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Objectives

1. To explore the range of outcomes in early adult life following EP 
birth

2. To understand the relative roles of tissue injury and 
developmental problems in generating poor outcomes

3. To evaluate the effectiveness of early interventions

4. To discuss potential therapeutic strategies 



Born too soon. WHO 2012

• Saving lives

• Marginal gains

• Marginal harms

• Thinking outside the 
neonatal period



Survival

Survival to discharge for infants born 22–26 weeks of gestation and admitted to neonatal units in 

England in 1995 (EPICure)10, 2006 (EPICure 2)2 and 2016 (MBRRACE-UK).3





Impairment 

• Disability
 1995-2006

 15% improvement in survival

 13% in survival with no 
impairment

 No change in disability

• 2019 ?

Moore T et al BMJ 2012
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Prematurity is a continuum

McKay PLOS Medicine 2010



Prematurity is a pervasive disorder



Transition to young 
adult life

Review 

• Cognitive and consequent attainment

• Social and mental health outcomes

• Lung and cardiovascular function



Spectrum of neurocognitive findings

Education
Special needs

Cognition
Executive function
Working memory

Behaviour
Inattention 

Psychiatric probs

Socialisation
Peer group

Affect



Cognitive outcomes following EP birth

• Commonest domain of impairment

• Translates into 
 Poor educational attainment 
 Behavioural phenotype

• Stability over childhood poorly defined
 Bavarian Longitudinal Study (Breeman et al Pediatrics 2015; 136:415)

 VP/VLBW scores more stable over time
 Prediction from 20m for VPT/VLBW (r >0.50)



Cognitive trajectories

Linsell Arch Dis Child 2018



Preterm birth: development of executive function
Effect size d: Difference preterm-term in SD

Selective attention Phonemic fluency

Mulder, Marlow, Pitchford Dev Neuropsychol 2009



Key executive processes differentiating preterms

• Most δδ accounted for by 

Verbal processing speed

Working memory

• Including: 
 Overall FSIQ differences

 Differences on behavioural 
measures (SDQ, Connors rating)

 Academic attainment

Mulder, Pitchford, Marlow BJ Educ Pscychol 2011, JINS 2011, ADC 2010



Spectrum

Education
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Cognition
Executive function
Working memory

Behaviour
Inattention 
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Behaviour

Linsell DMCN 2018



DSM4 Outcomes

Internalising   Externalising   Total problems

O’Reilly et al PAS 2016

Depression     Somatic ⌗ ADHD
Anxiety           Avoidant          Antisocial

Mean difference in symptom ‘z’ scores from controls (95%CI)



Database association studies 

• Extremely preterm adults at risk of:
 Increased ASD1 RR: 9.5 (1.5, 36.2)

 Other behaviour/emotional disorders1 RR: 10.5 (5.6, 19.9)

 ADHD2 aRR: 5.0 (2.1, 11.8)

 Non-affective psychosis, depressive disorder, bipolar disorder3 (<32w)

 Psychotrophic meds4

• Antipsychotics, antidepressants, anxiolytics

• All have “dose-dependent effect” of gestation 

1. Moster et al NEJM 2008 
2. Halmoy et al Biol Psychiatr 2012

3. Nosarti et al Arch Gen Psychiatr 2012 
4. Crump et al Int J Epidemiol 2010 



Norwegian study
Births 1967-1983 (n=867 692); 19-35y

<28w 28-31w 31-34w 34-37w >37w
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Moster et al NEJM 2008 



Babies born very prematurely 'more likely 
to be unemployed and single as adults'
The prematurely-born babies were also found to be more likely to suffer from chronic health problems as adults

Independent 24 May 2016



Education and occupation at 19y



Cleveland Study

Hack et al NEJM 2002



Hamilton Study

Saigal et al JAMA Peds 2016

Income C$20,000 less
More chronic health problems
Less self esteem

Differences dependent on
presence of NS impairment



Spectrum of outcomes

Education
Special needs

Cognition
Executive function
Working memory
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Lung function - Spirometry

Beckmann et al PAS 2016



Cardiovascular function

Beckmann et al PAS 2016



Implications for adult life

C

after Fletcher C, Peto R BMJ 1977 



Pervasive effects of extremely preterm birth



Risk factors for preterm cognitive impairment

• Parental education

• Lower SES

• SGA

• Small OFC

• Brain injury

Linsell et al JAMA Pediatr doi:10.1001/jamapediatrics.2015.2175



Doing something 
about it …

• Effective early intervention?



Early developmental intervention programmes provided post hospital discharge 
to prevent motor and cognitive impairment in preterm infants

Cochrane Database of Systematic Reviews
24 NOV 2015 DOI: 10.1002/14651858.CD005495.pub4
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD005495.pub4/full#CD005495-fig-00701

INFANT 
outcomes

http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD005495.pub4/full#CD005495-fig-00701


Early developmental intervention programmes provided post hospital discharge 
to prevent motor and cognitive impairment in preterm infants

Cochrane Database of Systematic Reviews
24 NOV 2015 DOI: 10.1002/14651858.CD005495.pub4
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD005495.pub4/full#CD005495-fig-00703

School Age 

http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD005495.pub4/full#CD005495-fig-00703


Infant Health and Development Program

McCormick Pediatrics 2006

Heavier BW group – IQ                           PPVT

Lower BW group – IQ                            PPVT

1250-2500g
or <37w

<1251g



Doing something 
about it …

• Effective early intervention?

 Too early?

• Working memory training?

• Processing speed?

• Inattention?

• Educational support?

 Too late?



Cognitive outcomes

• Measurement challenging

• Development not cognition

• IQ is a global summary score

• IQ comprises a series of processes
 Basic functions – processing speed

 Executive functions – higher order

• Functions differentiate over time

• Intervene when differentiating?

Diamond Ann Rev Psychol 2013



The fate of British Cycling changed one day in 2003

• ..the performance of British riders had 
been so underwhelming that one of the 
top bike manufacturers in Europe 
refused to sell bikes to the team because 
they were afraid that it would hurt sales 
if other professionals saw the Brits 
using their gear. James Clear

• Dave Brailsford –

“the aggregation of marginal gains”



Sellier et al Dev Med Child Neurol. 2016

Cerebral Palsy rates

Pharoah et al Arch Dis Child. 1990



Potentially better practices

VON Qi initiative e.g.:

• Neurodevelopment – 16 practice changes

• BPD – 13 PBP identified 

• Sepsis bundle reduced infection rates
 Antibiotic stewardship 

• Staffing – reduced staffing turnover

• Neonatal abstinence

• ALL need local leadership for QI team



Can we improve outcomes further?

• Antenatal Steroid • No RCT data

• Key positive influence in many 
studies (confounded)

Morgan et al  BMC Pregnancy & Childbirth 2016



Can we improve outcomes further?

• Antenatal Steroid

• Magnesium Sulphate

• No RCT data <24 weeks

• Accuracy of dating?

• Should this stop its use?

• PReCePT Study



Can we improve outcomes further?

• Antenatal Steroid

• Magnesium Sulphate

• Delivery Route

• No RCT data

Morgan et al  BMC Pregnancy & Childbirth 2016



Can we improve outcomes further?

• Antenatal Steroid

• Magnesium Sulphate

• Delivery Route

• Physiological cord clamping

Tarnow Mordi et al  AmJOG 2017



Can we improve outcomes further?

• Antenatal Steroid

• Magnesium Sulphate

• Delivery Route

• Physiological cord clamping

• Senior person at delivery
 Obstetric

 Neonatal



Can we improve outcomes further?

• Antenatal Steroid

• Magnesium Sulphate

• Delivery Route

• Physiological cord clamping

• Senior person at delivery

• Care in the right place

Marlow et al ADC F&N 2014



Can we improve outcomes further?

• Antenatal Steroid

• Magnesium Sulphate

• Delivery Route

• Physiological cord clamping

• Senior person at delivery

• Care in the right place

• Neonatal care

Stabilisation
• Respect at delivery

• Gentle care
• Quiet
• Skin to skin?

• Delay intubation – immediate CPAP
• Less invasive surfactant
• INSURE
• Avoid catecholamines?
• Early steroids?
• Early caffeine?

Early Care                                               
• Gentle care
• Quiet
• Skin to skin?
• Early colostrum
• Avoid catecholamines
• Avoid ventilation/NIV
• Institute preventive strategies

• LISA
• Prevent nosocomial infection
• Avoid long antibiotic courses

Et cetera
• Engage parents/improve confidence
• Facilitate attachment
• Etc 
• Etc



1. Prematurity produces a range of adverse outcomes through into 
early adult life 

2. The origin of long term outcomes is a subtle mix between 
sociodemographics, specific developmental changes and tissue 
injuries

3. Current developmental and neonatal interventions are of uncertain 
efficacy in changing these long term outcomes

4. Potential therapeutic strategies include marginal improvements in a 
range of neonatal care issues and developing better informed post 
discharge interventions

Summary 


