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Background: We studied normative brain development in healthy, newborn infants by acquiring arterial spin 
labeling (ASL) magnetic resonance imaging (MRI) data. ASL noninvasively quantifies regional cerebral blood 
flow (rCBF), which is tightly coupled with brain metabolism and, hence, with brain development and activity. 
Neuronal and glial metabolism is supported by the blood iron content, which is indexed by umbilical cord blood 
ferritin levels in the fetus. We hypothesized that rCBF will increase with age and ferritin levels, and will predict 
memory development at age 4 months. 
 
Methods: We recruited healthy mothers (age 14-19 years) during pregnancy from a neighborhood of Columbia 
University Medical Center, New York, NY. Mothers did not smoke or use recreational drugs during pregnancy. 
All infants were born at term, healthy, and had normal birth weight. We acquired ASL MRI data on a 3T GE MR 
scanner in 32 infants (20 males, PMA=42.18±4.8 weeks) within 2 weeks following their birth, collected 
umbilical cord blood in 12 infants (6 males, PMA=42.03±4.8 weeks) to quantify serum ferritin concentrations, 
and assessed motor development in 22 infants (13 males) at 4 months of age using a reinforcement task that 
evaluated infant’s immediate and long-term retention. 
 
Findings: rCBF increased with age, suggesting greater metabolic activity in older infants relative to younger 
infants bilaterally in the superior frontal gyrus, anterior cingulate cortex, superior dorsolateral prefrontal cortex, 
insular cortex, genu of the corpus callosum, temporal cortices, and cerebellum. Males relative to females had 
higher perfusion bilaterally in the precuneus, cuneus, and occipital cortex. Cord ferritin concentration positively 
associated with rCBF bilaterally in the prefrontal cortex, insular cortex, thalamus, striatum (putamen and globus 
pallidus), genu of the corpus callosum, inferior/orbital frontal cortices, and temporal cortices. Finally, immediate 
memory retention was inversely associated with rCBF bilaterally in the anterior temporal cortices and 



cerebellum. Similarly, long-term retention was inversely associated with rCBF bilaterally in the anterior 
cingulate cortex, inferolateral prefrontal cortices, anterior temporal cortex, and cerebellum. However, 
performance was positively associated with perfusion in white matter regions.   
 
Discussion: Our findings in newborn infants suggest that blood perfusion, and hence brain metabolism, (a) 
increases rapidly with age, and (b) does not differ in males relative to females except for in the occipital cortex. 
Ferritin concentration was positively associated with perfusion in the same regions as those where perfusion 
increased with age, suggesting that cord ferritin plays a crucial role in normal brain development. Finally, 
inverse associations of rCBF with performance on retention tasks in brain regions that did not demonstrate 
age-related changes in perfusion suggest that infants with more mature brains at birth performed better on the 
retention tasks.  
 
 
 


