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Yellow dung fly – variation in size with 
dung scarcity or abundance. 
J Evol Biol. 2007 Jan;20(1):87-103  

 
Locusts – respond to overcrowding and 
food shortage by migration. This 
requires substantial phenotypic change 
which is determined in the larval stage. 

Early life nutrition is a common 
factor altering later phenotype 



Gene – environment 
interactions in development 

Environmental changes early in life can 
create permanent phenotypic alterations 
that have their primary advantage in later 
life. 
 
It is not the genome but the expression of 
the genome that determines our phenotype.  



Cloning ≠ identical phenotype 



Genome/ Nature 

Environment/ Nurture 

Phenotype 



We are born naked, wet and hungry  
Then things get worse…… 



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. 

   



Birth weight –and later 
disease 

360 men 
Age 64 yrs 

407 men 
Age 64 yrs 

Type 2 Diabetes Metabolic Syndrome 

British Medical Bulletin 2001; 60: 5–20 



Adult problems associated 
with low birth weight 
 
  • Metabolic Syndrome 

  • Obesity 
  • Coronary Heart Disease 
  • Type 2 diabetes mellitus 
  • Hypertension 
  • Insulin  resistance 
 
   



 Small at birth (SGA) children are 
insulin resistant 

Normal SGA 
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Hofman  P et al  J Clin Endocrinol Metab 1997; 82:402-6 
 

Sensitive = 
good 

Resistant = 
bad 



What 
happens if 
you are 
insulin 
resistant? 



Long Term Risks of Insulin 
Resistance 

Facchini et al J Clin Endocrinol Metab 2001; 86: 3574-8 

N=208 healthy adults 
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Which small babies at birth 
eventually get diabetes? 

Those that rapidly gain weight from 
mid-childhood through early adult 
life. 

 

Regular exercise is associated with a 
lower risk of type 2 diabetes in 
those of lower birth weight.  



Who has low birth weight (LBW)? 

 Prems SGA 
LBW 



0 

10 

20 

30 

40 

S
 i (

1
0

 -4
 m

in
 -1

 m
 U

/m
l)

 

PSGA PAGA TAGA 

p<0.001 

Insulin Sensitivity 

   (12)          (38)     (22)   

Hofman P et al N Engl J 
Med. 2004 8; 351: 2179-
86.  

<32 wk gestation 



Adult results 
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*p=0.04 
*p=0.0006 

Mean Fg glucose: preterm 4.72 & term 4.65 mmol/l 



Body composition 
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Preterm children are not obese 
but become so as they enter 
adolescence and adulthood. 

 
Older premature adults are much 

fatter - and 
their children are too 



What about post term births? 

 

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 

 

 



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

(19) (20) (17) (34) 

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) 



What about First Borns? 

 

Tend to be lightest child 

?Nutritionally compromised 

Are they different from other siblings? 

 

 



Height 
(1st vs 2nd vs 3rd borns) 

F irs t S e c o n d T h ird
-0 .6

-0 .4

-0 .2

0 .0

0 .2

0 .4

0 .6

* * *
† †

* * * *

B irth  o rd e r

H
e

ig
h

t 
S

D
S

C
o

r
r
e

c
te

d
 f

o
r
 M

P
H

 S
D

S

Savage T et al Clin Endocrinol 2013; Jan 24 epub 

p=0.01 

p=0.07 



First born children are different 
to later born children 

Ayyavoo A et al J Clin Endcrinol Metab 2013; 98(3): 1248-53  
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First born children are different 
to later born children 
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Summary 

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 



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

PLoS ONE – Maternal age 
 



And the most viewed article… 



Fetal Overnutrition versus  
Fetal malnutrition 

Large for gestational age babies at risk for 
similar problems seen in small for 
gestational age babies 

However they are more prone to obesity at 
an earlier age which then tracts through 
life 



Birth Weight and Type 2 Diabetes 
Risk in Taiwanese Children 
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Percentage obesity (BMI>95th PC) of 
children born at different birth weights 

Pediatrics Vol. 114 No. 1 July 2004 E29 

n   7188                  6438    5401 



Childhood obesity (BMI<95th PC)  
versus first trimester maternal weight 

in BMI quintiles  
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Diet/Exercise 

Type 2  

Diabetes 

Insulin Resistance 

Insulin Resistance 

Pregnancy/Obesity 

The Obesity Cycle 

Childhood Obesity 

Fetal-Neonatal 

Obesity 
Adult Obesity 



Conclusions 

The optimal fetal environment is delicately 
poised.  

 

Deviation away from the ideal progressively 
increases risks of obesity, diabetes and 
cardiovascular disease. 

 

   



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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