
Do postnatal iron deficiency or maternal risk 
factors affect cogni6ve development in 
infants born moderate‐to‐late preterm? 

Infants born moderate‐to‐late preterm (32‐36 weeks gesta6on) are not closely 
followed a/er hospital discharge and have a greater risk for developing iron 
deficiency and neurodevelopmental delays. Individual differences in prenatal risk and 
neonatal risk factors may impact long‐term cogni=ve outcomes in these children. 

One individual difference that likely impacts cogni=ve development in infants born 
moderate‐to‐late preterm is postnatal iron levels.  Iron deficiency is a common 
micronutrient deficiency that can cause altered cogni6ve development in children 
if not treated (ThorisdoBr, GunnarsdoBr, Palsson, Gretarsson, ThorsdoB, 2013). Iron is essen=al for 
neurodevelopmental processes such as myelina=on, neurotransmiKer produc=on, 
and development of the hippocampus; thus infants could suffer from memory 
problems as a result of low iron levels (Georgieff, 2011). Maternal risk factors during 
pregnancy, such as pre‐eclampsia and HELLP syndrome, both characterized by 
hypertension, have also been associated with lower performance by infants in 
various cogni6ve tasks (Kronenberg, Raz, and Sander, 2006).  

Few studies have been done specifically with moderate‐to‐late preterm infants and 
risk factors that could affect their cogni=ve development. Based on previous studies, 
we hypothesized that infants born moderate‐to‐late preterm would perform more 
poorly on measures of infant memory and general cogni=ve development, and that 
individual differences in maternal risk factor history (presence of hypertension) and 
postnatal iron levels (hemoglobin) would also predict infant’s performance. 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Ba]ery of prefrontal‐dependent tasks for 9‐month old infants 

Iron Levels: PT and FT infants did not differ in HgB levels between 9‐12 months of age. 

Bayley: PT and FT infants did not differ on any of the Bayley subscales. 

Habitua6on Task: Of those who successfully habituated, both PT and FT groups showed a novelty preference at 
test (p < .01), although this effect was reduced in PT children (p < .04) and was related to gesta=onal age at 
birth across the en=re sample. 

Full‐Term Children (n=74)  Preterm Children (n=70) 

Age at Test 
Μ = 9.10 months  Μ = 10.21 months 

(9.00 months adjusted age) 

Sex  36 female, 38 male  33 female, 37 male 

Gesta,onal 
Age 

Μ = 39.84 weeks 
range = 37.43 – 42.71 weeks 

Μ = 35.34 weeks 
range = 32.00 – 36.86 weeks 

NICU/SCN 
stay? 

9.5% of sample (< 24 hours)  68.6% of sample 

9‐12 Month 
Hemoglobin 

M = 11.77 mg/dL 
range = 10.1 ‐ 13.9 mg/dL 

M = 11.78 mg/dL 
range = 8.7 ‐ 13.5 mg/dL 

Maternal 
Hypertension 

0%  11.4% 

Infants born moderate‐to‐late preterm show subtle altera6ons in working memory at 9‐months corrected age.   
Both prenatal (maternal hypertension) and postnatal (low iron) risk factors also influence infants’ early cogni6ve 
development. 

ADDITIONAL MEASURES MEDICAL RECORD ABSTRACTION 

BAYLEY SCALES OF INFANT 
DEVELOPMENT 

(Bayley, 2006) 

Working Memory 
HABITUATION TASK 

•  Cogni-on is assessed by examining how infants 
react and learn about their surroundings 
• Language is assessed by measuring the recogni=on 
of sounds and objects and produc=on of speech 
sounds and gestures 
• Motor skills measured include both fine (e.g. 
infant’s grasp) and gross skills (e.g. crawling) 

•  Parents consented to release their child’s birth 
hospitaliza=on, well‐baby check records, and any 
iron‐related labs  

• All records were abstracted for gesta-onal age and 
pregnancy and birth‐related risk factors; hemoglobin 
labs at birth and between 9‐12 months of age were 
collected 

•  Infant driven, sliding window design using NimS=m 
facial s=muli (based on Markant et al., 2014) 

•  Novelty detec=on and dishabitua=on are prefrontal 
dependent in young infants (Nakano et al., 2008) 

AKen=on geKer s=mulus 
(variable dura=on) 

Eye movements tracked 
and coded online 

Test phase – six trials of novel and 
familiar s=mulus with one face per 
trial 

• Complete infant task ba=ery also includes eye‐
tracking measures of reversal learning, processing 
speed, and behavioral measures of inhibitory control 
(A not B task) and problem solving 

• Complete parent ques-onnaire ba=ery also includes 
parent‐report measures of parental depression and 
life stress, paren=ng styles, infant temperament, and 
infant sleep and feeding paKerns 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Gesta6onal Age at Birth (in weeks) 

Gesta6onal Age at Birth Predicts 
Magnitude of Novelty Preference  

r = .21, p < .03 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Preterm Infants Demonstrated a 
Smaller Novelty Prefence at Test 

Face s=mulus 
(maximum 15 
seconds) 

Habitua-on 
criterion – average 
look dura=on over 
three consecu=ve 
trials <50% of 
previous trial set 
(maximum 21 
trials) 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Maternal Hypertension Predicts Poorer 
Infant Working Memory Performance 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No hypertension  Maternal hypertension 

Moderate‐to‐late preterm infants exhibited poorer working memory development at 9 
months of age. Addi=onally, there was evidence that iron deficiency and maternal risk factors 
such as hypertension affect infant’s memory and cogni6ve development.   

Limita6ons: Many of the preterm infants in this study were supplemented with iron which likely 
contributed to their normal iron levels at 9‐12 months of age. Addi-onally, the lack of 
rela-onship between iron levels and memory performance may be specific to the task used. The 
habitua-on task measures working memory, which relies on the prefrontal cortex. Iron 
deficiency has been most strongly associated with hippocampal development, so other memory 
tasks could have yielded different results.  Last, infants born to mothers with hypertension could 
have other risk factors driving their poorer performance. 

Future studies should con=nue to inves=gate the effects of iron deficiency on cogni=ve 
outcomes in infants, including those born moderate‐to‐late preterm. Moreover, these studies 
should inves=gate which pregnancy‐related risk factors predict children’s outcomes in order to 
ensure appropriate interven=ons take place to prevent cogni=ve developmental delays.  

Bayley: Infants with higher HgB levels had higher recep6ve language scores (r = .22, p < .03). 

Habitua6on Task: Iron levels were not related to novelty preference scores (r = ‐.04, p < .71). 

Bayley: Infants did not differ on any of the Bayley scales.  There was a trend (p < .12) toward 
lower cogni=ve scores in the risk group. 

Habitua6on: The risk group failed to show a novelty preference at test (p < .62) and significantly 
differed from the non‐risk group in novelty preference magnitude (p < .03). 


