
Early Life Growth Patterns and Later Life Metabolic 
Consequences 

Phil Murray 
NIHR Clinical Lecturer in Paediatric Endocrinology 



Outline 

• Poor growth and the SGA child 

• Epidemiological Evidence 

– Small Size at Birth 

– Postnatal Growth Patterns 

– Intergenerational Effects 

• Mechanisms 

• So can we do anything about this! 

 

 

 



Growth Patterns and Later Life Disease 
Risk 

• Poor growth and the SGA child 



Albertsson-Wikland K, Karlberg J. Acta Paediatr Suppl. 1994:399:64.  
Miller HC, Hassanein K. Pediatrics. 1971;48:511. 

AGA vs SGA 
• Appropriate for gestational age (AGA) 

  – Birth weight and length within 2 SD of mean  
     for gestational age (GA)  

• SGA 
  – Birth weight and/or length at least 2 SD below  
      mean for GA 
  –  Other definitions 
    • Birth weight <2500 g, GA 37 wk 
    • Birth weight and/or length <3rd, <5th, or  
          <10th percentile for GA 



Does it matter if you are born small? 

• Increased neonatal morbidity and 
mortality 

• Impaired intellectual 
development and 
long-term psychological deficits 

• More likely to have unskilled or 
semi-skilled employment as adult 

• Associated with the metabolic 
syndrome 

– Hypertension 

– Hyperlipidemia 

– Type 2 diabetes mellitus 
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SGA/IUGR 
Birth weight and length of 3650 healthy full-term children 

 
87 (2.4%) - Group 3 3452 (94.6%) - Group 1 
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Albertsson-Wikland K, et al. Acta Paediatr, 1994; 83(Suppl 399); 64-70 

2014 UK – 698,000 Live Births 

SGA at birth 37,700 infants
  
  
  



Hediger ML et al. Arch Pediatr Adolesc Med. 1998;152:1225. 
Ventura SJ et al. Natl Vital Stat Rep. 2001;49:1. 

Low Birth Weight and Prematurity 

• Low birth weight (59% are SGA) 
 – Low: <2500 g 
 – Very low: <1500 g  
 – Extremely low: <1000 g 

• Prematurity 
 – Preterm: 32/33–36 weeks (12% are SGA) 
 – Very preterm: <32/33 weeks (15% are SGA) 

 



Hormonal regulation of size at birth 

de Zegher 1997a  
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• Epidemiological Evidence 



Growth Patterns and Later Life Disease 
Risk 

• Epidemiological Evidence 

– Small Size at Birth 



Relation Between Birth Weight and 
Glucose Tolerance at Age 64 Years 
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• Epidemiological Evidence 

– Small Size at Birth 

– Postnatal Growth Patterns 



Postnatal Weight Gain in SGA infants 



Insulin 
Resistance 

and Catch-up 
growth in 

SGA infants 



Barker DJ et al. N Engl J Med 2005;353:1802-1809. 

Mean z Scores for Height, Weight, and Body-Mass Index 
in the First 11 Years after Birth among Boys and Girls 

Who Had Coronary Heart Disease as Adults. Early Life Growth 
Patterns in Adults 

with 
Cardiovascular 

Disease 



Growth Patterns and Later Life Disease 
Risk 

• Epidemiological Evidence 

– Small Size at Birth 

– Postnatal Growth Patterns 

– Intergenerational Effects 



Intergenerational Effects – Birth 
Weight 

 Fig. 1 Percent SGA infants by grandmaternal height and maternal SGA status. 



Intergenerational Effects – Longevity 

The empirical distribution of longevity. Male and female probands survival when the paternal grandparent experienced at least 1 year 
of good availability of food in the environment (dashed line), or no year of good availability (solid line), during their SGP that is at 8–
10 years of age for the paternal grandmother and at 9–12 years of age for the paternal grandfather. No adjustments. N=306. (a) 
Paternal grandmothers availability of food during her SGP and the survival of the male probands. (b) Paternal grandmothers 
availability of food during her SGP and the survival of the female probands. (c) Paternal grandfathers availability of food during his 
SGP and the survival of the female probands. (d) Paternal grandfathers availability of food during his SGP and the survival of the 
male probands. 





Growth Patterns and Later Life Disease 
Risk 

• Mechanisms 



Barker DJP et al. Diabetologia. 1993;36:62.  Barker DJP. BMJ. 1995;311:171. 

Fetal Origins of Metabolic Syndrome 

Maternal 
undernutrition 

Other maternal or  
placental abnormalities 

Fetal 
undernutrition 

Other organ 
malfunction, 

eg, liver 

Metabolic syndrome 

Decreased 
-cell mass 

Type 2 diabetes  

Insulin 
resistance 

Obesity 
Age 

Abnormal 
vascular 

development 

Hyperlipidemia Hypertension 



Early life programming and later disease risk – Predictive Adaptive Response  

Thomas C Williams, and Amanda J Drake Arch Dis Child 

doi:10.1136/archdischild-2014-307958 



Intergenerational cycle of disease risk.  

Thomas C Williams, and Amanda J Drake Arch Dis Child 

doi:10.1136/archdischild-2014-307958 

Copyright © BMJ Publishing Group Ltd & Royal College of Paediatrics and Child Health. All rights reserved. 



Potential mechanisms accounting for the transgenerational transmission of disease risk.  

Thomas C Williams, and Amanda J Drake Arch Dis Child 

doi:10.1136/archdischild-2014-307958 



Cellular Metabolic Differences Occur in 
SGA derived fibroblasts 

• Intracellular and Extracellular Metabolome 
extracted and analysed via GC-MS in 8 SGA 
and 3 control fibroblast cell lines 

• 19 significantly differentially regulated 
metabolites  mostly amino acids and 
intermediaries involved in carbohydrate 
metabolism 

 



Interaction network of differences in metabolite regulation between control and SGA 
patient cell lines. Nineteen metabolites were identified as differentially regulated between 
control and patient cells, these were used to define a network with inferred protein and 
metabolite interactions (Ingenuity Pathway Analysis Software [IPA]).  



Epigenetics 



Methylation and Birth Size 
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• So can we do anything about this! 



Reprogramming 

• IUGR rodent model associated with reduced 
Pdx1 (transcription factor involved pancreatic 
beta cell development) associated with 
postnatal 

– Recruitment of HDAC1 and co-repressor Sin3A 

– Deacetylation of histones H3 and H4 

– Loss of USF-1 binding at Pdx1 promotor 

 



HDAC inhibitor treatment 



Conclusions 

• Being born small increases risk of 
cardiovascular disease in adulthood 

• Increased postnatal growth is associated with 
increased disease risk 

• This increased risk is passed through 
generations as far as grandchildren 

 

 


