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Putting growth in perspective  



Adult height and weight of preterm infants 

Adult height and weight of preterm infants (Hack et al, Pediatrics 2003) 



Difference between intrauterine and neonatal weights 



Growth curves of weight by postmenstrual age and week of gestation, superimposed on the British WHO UK 
1990 birth weight reference; 103 194 weights of 5009 babies born from 22-31 weeks' gestation from 40 neonatal units 

Preterm growth (Cole  et al, Modi on behalf of the Preterm Growth 

Investigator Group,  Arch Dis Child Fetal Neonatal Ed 2013)  



• Over 7 decades of research points to 
the adverse impact of accelerated 
growth, especially after a period of 
growth restriction 

• Slower postnatal growth velocity is 
the only “therapy” known to improve 
longevity and age related health in all 
species 

• Faster growth is not necessarily 
better growth 

• No randomised controlled trial 
targeting faster growth has shown 
neurodevelopmental benefit 

• Estimated ~ 50% of the variance in 
growth due to non-nutritional factors 

Growth is an epiphenomenon, not a primary outcome  



The WHO Multicentre Growth Reference Study 

• Undertaken 1997 - 2003  

• Analysed data from around 8500 

breast fed children born at term to 

healthy mothers from Brazil, Ghana, 

India, Norway, Oman and the USA  

• Provides a single international 

standard  for all children from birth to 

five years  

• Establishes the breastfed infant as the 

normative model for growth 

Growth velocity is slower in 
breast-fed compared with 

formula fed babies  



Neurodevelopment and “aggressive” nutrition 

• Slower growth is associated with 
more adverse neurodevelopment 

• Breast feeding is associated with 
slower growth velocity but 
improved  neurodevelopment 

• No randomised controlled trial in 
preterm babies to date, targeting 
faster growth, has resulted in 
sustained improvement in 
neurodevelopment or other 
functional clinical outcomes  

 

 

• Bigger is not necessarily brighter!  

• Faster growth is not necessarily 
better growth 

• Association is not causation 



PRACTICE POINTS 

• The optimal growth velocity of the 
preterm baby is unknown  

• Growth is a poor outcome measure for 
preterm nutritional studies 

• Do not try and force a baby back to 
their birth-weight centile if they are 
growing steadily 



What is known about the long-term, adult health of 

preterm infants?  



More likely than full-term counterparts to have higher (A) 

systolic and (B) diastolic blood pressure (Parkinson et al, Modi, Pediatrics 

2013)  



Prevalence of hypertension, obesity, metabolic syndrome, and fatty liver index greater than 30 in 
adults who were born early preterm (<34w) or late preterm (34-36w) compared with adults born at 
term (controls) in Northern Finland 1985-1989 

Metabolic syndrome in adults born preterm  
(Sipola-Leppänen et al,  Am J Epidemiol 2015) 

© The Author 2015. Published by Oxford University Press on behalf of the Johns Hopkins Bloomberg School of Public Health 



OR (95% CI) for diabetes by gestational age at birth. *Adjusted for sex and year of birth 

(thick bars) †Adjusted for sex, year of birth, if first born, socioeconomic status, and birth 

weight relative to length of gestation (thin bars) 

Type-2 diabetes prevalence is higher in adults born preterm 
(Kajantie et al, Diabetes Care 2010) 

Copyright © 2011 American Diabetes Association, Inc 



Preterm birth and cerebrovascular disease (Koupil et al, J 

Epidemiol Commun Health 2005, Ueda et al European Journal of Epidemiology 2014) 

• Shorter length of gestation associated 
with higher mortality from 
cerebrovascular disease, particularly  
occlusive stroke (14, 193 men and 
women born in Uppsala 1915-1929 ) 

• Birth before 32 weeks associated with 
nearly twofold increased risk of 
cerebrovascular disease compared to 
term born individuals (adjusted Hazard 
Ratio (95 % CI) 1.89 (1.01-3.54) 
(1,306,943 men and women born in 
Sweden, 1983-1995) 

 
 



Pregnancy complications in women born preterm (Boivin et al, CMAJ 2012)  

©2012 by Canadian Medical Association *p < 0.001 for trend 



The life-course of preterm birth (Swamy et al, JAMA 2008) 

22-27 weeks 

(Relative Risk) 

28-32 weeks 

(Relative Risk) 

Boys Girls Boys Girls 

Early childhood 

mortality  

(1-5.9 years) 

5.3 

(2.0-14.2) 

9.7 

(4.0-23.7) 

2.5 

(1.6-3.7) 

no increased 

risk 

Late childhood 

mortality  

(6-12.9 years)  

7.0 

(2.3-22.0) 

no increased 

risk 

2.3 

(1.3-4.1) 

no increased 

risk 

Reproductive 

rate  

0.24 

(0.17-0.32) 

0.33 

(0.26-0.42) 

0.70 

(0.66-0.74) 

0.81 

(0.78-0.85) 

Preterm women but not men at increased risk of having preterm offspring 

Medical Birth Registry of Norway 1967-1988 



JAMA. 2011;306(11):1233-1240. doi:10.1001/jama.2011.1331 

Preterm birth and all-cause mortality (Crump et al, JAMA 2011) 

Swedish birth registry 



Nutrition is a prime candidate determinant  

• Evidence that early 
preterm nutrition causes 
(or can ameliorate) 
adverse long-term health 
is encouraging but limited  

• Innovative, long-term 
studies are required, both 
randomised trials, and 
observational studies 
designed to elucidate 
causality 



Cardiovascular indices in preterm-born young adults related to 

intravenous lipid intake  
(Lewandowski  and Leeson, Arterioscler Thromb Vasc Biol 2011; Earl Hum Dev 2014; Pediatrics 2016) 

• Preterm individuals fed exclusively 
human milk as infants have improved 
indices of ventricular function 
compared with those exclusively 
formula fed; values in the latter 
approach those in term-borns 
especially for the right ventricle 

• Aortic and myocardial function in 
young adulthood is associated with 
intralipid exposure during neonatal life 
for preterm infants, in a graded 
manner related to the rise in 
cholesterol  



Preterm-born young adults fed Exclusive Human Milk (EHM) as infants (orange) had increased 

left and right ventricular end-diastolic volume index (A and C), and left and right ventricular 

stroke volume index (B and D) compared with preterm-born young adults who were Exclusive 

Formula Fed (EFF); YAT: Young Adults - Term 

Adam J. Lewandowski et al. Pediatrics 2016;138:e20160050 

©2016 by American Academy of Pediatrics 



• Prospective longitudinal study of children 27-31 weeks gestation examined at 3, 4 
and 5 years 

• Primary outcome renal function at age 5 years, blood pressure, glomerular filtration 
rate, albuminuria 

• 165 children examined 

• At age 3 and 4 years 25% had sBP≥90th percentile; at 5 years 11%  

• sBP≥90th percentile associated with antenatal steroids, and protein intake on day 28 

Blood pressure related to protein intake  



AUTHORS' CONCLUSIONS 
Infants enrolled in the trials were relatively 
mature and healthy preterm infants. 
Assessment schedule and methodology, dose 
and source of supplementation and fatty acid 
composition of the control formula varied 
between trials. On pooling of results, no clear 
long-term benefits or harms were 
demonstrated for preterm infants 
receiving LCPUFA-supplemented formula 

Effect of breast-feeding versus formula feeding on 
cognitive developmental score: covariate-adjusted 
mean differences for matched composite observations   
Anderson et al 1999 

Breast feeding and 

improved cognitive 

outcome 

 

LCPUFA studies 

inconclusive to-date 



The life-course of preterm birth 

• Growing evidence that preterm birth and/or 
preterm care practices disrupts the 
development of multiple organ systems and 
is a risk factor for adverse life-long health  

• There is a continuum of effect, a “preterm 
dose-response”  

• Nutrition is a prime candidate mediator 

• A challenge for neonatal medicine is to 
establish whether early nutrition offers 
opportunity to attenuate aberrant pathways 
of development 

• The natural experiment of preterm birth is an 
opportunity to understand the impacts of 
early life exposures and improve adult health 


