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Children at risk
• Biomedical risk
– Prenatal drugs, alcohol, tobacco,
toxins
– Fetal growth restriction – Too low
birth weight (LBW) - SGA
– Very preterm birth and/or very low
birth weight (VLBW)
– Birth asphyxia at term

• Environmental risk
– Insufficient nutrition
– Low income/low education families
– Child abuse/gross neglect

Images from: www.nicuhelpinghands.org and www.alamo.com

Aicardi 1998; Msall 1998; Msall 2005; Shonkoff & Meisels 2000
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Fetal alcohol spectrum disorder (FASD)

Lange S et al. JAMA Pediatr 2017
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Fetal alcohol spectrum disorder (FASD)

FAS –”The tip of the iceberg”
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Alcohol: Harmful effects on the fetal brain
 Reduced production of neurons
 Enhanced apoptosis / increased
death of neurons
 Abnormal neurons
 Disturbed migration of neurons
 Injury to the supporting glial cells
 Disturbed connectivity
 In synapses: reduced concentration of
neurotransmitters?
 Impaired signaling between neurons?
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FASD and MRI research
Different MR modalities: sMRI, volumetrics, spectroscopy, DTI, fMRI
•
•
•
•
•

Abnormalities in cortical grey and white matter
Abnormalities in deep nuclei
Reduced total brain volume
Reduced surface area, focal thickening of cortex
Especially vulnerable structures: corpus callosum, cerebellum,
nucleus caudatus and hippocampus
• Deviations in white matter microstructure/tracts
• Reduced brain volumes, especially of frontal lobe and less corpus
callosum with increasing severity of FASD.
• Correlation between brain abnormalities and severity of alcohol
exposure, FAS facial characteristics and CNS dysfunction.

Norman et al. Dev Disabil Res Rev 2009; Astley S et al. Alcohol Clin Exp Res 2009
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Fetal growth restriction and brain development
• SGA: small-for-gestational-age - proxy for fetal
growth restriction
• Fetal growth restriction:
– Placental dysfunction
– Reduced nutrition supply and oxygen
– Prevalence: 2-10%

• Associated with:
– Cognitive problems
– Learning disorder
– Mental health problems in young
adult age

Lund et al. (2011), Løhaugen et al. (2013), Østgård et al. (2014)
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Reduced brain structures in SGA
• Total intracranial volume (ICV) was less in the SGA-group than in
controls at age 19 (-3.9%; p=0.006)
• Unchanged relative volumes
• No group difference in cortical thickness
• SGA: reduced total surface area (-5.5%; p<0.001), and surface
area reduction in specific regions (yellow)

Østgård HF et al. 2014
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Global preterm birth rates

Very low birth weight ~1.4% in US (CDC, 2015)
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Neonatal image phenotype after preterm
births predicts adverse outcome
• Common image phenotype in 66 of 80 preterm infants at term
equivalent age: diffuse white matter injury; and volume reduction
in the dorsomedial nucleus of the thalamus, the globus pallidus,
periventricular white matter, the corona radiata and within the
central region of the centrum semiovale.
• The abnormal image phenotype was associated with reduced
median developmental quotient (DQ) at 2 years (DQ=92)
compared with control infants (DQ=112).
• These findings indicate that specific neural systems are
susceptible to maldevelopment after preterm birth.
• Neonatal image phenotype - useful biomarker for studying
mechanisms of injury and the effect of interventions.

Boardman JP et al. NeuroImage 2010; 52
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Potential interaction between genetic, medical and
environmental risk factors and vulnerable
brain structures

Periventricular white matter

Infections

Secondary brain injury
Changes brain development

Genes
Modified from: Perlman et al. Pediatrics 2001
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Neurologic outcome after very preterm birth
Brain pathology and neuroimpairments are common
(Marlow et al 2005, Larroque et al 2008, Volpe et al 2009)

Cognitive and behavioral deficits
(Kulseng et al 2006, Løhaugen et al 2010)

Deficits in attention and executive functions
(Mulder et al 2009, Aarnoudse-Moens et al 2012)

Images: www.hidden-science.net, www.ramsni.com, www.naset.org,
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Regions with reduced surface area in
VLBW/ELBW groups
VLBWs 15 years (born in 1986-88)

ELBWs 10 years (born in 1999-2001)

- Youngest year cohort: Less reduction in volumes, better cognition
Grunewaldt K et al. 2014; Rimol L et al. 2016
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Our experience based on DTI
• Extensive FA reduction in older
cohorts (49 VLBW and 59 controls,
born in 1986-88, age 19 years)

• FA reduction only seen in those
with reduced IQ (<89) in older
cohorts
• Less/no FA reduction seen on
TBSS in younger cohorts of
preterms when compared with
controls
– 30 ELBW and 28 controls (born
in 1999-2001, age 10 years)
– 20 VLBW and 47 controls (born
in 2001-2007, age 8-9 years)

• Higher IQ in recent cohorts
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Effects of early nutrition on brain development
• Energy enriched diet versus standard diet given to preterm
babies correlated with increased volume of nucleus caudatus in
adolescence, most pronounced in boys.
• Percentage of mother’s milk in the food correlated with total
brain volume, white matter volume and IQ in 15-years boys born
preterm.
• At 2 months of age, babies solely on mother’s milk, had
significantly larger head circumference and smaller ventricles
than babies without mother’s milk.

Isaacs et al. 2008, 2010; Herba et al. 2013
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Nutrition and brain
How may diet/nutrients affect brain development and
function?
- Modulate availability of precursors and act as enzyme
cofactors required for the synthesis and function of
neurotransmitters, neurotrophic factors and psychoactive
hormones.
- Dietary precursors participate in the formation and
composition of neural membranes and synapses.
- Nutrients also affect cerebral blood ﬂow (CBF), with a
direct inﬂuence on energy and nutrient availability in the
brain.
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Parental education and the child’s
cortical surface area.

Noble, Houston et al. Nature Neurosci (2015)
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The influence of family income on the
child’s cortical surface area.

Noble, Houston et al. Nature Neurosci (2015)
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Early stress/neglect/abuse - effects on
volume of hippocampus and amygdala

Hanson et al. 2015
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How to avoid disturbed brain development –
and thereby promote brain health in early life?
• Prevention / neuroprotection
– Protection of the fetal brain
– Avoid very preterm birth
– Protection of the infant brain: nutrition, vaccination,
avoiding head injuries
– Improve environmental factors: SES, intervention programs, schooling,
participation

• Rescue/modification of early brain injury to improve
outcome
– Primary: medical interventions to stop and/or reduce injury
(Hypothermia)
– Secondary: reduce functional consequences, intervention programs,
reparative restructuring potential of the developing brain
– Tertiary: compensation, participation, quality of life
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Effects of early interventions on preterm
born children and adolescents
• Included intervention programs within first 12 months
• Cognitive and motor performance:
– Early improvement (infant and preschool age)
– Not sustained in school age or adulthood

• Cognitive performance:
– Better outcomes: focus on parent-infant relationships

Review limitations:
• Interventions varied in several ways
• Lack of information on GA and birth weight

Spittle et al. 2012; Vanderveen et al. 2009
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Examples of interventions in childhood and
adolescence
•
•
•
•
•

Parent-child interventions
Computerized cognitive training
Exercise and sports
Specific school programs/special education
Family centered services
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Computerized Working Memory Training
(CogMed)
Adolescents born with extremely low birth
weight:
•
•
•

Trained and non-trained working memory
improved
ELBW individuals with low IQ benefited
significantly
Transfer effect to verbal learning

Preschool children born with very low birth
weight:
•
•
•

Trained and non-trained working memory
improved
Transfer effects to auditory attention, phonological
awareness, visual and verbal memory
Persisting effects after 7 months
Klingberg T et al. 2002; 2005; Løhaugen G et al. 2011; Grünewaldt KH et al. 2013, 2015
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Why have many intervention program failed?
Results:
• Short-term benefits, but not long-term
• Very resource-demanding, exhausting for child and family, every
time of the day becomes training time
• Parents become trainers
• Reduced quality of life?

Explanations for lack effect:
• Not targeted enough?
• No/limited generalization value – transfer effect
• “Wrong” children – need better early biomarkers to pick up the right
children / families
• Need more research about time, doses and type of intervention –
more research that evaluate effect of
different programs
• Genetic differences?
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Summary
•
•
•
•
•
•
•

It is possible to promote brain health in at risk children
Protect the fetal brain: toxins, monitor fetal growth
Prevention of preterm births and perinatal brain injury
Minimizing the effects of perinatal brain injury
Still a lot of unanswered questions
How to stimulate brain plasticity, growth and development
The role of genetic factors: Association studies to identify genetic
factors associated with variability in susceptibility to brain injury and
to the response to intervention and repair
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Thank you for your attention !

