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Nutrition and health
common misperception

our health depends entirely on your lifestyle and your genes
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Common variations
In genes

account for <10% of
common diseases
such as

obesity

diabetes

heart disease

cancer
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Determinants of adult disease

Jr

Disease

Early life
events
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As birth weight falls type 2
diabetes risk increases

+

B Wt (gm) \ % Odds
ratio

<2500 JSGA 20 30 6.6
-2900 54 19 4.8

- 3400 114 17 4.6

- 3900 123 12 2.6

- 4300 64 6 1.4
>4300 32 6 1.0

‘ 1) LIGGINS NsTITUTE Barker et al. Diabetologia 1993; 32 62-/.



Fetal Origins (The Barker)

Hypothesis
+

The origins of adult disease begin in
utero. Fetal malnutrition is proposed
as the cause of small birth size and
programmed later adult disease.

Barker D et al. BMJ 1989; 298:564-7.
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Birth Weight and Type 2
Diabetes Risk in Twins

+

Lifespan Twin study (Sweden)
2,888 monozygotic adult twins
185 with type 2 DM

Odds Ratio of 1 kg decrease in birth weight
and type 2 diabetes

Between twin pairs 2.23
Within twin pairs 2.03

Iliadou et al. Intl J Epidemiol 2004; 33: 948-53
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Maternal famine affects the health of

+

offspring

1t trimester famine:
Heart disease
Lipid problems
Obesity

2" trimester famine:
Chronic lung disease

3" trimester famine:
Diabetes risk

R, uocuan Painter R et al Reprod Tox 2005; 20: 345-52




Programming Sensitivity

+

SGA 1-3%
Sensitivity to programming

Conception
15t Trimester 2d Trimester 3" Trimester
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Insulin sensitivi
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Small at birth (SGA) children are
insulin resistant

Sensitive =
good
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Number of Clinical Events
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Long Term Risks of Insulin
Resistance

N=208 healthy adults CVA

FU at 4-11 yr

Insulin suppression test Type 2
CHD
-
CA
B

<4.4 <4.4<7.8 <7.8

SSPG (mmol/L
Facchini et al J Clin Endocrinol Metab 2001; 86: 3574-8
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Birth Weight, BMI and Insulin
Sensitivity
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Metabolic Changes in SGA

+

Children

Fasting lipids:
»Increasing cholesterol in late childhood

»Dys
adult

ipidemia beginning to occur in young
nood.

Blooc

pressure:

»>Small increase in daytime systolic BP

>4 in
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normal night-time BP dipping (ABPM)



Programming Sensitivity

Jr

Prems
3-5%

SGA 1-3%
Sensitivity to programming

—_—

Conception

15t Trimester 2d Trimester 3rd Trimester
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Insulin Sensitivity

p<0.001
—1=0 - | | |
% :
=30 -
7 :
| E : <32 wk gestation
&20 1
< |
-
\FI_/]_O Hofman P et al N Engl J Med.
— 2004 8; 351: 2179-86.
(f) Hofman et al. J Clin Endocrinol
Metab 1997; 82; 402-6

PSGA PAGA TAGA
(12) (38) (22)




Early Nutrition in Auckland
VLBW infants
+

_ow protein intake 0-4, 4-8, 8-12 wks
High lipid intake 4-8, 8-12 wks
High carbohydrate intake 4-8, 8-12 wks

Higher carbohydrate intake in the first
month of life was associated with
greater current BMI SDS (p<0.05).

Regan et al Pediatr 2006; 118: 1943-9.




Prematurely born adults are insulin
resistant and overweight

I P<0.01

| |
50-
P<0.01

40+
i l
20+~

Total Android Total Android
Premature Term

% Fat
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Prematurity and adult male adiposity

+

BMI (kg/m?)
N N N W w w
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T Fem PT Fem T Male PT Male

Mathai S et al Diabetes 2012; 61: 2479-83
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Prematurity affects the next generation!

Children Parents
P<0.01
' | ' | P<0.01
- P<0.01 I |
30 50~ i !
P<0.01
+w 207 w 40+
$ i
N S
10- 30+
0] 20+
Total Android Total Android Total Android Total Android
Premature Term Premature Term
Parents Parents

) TND Mathai S et al Diabetes 2012; 61: 2479-83



Programming Sensitivity

Post =
~|7 Term ([
2-4% =

R

Prems =y

3-5% =

SGA 1-3% g
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Background

+

Post-term children: born after 42 weeks
of gestation

Incidence of post-terms highly variable:
0.4-12%

In Auckland 2009-10:
1.8% European, 2.5% Maori and PI
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Post term children at 16 yrs

** p<0.01 *p<0.05 Females

«Same weight, height and
BMI

MEIES
«Same height but higher
weight
*Greater BMI

PT Boys T Boys PT Girls T Girls .8 { 17 Obese
Beltrand J et al J Pediatr 2011; 160: 769-773
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Insulin sensitivity

P value 0.036

(34)

T girls PT girls

T=Term PT= Post-term
Adjusted for age and DEXA fat mass

T boys PT boys

Ayyavoo A et al PLoSOne in press



Post term children

Lower insulin sensitivity
Higher cholesterol

Greater abdominal fat
Reduced nocturnal BP dipping

At risk of the Metabolic Syndrome
(diabetes, high blood pressure, greater
abdominal fat and high lipids)
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Programming Sensitivity

First born children 60%

Post 3

~|7 Term [
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Height

(1st vs 2nd ys 3rd borns)
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Savage T et al Clin Endocrinol 2013; Jan 24 epub Q



IGF-1

Firstborns Later borns

Savage T et al Clin Endocrinol 2013; Jan 24 epub Q
NEW ZEALAND



First born children are different

to later born children

1st borns 250 gm lighter

137 —0=0019 adjusted for 000
127 500
114 '
] —400 _ _
Insulin 10 - - Acute insulin
sensitivity i -300 response
(10m inte(m U/I)) I (m U/l
—200
8 I
" -100
6~ -0

1st Later 1st Later




First born children are different

to later born children

120
116

Daytime 112 -
Systolic BP
(mmHQg) 108 -

104

100 -

Ayyavoo A et al J Clin Endcrinol Metab 2013; 98(3): 1248-53

1st

Later

1st

Later

Daytime
Diastolic BP
(mmHg)
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Sunday, May 12
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Columnists

First-born children are more
likely to get diabetes... but they
are taller and slimmer too

« First-born children found to have greater difficulty in
absorbing sugars into the body
« Physical changes in the mother's womb during her first
pregnancy may help nutrient flow to future children
By CLAIRE BATES
PUBLISHED: 17 GMT, 12 Februsry 2012 | UPDATED: 17:18 GMT, 12 February 2012
are g

Being the eldest child has many advantages, such as having your
parents full attention and avoiding cast-off clothes

First-borns like HRH The Duchess of Cambridge (right) are more likely to be
taller and slimmer than their siblings (Pippa, left). But scientists suggest they
may also have a higher risk of diabetes, at least during childhood




Conclusions

First borns are taller, insulin
resistant with higher blood

pressure.

We speculate that reduce placental
vascularisation in first pregnancies
leads to nutritional compromise

and adverse metabolic programing
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Programming Sensitivity

First born children 60%

| Hyperemesis 2% Post §

[ Twins 2% 2-4% g

Older maternal age/older paternal age |Prems =1

| 57970 ="

V= 3

2-4% SGA 1-3% =
Conception

15t Trimester 2d Trimester 3rd Trimester
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PLoS ONE — Maternal age

12th most viewed PLoS ONE article of all time (61,000+)
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Programming Sensitivity

First born children 60%

| Hyperemesis 2% Post (=

) Term— |2
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Maternal/fetal obesity 27% / maternal gest. Diabetes 4-15%
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Birth Weight and Type 2 Diabetes
Risk in Taiwanese Children

_{_

Odds Ratio for Type 2
w

N

Diabetes

=

0
<25 2.5-3.0 3.0-35 3.5-40 >4.0

Birth Weight (kg)
Wei et al Diabetes Care 2003; 26: 343-8
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Gestational diabetes leads to
offspring obesity

Bl Weicht >85th percentile

| L] weight »85th percentile | ]
Mothers with glucose

--------------------------------------------------------- : B screening in
pregnancy

[ 9,439 offspring

GCT: 1 hr 50 gm
glucose challenge test

Hillier TA et al Diab Care
""""""""" : e 2007; 30: 2287-92

Q by +GCT, Normal OGTT Normal Fasting Fasting >95 myg/dL Fasting >5.3 mmol/I
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Conclusions

The optimal fetal environment is delicately
poised.

Deviation away from average progressively
increases risks of obesity, diabetes and
cardiovascular disease.
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Conclusions

Nutrition prior to and during pregnancy affects
the health of offspring lifelong

Excessive weight gain following fetal
undernutrition or malnutrition amplifies
programmed risks of metabolic disease
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Conclusions
What more to do

+

The triggers and mechanisms of
developmental programming remain
elusive and unclear

The contribution of early life events to
adult metabolic disease need to be more
accurately quantified
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Long term diabetes risk of insulin resistance

Cumulative risk of diabetes

80 —¢

60 —

40 -

20 -

Low Si- low Sq Insulin resistant
Low Si- high Sg
High Si- low Sg
High Si- high Sg

S 10 15 20 25

Years of follow-up

Martin B et al. Lancet 1992; 340: 925-9



2 hr glucose values in 702
50 yr old adults exposed to
famine in utero

O
o)
S

6.25 p value for famine 0.0009

6.00
5.75
5.50

Glucose (mmollﬁ_{_

5.25

5.00 :
Before Late Mid Early After

Period of Gestation
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Low birth weight and
metabolic syndrome

12

{Odds ratio
fior W45 in 0O Derivation cobkart 0 Valelation colwrt

dolescence
12

= PREMA study
(4.2, 20.4) 1,270 children
followed to
adolescence

b 21
Doqs (UG T.2) 1'1:1
(9.8, 3.8) (0.5, 3.8)

1 0th-25ih 25th-50th 50t h- T 5th Tath-20th =Bilth
Birth weight parcentile
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Body Composition in SGA
Children

I 29 SGA, 22 AGA. No differences in Ht, Wt nor BMI at 2,3, or 4 yrs

1.5- 131

*x
l—\
N

(|

*1 <0.05

!A
(@)
1

=
o

3\

Fat mass (kg)
o
Lean Mass (kg)

(o]

- AGA - AGA

2 3 4 2 3 4
Age (yr)
Age (yr)

‘ ¢) LIGGINS INSTITUTE Ibanez et al. J Clin Endocrinol Metab 2006; 91: 2153-8



Speculation

Double hit phenomenon:

Common gene variant leads to prolonged
gestation and risk of metabolic syndrome

The nutritional and physiological stress of
prolonged gestation amplifies metabolic
syndrome risks

LIGGINS INSTITUTE




