)
o » = 3
7 o 1.5- 2
Q b /2]
— Q. w
g 24 < @
® & T es 21
o > 1.0- SoX
2 = = @
© o T
- - 0.5- = )
(1.4 (o' E
< L =
) =

0 . : = 00 . 0 .

Control Maternal Obesity Control Maternal Obesity Control Maternal Obesity

- Maternal obesity leads to increased inflammation in livers
of offspring at birth
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Maternal Sugar Intake

Plasma leptin, birth

4 - *
3_
c 1T
1 -
0 |
Why we have the youngect Control Fructose

cuctomere in the buginece
Increased maternal sugar intake

: : results in hyperleptinemia in
/%;z%mg aﬁem‘/iejém 40 offspring at birth

THE UNIVERSITY OF

Vickers et al., Endocrinology 2011, Vickers et al. PLoS One 2015 &) usliiin
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What determines our health potential?

LIGGINS
INSTITUTE



Programming of taste receptors and
appetite

Gut Taste Receptor Tas1R1
300- *

M

=

o
1

Relative gene expression
—
o
=
|

o

Cnnltrol Obese

- maternal opesity can program appetite preferences in offspring
- also reported in the Dutch Famine cohort with reported preferences

for fatty foods
Reynolds and Vickers et al. Physiol Rep. 2015;3(10). pii: e12588

LIGGINS
INSTITUTE



Can programming be prevented via early

life nutritional modifications ?
NP Vs J N A Vet [ Cr

| Y ¢ ()
() }
(&8 &
O )
(
f_1 ) }
I E O
| () [ )
41 Il ! ) i

Modified from Stefan Johansson, Karolinska Institute Sweden



What interventions ?
* Dietary

* lipids, pre-/probiotics, taurine, vitamins,
polyphenols, methyl donors etc...
 Pharmacologic

e Leptin, growth hormone, insulin sensitizers
(GLP-1 analogs etc)

e Behavioral/lifestyle
e Exercise, counselling, health literacy etc...

P \
i 5 o
0pop &
@ “ »
\ vk & £
~ i
QTS
,, 7

When to intervene ? ;  literacy "
2 communication s
e Pre-conception, pregnancy, lactation, e F=§: il
early infancy/childhood education, 4S5 5
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Maternal Taurine Supplementation

Obese mothers

Maternal Plasma Insulin Maternal Plasma IL-1B
- 60 -
3.0 % «
2.5+ T 50 - T
é 2.0 40
= _
= 1.5 £ 304
— T o
» 1.04 0]
£
0.5+ 104
0.0 . . 0 , ,
Cont Cont-Tau OB OB-Tau Control Control +Taurine OBR OB +Taurine

obese mothers are hyperinsulinemic compared to lean control mothers
with increases in inflammatory markers

- these effects are normalised with maternal taurine supplementation

Vickers, Li et al (J. Nutr. Biochem, 2015) %) AUEKEARE
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Dietary intervention in obese
mothers prior to pregnancy

Subcutaneous Fat Mass Triglycerides Leptin Insulin
8001 b 8001 b 67 b 1501 b
600 600 1
_ 47 100+
5 s E =
£ 4009 T > 4001 > a a > a
< c < — o T
2 504
200 200A I
0 T 0 T 0 T 0 T
CON MO DINT CON MO DINT CON MO DINT CON MO DINT

- dietary intervention in obese mothers 4 weeks prior to conception

- reversed metabolic programming in offspring of obese mothers

- effects persisted into adult life

. BIEE] THE UNIVERSITY OF
Zambrano et al., ) Physiol, 2010 AT
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Sex-specific Effects

MALES
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Maternal nutrition and the breast milk
and infant microbiome

Mode of delivery
Infant sex
Ethnicity

Breastfeeding status
Breastmilk microbiota
Antibiotic use
Epigenetic factors

Growth patterns
Satiety and immune factors
Gut microbiome

Maternal health
E.g. overweight/obese, GDM
A

Altered risk for overweight/obesity
and cardiometabolic disorders

Transgenerational transmission of disease traits

Infant Breasfeeding
practices Milk

= W Cell Host & Microbe

i [ ] Volume 253, Issue 2, 13 February 2019, Pages 324-335.e4
mode —_ \WD@® ‘_m
—len
Early life @ T 3
Mother \ Age Article
Composition and Variation of the

Milk Diet . ) .
— SignificantAssociation  Microbiota Human Milk Microbiota Are Influenced

by Maternal and Early-Life Factors
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Practical Guidelines for Positive Action

- Most dietary advice is offered with
the aim of avoiding health issues
during pregnancy and minimising

risk A > — FOR LIFELONG
HEALTH
- Need to provide nutritional ¢ e iorod " &

guidance to help optimise the long
term future health of the baby

TTTTTTTT



The First 1,000
Days Of Life

EARLY

LIFE
NUIRITION

ACHITICAL WINDOW OF OPPORTUNITY

J Dev Orig Health Dis. 2016 Oct;7(5):440-448. Epub 2016 Jan 26.

Early life nutrition and the opportunity to influence long-term health: an Australasian perspective.

Davies PS', Funder J2, Palmer DJ?, Sinn J4, Vickers MH®, Wall CR?; as the Australia and New Zealand Early Life Nutrition Working Party.

https://elnc.psanz.com.au

Preke] THE UNIVERSITY OF
AUCKLAND LIGGINS

NEW ZEALANO INSTITUTE



https://elnc.psanz.com.au/

Discussion

Pregnancy First year Second year The first

Pre-conception + . + . + . - .

270 days 365 days 365 days 1000 days

- 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 i.e. the First 1000 Days,
offers an avenue for prevention

- Given the transgenerational impacts, it can also shape a society’s
long-term health
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