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Abstract

Purpose of Review Preterm birth is the leading cause of death worldwide in children < 5 years of age; however, technology and
advances in medical knowledge are increasing the survival of children born even at the fringes of viability. With increased
survival comes increased risk of long-term neurologic impairments. This paper aims to review recent findings related to changes
in brain development associated with prematurity and its impact on neurodevelopmental disabilities.

Recent Findings Advanced imaging techniques, longitudinal follow-up of individuals born extremely preterm into adulthood and
improved understanding of risk factors associated with neurologic impairment contribute to recent discoveries. Sensory impair-
ments are often associated with later cognitive and social impairments and therefore represent targets for therapy.

Summary All aspects of neurologic development can be affected by preterm delivery. Future research is needed to further
elucidate targets for prenatal and postnatal interventions for neuroprotection and to improve outcomes of prematurity.

Keywords Prematurity - Brain development - Cerebral palsy - Sensory impairment - Social development - Neurodevelopmental
disabilities

Abbreviations ADHD Attention deficit hyperactivity disorder
GA Gestational age ELGAN Extremely low gestational age newborns
IVH Intraventricular hemorrhage ASD Autism spectrum disorder

MRI Magnetic resonance imaging

1Q Intelligence quotient

ADC Apparer.lt diffusion coefficient Introduction

MRS Magnetic resonance spectroscopy

DTI Diffusion tensor imaging

The healthy in utero environment is the optimal location for

P Cer.ebral palsy . brain development prior to 37—40 weeks gestation. The World
ROP Retinopathy of prematurity o . .

. : . Health Organization defines preterm birth based on gestation-
NICU Neonatal intensive care unit

al age (GA) with extremely preterm <28 weeks gestation,
very preterm 28-32 weeks, and moderate to late preterm
32-37 weeks gestation. Prematurity is a major global health
problem as, worldwide, it is the leading cause of death in
children less than 5 years old [1]. In the USA, according to
Center for Disease Control statistics, birth prior to 37 weeks
GA occurred in nearly 10% of completed pregnancies in 2016
with 2.76% of births < 34 weeks GA [2¢¢]. Mortality in infants
born at 22 to 24 weeks GA is 64% and survivors have a 43%

EPIPAGE Cohort  Epidemiological study of premature in-
fants (étude épidémiologique sur les
petits ages gestationnels)

DCD Developmental coordination disorder

DSM Diagnostic and Statistical Manual of
Mental Disorders

This article is part of the Topical Collection on Neurology of Systemic

Diseases chance of neurodevelopment impairment [3]. While technol-

ogy and medical advances are allowing more children to sur-

04 Margie A. Ream vive, survivors of prematurity often face a lifetime of neuro-
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ing [2¢¢]. Below, we review recent investigations into the

! Division of Child Neurology, Nationwide Children’s Hospital, 700 long-term consequences of prematurity as it relates to neuro-
Children’s Dr., Columbus, OH 43205, USA logic, sensory, cognitive, and behavioral development.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11910-018-0862-2&domain=pdf
mailto:Margie.ream@nationwidechildrens.org

48 Page2of 10

Curr Neurol Neurosci Rep (2018) 18: 48

Alterations in Brain Structure Resulting
from Prematurity

Establishing in utero norms for the series of events resulting in
normal cerebral development is technically challenging as im-
aging studies are complicated by fetal movement and resolu-
tion limitations due to intervening maternal tissues. Because
sensory and experiential enrichment and deprivation have per-
manent effects on pathway maturation, synapse formation,
and cellular differentiation [4—6], it is reasonable to consider
that early extra-uterine experience may interfere with the nor-
mal progression of brain maturation.

Gross Differences in Brain Size

Gross measurements of brain development are altered by pre-
term birth. Neuroanatomically, infants born at < 32 weeks GA
have overall reduced brain volume, particularly in the
frontotemporal regions and hippocampi [7]. Postnatal factors
that are associated with smaller volumes include sepsis,
bronchopulmonary dysplasia, intraventricular hemorrhage
(IVH), steroid exposure, oxygen therapy, and sedation.

Moderate and late preterm infants also have reduction in
overall brain size, corpus callosum, deep gray structures, and
cerebellum at term equivalent compared to term born babies.
Additionally, moderate to late preterm birth is associated with
reduced myelination in the posterior limb of the internal cap-
sule and immature gyral pattern at term equivalent, even in the
absence of obvious neurologic injury on magnetic resonance
imaging (MRI) [8]. Differences in total brain volume and size
of various brain regions persist into adolescence and adult-
hood and intelligence quotient (IQ) correlates with size of
select regions in those born prematurely [9¢].

Advanced Imaging—Comparing In Utero and Ex
Utero Preterms

Advanced MRI techniques allow direct comparison of
markers of brain maturation and network connectivity be-
tween premature infants and fetuses of equivalent GA.
Diffusivity of water, as measured by the apparent diffusion
coefficient (ADC), decreases as networks form. When imaged
at 37 weeks GA, babies born preterm (mean 29 weeks) dem-
onstrate accelerated sensory-motor pathway maturation, as
evidenced by decreased ADC values in pons and increased
MR spectroscopy (MRS) markers N-acetyl acetate, glutamate/
glutamine, and creatinine in the centrum semiovale. Despite
more rapid maturation in some areas, areas of injury and/or
disturbed development were evident in preterm infants as in-
creased ADC values in parietal white matter and increased
markers of cell turnover on MRS [10].

Diffusion tensor imaging (DTI) tractography can also be
applied to measure pathway maturation reflected by
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increasing fractional anisotropy. Preterm infants were found
to be slower to mature compared to term babies in the body of
the corpus callosum, the left inferior longitudinal fasciculus,
and left dorsal visual stream (connecting occipital and tempo-
ral visual cortices) [11]. It was suggested that these areas even-
tually “catch up” in otherwise normal preterm children but not
in children with persistent deficits such as cerebral palsy (CP)
or visual impairment. Determining the cause of such region
specific injury is a topic for future research.

While we are limited by technology to provide direct mea-
surements of subtle differences in brain maturation and injury
related to early extra-uterine exposure, the effects can be mea-
sured by sensory and neuropsychological delays and impair-
ments that can last throughout life.

Neurosensory Impairment Resulting
from Prematurity

Vision

Retinopathy of prematurity (ROP) is a traditionally identified
risk factor for visual impairment in preterm infants and is
monitored closely in neonatal intensive care units (NICU).
Additionally, prematurity affects macular development and
function [12]. However, cerebral visual system development
is vulnerable through the third trimester, past the time of
greatest risk for ROP. Biologic maturation of these systems
may be influenced by the atypical visual experience that pre-
term birth affords. Visual function involves the ventral stream
(the “what” of visual experience involving recognition which
connects primary visual cortex with inferior temporal cortex)
and the dorsal stream (the “how” of visual experience involv-
ing visual motor control, spatial attention, motion perception
which connects primary visual cortex to posterior parietal cor-
tex). The dorsal stream appears to be more vulnerable to pre-
maturity potentially due to the combination of sensitivity to
periventricular and white matter injury and premature visual
experience [13, 14].

The “how” of visual perception—mediated by the dorsal
stream—can be measured by visual motor tasks such as copy-
ing and motor coordination. Adults born at < 1500 g demon-
strate lower scores in these tasks than adults who were born at
term. Scores in the preterm, but not term, individuals correlat-
ed with cortical thickness (lateral occipital-temporal-parietal
junction, superior temporal gyrus, insula, superior parietal re-
gions), cortical surface area (superior temporal gyrus, insula,
medial occipital lobe, posterior ventral temporal lobe), and
fractional anisotropy (corpus callosum, inferior frontal-
occipital fasciculus, anterior thalamic radiation) in brain re-
gions involved in these tasks; these findings imply that pre-
maturity can result in permanent deficits in these areas and
their associated skills [15].
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The “what” of visual perception—mediated by the ventral
stream—may also be affected by prematurity. Infants born
prematurely have abnormal habituation to visual stimuli
[16]. The neuroanatomical correlates of this behavior have
not been fully investigated. Such visual behavior at term
equivalence is a predictor of later cognitive ability, suggesting
that visual behavior has a complex relationship to a variety of
brain functions [17].

Implication of the above-described brain regions in visual
functioning and the previously discussed areas of reduced
brain volume in people born prematurely help explain why
prematurity alters visual development independent of the pres-
ence of ROP.

Auditory Development

Admission to the NICU for > 5 days is a risk factor for hearing
loss, regardless of other medical diagnoses [18]. Additional
risk factors for hearing loss in the NICU include prolonged
oxygen use, gastrointestinal surgery, patent ductus arteriosus
ligation, and low socioeconomic index [19]. Up to nearly 7%
of infants born at 24 weeks GA eventually require amplifica-
tion [20]. Essentially, all preterm infants are at risk and in need
of follow-up screening even if the initial hearing screen was
normal.

Auditory development is closely linked to later language
skills and speech acquisition, making it a pillar of cognitive
development throughout childhood. Fetal auditory develop-
ment occurs in a low frequency, dampened acoustic environ-
ment with major ear structures in place by 25 weeks gestation.
The auditory cortex undergoes a surprisingly early functional
organization. By 32 weeks, infants can perceive differences in
male vs. female voice and phenomes [21]. Human and animal
studies have revealed that altered acoustic experience changes
cortical maturation, neurotransmitter expression, and the de-
velopment of language perception [22]. Premature infants
have different patterns of cerebral activation in response to
language compared to term infants; more abnormal patterns
at term equivalent correlate with poorer neurodevelopmental
performance at 6 months of age [23].

The noisy environment of the NICU with high-frequency,
loud, and arrhythmic sounds may alter auditory pathway de-
velopment and undoubtedly has broader physiologic effects.
Loud noises result in increases in heart rate and blood pressure
as well as decreases in respiratory rate and oxygen saturation.
Startle from loud noises can interfere with sleep and results in
crying which can increase intracranial pressure [24]. There are
conflicting results when noise is correlated with later
neurodevelopmental performance. Environmental noise inter-
feres with an infant’s tactile learning as evidenced by reduced
habituation to tactile stimuli in a noisy environment [25].
Excessive noise seems to be detrimental but exposure to hu-
man voice and speech is essential for language development

so that efforts to reduce noise exposure should not filter out
language exposure [24].

The quality of acoustic experience is important for devel-
opment. Postnatal exposure to mother’s voice in premature
infants may promote cortical plasticity [26]. Exposure to ma-
ternal voice prior to term equivalent increases auditory cortex
volume compared to exposure to ambient NICU noise.

Somatic Sensation

Preterm somatosensory and pain circuitry is functional but
immature. Peripheral receptive fields are large, descending
networks that modulate the pain response are not functional
until close to term, and pathways for noxious and benign
stimuli overlap, making discrimination between the two types
of input less sensitive. These factors can result in long-term
changes in somatosensory processing after premature birth.

Unnatural somatosensory experience during preterm life can
cause wide-spread alterations in physiologic development re-
lated to activation of the sympathetic system. Repeated painful
procedures increase cortisol at a critical period of development.
Repeated spikes in cortisol are hypothesized to cause long-term
changes in network formation and hypothalamus-pituitary-
adrenal axis set point as demonstrated in children and rat pups;
there is initially a drop in circulating cortisol in early infancy
followed by long-term elevations at 18 months [27, 28]. Painful
stimuli increases cerebral metabolism and results in oxidative
stress and inflammation, both of which may damage sensitive
pre-oligodendrocytes. Maternal interactions can dampen the
chronic cortisol increase seen in preterm infants [29].

Cortical thickness, functional cortical activity, and visual-
perceptual abilities are reduced in children who were exposed
to a higher number of painful procedures as preterm neonates
[30, 31]. Such children also demonstrate more internalizing
behaviors at school age [30]. Preterm infants are more likely to
demonstrate sensory processing disorder and atypical “sensa-
tion seeking.” Risk factors for these symptoms include earlier
prematurity, white matter lesions, and male gender [32].
Sensory abnormalities are associated with executive and cog-
nitive dysfunction and can be improved with therapies [33].

Taste/Smell

Gustatory and olfactory systems are functional in the 2nd
trimester. These two systems work together to establish feed-
ing behavior and neural pathways that regulate hormonal con-
trol of appetite [34]. There is evidence that altered experience
with taste and oral-motor functioning, as can be seen with
extended tube feeding, may slow the achievement of oral
feeds, alter the immune response, and affect long-term feeding
habits [35].

In utero olfactory experience seems to create memory—
babies may be able to identify the scent of amniotic fluid
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[36]. Postnatal olfactory memory of both pleasant and un-
pleasant odorants (such as NICU disinfectant) has been doc-
umented at 21 months of age [37, 38].

Preterm gustatory and olfactory experience is often discon-
nected from feeding. However, there is evidence that preterm
exposure to mother’s colostrum and milk may decrease the
time it takes to achieve full oral feeds, and ultimately reduce
time to discharge home [39, 40]. Even before a baby is ready
to feed orally, exposure to mother’s scent and milk may help
prepare the infant for eventual oral feeds.

Given that there is a small but increased risk of diet-
associated disease such as diabetes and hypertension in adults
born preterm [41, 42], more research is needed on the associ-
ation of integrating feeding and sensory experience with
longer-term nutrition and health.

Motor Development and Cerebral Palsy

Premature exposure to the extra-uterine environment, includ-
ing gravity and sensory experiences, alters musculoskeletal
and nervous system development thereby altering the trajec-
tory of motor development for otherwise healthy children
[43—46]. Perinatal complications in very preterm and very
low birth weight children such as IVH further increases the
risk of motor impairment. During the first 2 years, milestone
attainment rates are highly dependent on gestational age at
birth [44]. Severe disability at 30 months is highly predictive
of outcome at 6 years, but less affected children are still at risk
for impairments. Of the children noted to have “other” or “no”
disabilities at 30 months, 38% were found upon reassessment
at 6 years to have moderate or severe disability. While preterm
children may demonstrate normal milestone achievement in
their toddler years, subtle motor problems often become ap-
parent when greater demands are placed on them during their
school years [47]. Importantly, motor impairments, whether
mild or severe, are associated with poorer academic outcomes
and less participation in social leisure activities when com-
pared to children without motor impairment [48].

CP is a disorder of motor development and posture, which
causes activity limitations that are due to a non-progressive dis-
turbance occurring in the developing brain [49]. CP occurs more
frequently in children born prematurely, with the risk increasing
with decreasing gestation age. The prevalence of CP among
extremely preterm children ranges from 16 to 21% [47]. The
EPIPAGE Cohort (étude épidémiologique sur les petits ages
gestationnels) study which is a large population-based cohort
evaluated infants born between 22 and 32 weeks gestation in
nine regions of France in 1997. This study found that at 2 years
of age, prevalence of CP was 20% in those born at 2426 weeks
gestation compared with 4% in those born at 32 weeks [50].
Preterm children are more likely to present with bilateral cere-
bral palsy in which spastic diplegia is the most frequent subtype.
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Risk factors for the development of CP include lower gesta-
tional age, low birthweight, multiple gestation, intrauterine in-
fection, placental abruption, preterm labor or prolonged rupture
of membranes, respiratory distress, postnatal corticosteroids, and
neonatal sepsis [S1]. As survival rates for extreme prematurity
increase, the rate of cerebral palsy may also increase [52], al-
though some studies also find increases in survival with normal
neurodevelopment. For example, of infants born at 22—24 weeks
GA from 200 to 2011 when assessed at 18-22 months, overall
survival increased from 30 to 36% and normal neurologic out-
come increased from 16 to 20% [3]. Cerebral lesions identified
by cranial ultrasound in infants born 24-32 weeks gestation
were the most important predictor found by the EPIPAGE study.
Of particular note, the odds of developing CP were increased
30-fold in infants with white matter abnormalities consistent
with cystic periventricular leukomalacia or intraparenchymal
hemorrhage. This study and others also found male sex to be
an independent risk factor for CP [53].

Identifying patients at risk of CP is important for initiating
early therapy which is more likely to be effective than therapy
after infancy [54¢]. Cranial ultrasound abnormalities are able to
predict motor disability in most preterm infants; however, one
third of infants with CP had no ultrasound abnormalities iden-
tified. In addition to neuroimaging techniques, functional gen-
eral movements assessment at 1 month corrected age have high
sensitivity for predicting motor impairment in preterm infants
born at < 30 weeks GA. It is recommended that general move-
ments at both 1 and 3 months corrected age be evaluated [55].

Preterm infants also have a high prevalence of minor motor
dysfunction and poor coordination that may not meet the di-
agnosis of cerebral palsy. Such children may be diagnosed
with developmental coordination disorder (DCD) which is a
motor deficit in coordination, balance, gross and fine motor
control, and visual motor integration but not consistent with
cerebral palsy. The Diagnostic and Statistical Manual of
Mental Disorders Fifth Edition (DSM-V) criteria for DCD
includes deficiency in motor function but also in activities of
daily living and intelligence. Motor impairments milder than
CP also have long-term effects on academic achievement,
participation in extracurricular activities, self-esteem, and
mental health [56]. These impairments continue into adoles-
cence and adulthood illustrating that these motor differences
are not merely a delay in acquisition of skills.

Cognitive Development and Impairments
Resulting from Prematurity

Cognitive Development

Cognitive development occurs through the interplay of many

complex developmental processes. School performance, 1Q,
and executive functioning are difficult to separate when
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studying outcomes. At 6 years of age, children born <
26 weeks GA showed impairment of motor, visuospatial,
and sensorimotor function which includes planning, self-reg-
ulation, inhibition, and motor persistence all of which contrib-
ute to cognitive impairments and poor classroom performance
[57]. Impairments can be difficult to detect as some children
without signs of neurodevelopmental impairment in early
childhood will have impairments that only manifest at school
age and may persist into adulthood [58].

The EPIPAGE study cohort found cognitive deficits in 31%
of surviving children at 8 years old [59]. People born prema-
turely have lower 1Q (approx. 0.82 SD), lower executive func-
tioning (0.51 SD), and lower processing speed (0.49 SD) than
term born controls [60¢]. Decreasing gestational age, decreas-
ing birth weight, neonatal complications, the presence of cere-
bral lesions, male gender, lack of breast feeding, and low so-
cioeconomic status contribute to cognitive deficits that persist
into early childhood and may not be ameliorated by interven-
tion programs outside of infancy [54¢, 57, 61-63]. Another
study found that birth at <32 weeks GA was associated with
poor kindergarten readiness for reading and math [64].

Learning difficulties have been identified in preterm chil-
dren even after correcting for 1Q. The Extremely Low
Gestational Age Newborn (ELGAN) cohort found at the 10-
year follow-up in children without intellectual disability (ver-
bal and nonverbal IQ > 70) low achievement in math was 27%
which was 1.5 times higher than the risk of low reading which
was 17%. This high rate of learning disability particularly in
mathematics was present even after socioeconomic status was
considered [65]. The highest level of education completed is
also affected; with decreasing GA at birth, there is an increas-
ing risk of having less than a high school education.

Attention Deficit Hyperactivity Disorder

Behavioral problems such as attention deficit hyperactivity
disorder (ADHD) are increased in very premature infants in
early childhood. These can substantially affect academic
achievement and social integration. As with other neurologi-
cal complications of prematurity, the lower the gestational
age, the higher the rate of ADHD [66]. Expression of symp-
toms in this population may have a higher risk for the inatten-
tive subtype of ADHD. The Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition (DSM-V) catego-
rizes ADHD as a neurodevelopmental disorder and allows the
diagnosis to be made in patients with comorbid autism.

The ELGAN cohort evaluated at 10 years was able to iden-
tify antenatal and postnatal risk factors for ADHD. Three ma-
ternal factors were identified: young age at time of delivery,
pre-pregnancy obesity, and pregnancy smoking. Additional
antecedents to ADHD found include antenatal magnesium
exposure which is thought to be a surrogate for pre-eclampsia,
male sex, singleton birth, receipt of sedative or antibiotic

medications, necrotizing enterocolitis, ventriculomegaly, pre-
threshold retinopathy of prematurity, and mechanical ventila-
tion on postnatal day 7 [67]. Children with ADHD with or
without intellectual disability are at high risk of academic
underachievement [68].

Language

Speech development and communication require a complex
interaction of auditory, social, motor, and cognitive skills, and
is dependent on the social environment in which the infant is
cared for. These factors are affected by premature birth and
result in language impairment that has early detectable signs
as well as long lasting effects. For infants born at <26 weeks
GA, 25% have language impairment in preschool years, while
1/3 are affected if born at <36 weeks GA [69]. Expressive
language is more impaired than receptive [70]. By 36 months,
gestational age at birth has less impact on cognition and re-
ceptive language compared to chronological age; however,
expressive language is still a function of degree of prematurity,
indicating that prematurity differentially affects various as-
pects of language development [71].

Development of communication starts with exposure to
voice, which as discussed above, can be limited in the
NICU, and confounded by exposure to other loud auditory
inputs. Interventions aimed at increasing voice exposure
may be beneficial. Exposure to maternal voice was observed
to increase the size of auditory cortex in premature infants
[26]. Language exposure between 32 and 36 weeks GA is
associated with improved developmental measures of 1Q and
language skills at 18 months [72¢].

The cerebral network correlates of abnormal language de-
velopment have been studied by neuroimaging. Functional
connectivity in language pathways is altered by preterm birth.
This pathway alteration persists into adulthood and correlates
with later language scores [73].

Mean diffusivity and fractional anisotropy at term equiva-
lent along the left superior temporal gyrus can predict lan-
guage skills at 2 years of age [74]. Deficits in simple language
skills tend to catch up in otherwise neurologically intact chil-
dren born prematurely, but deficits in complex language skills
lag further behind peers even as children reach high school
age [75]. There are persistent differences in cortical activation
pathways while listening to language in preterm adolescents
[76], specifically compared to full-term individuals, those
born preterm recruited more areas of frontal cortex in order
to comprehend difficult language tasks.

The risk of language delays is detectable in altered prever-
bal skills of joint attention and gaze following in preterm
infants who have later language delay [77]. Intervention early
with maternal voice may be important to maximize develop-
ment. Music therapy can facilitate infant-parent communica-
tion, relieve infant and caregiver stress, and improve feeding
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behavior [78-80]. Direct intervention aimed at preparing care-
givers can help as well because caregiver education and cog-
nitive ability are major factors in a child’s language develop-
ment after NICU discharge [81].

Social and Psychiatric Impairments

Several authors have described a “preterm behavioral pheno-
type” which includes a tendency toward internalizing traits
(anxiety, depression), inattention, and social difficulties [82].
Externalizing behaviors including aggression are also more
common in preterm born children [83]. Critical illness and
NICU care also alter parental interaction and may affect
longer-term parenting habits, which may contribute to altered
social development. Survivors of prematurity have a 3—4-fold
increased risk of psychiatric disorders, which emphasizes the
importance of screening in this population [84]. The traits of
this “preterm behavioral phenotype” are measurable from pre-
school age through adulthood [85¢, 86, 87]. The “preterm
personality” carries an increased risk of autism and psychiatric
disorders [88]. Psychiatric risk is also impacted by cognitive
impairment which is more common after preterm birth [89].

The neurologic basis for behavioral morbidity is an area of
active study and structural correlates have been identified.
Emotions of others are processed through a network involving
the amygdala and fusiform gyrus in the temporal lobe.
Preterm adolescents with difficulty with emotion-processing
have alterations in the fusiform gyrus and orbitofrontal cortex
[86]. Adults born preterm have difficulty recognizing anger
and this difficulty corresponds to altered connectivity between
the amygdala, temporal lobe, and parietal regions [90]. Gray
and white matter volume also correspond to 1Q, memory, and
executive function, all of which impact social cognition [7].

Early clues to impaired social and emotional development
can be seen in infants [91]. Impaired joint attention corre-
sponds to lower IQ and social skills [92]. While the early
visual experience of prematurity may result in accelerated
maturation of gaze control, preterm infants demonstrate less
visual fixation on social images than term infants and at times
avoid social gaze [93], which may be a function of impaired
attention [94]. “Theory of mind,” a concept that describes
one’s ability to assign goals and beliefs to one’s self and to
others, seems to be impaired by prematurity. Premature chil-
dren demonstrate less empathy [95] and more difficulty with
interpreting facial expression and body language [87].

The risk of autism spectrum disorder (ASD) in preterm
individuals is associated with decreasing gestational age,
growth restriction, and exposure to inflammatory states such
as maternal infection, with the greatest risk in infants born <
1500 g and < 28 weeks GA [96, 97]. IVH and requiring high-
frequency ventilation further increase the risk of ASD [98].
The prevalence of autism in the US population is 1.5% while
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the prevalence of autism in infants born 23-27 weeks GA is
7.1%, based on Autism Diagnostic Observation Scale criteria
[99¢]. The ASD phenotype in preterms may be different than
in the general population—preterms demonstrate a less strik-
ing male predominance of ASD, there is increased symptom
severity related to social skills [100], and preterms with autism
are also more likely to have lower IQ than full-term individ-
uals with autism (69.5 vs 74.6) [101].

While autism involves altered social interactions and may
be contributed to by perinatal inflammation, schizophrenia
shares many characteristics with ASD [102]. Several obstetric
conditions contribute to the risk of schizophrenia including
prematurity, infection, and pre-eclampsia—the latter two of
which are major causes of prematurity [103]. Mood disorders
(anxiety, depression, bipolar) are also more common in pre-
term individuals [82], although a recent study did not find this
risk persistent through adulthood [104].

Other Neurologic Complications

Other neurologic complications can occur more often after
preterm birth. Seizures are common in the neonatal period
with 5% of unselected preterm infants experiencing seizures
in the first 3 days of life [105¢]. Seizures during this time are
associated with IVH, death, and language delay at 2 years of
age [106]. The risk of epilepsy increases with increasing pre-
maturity. While the prevalence of epilepsy worldwide is 0.4—
1% [107], 7% of children born <28 weeks GA develop epi-
lepsy [60¢]. Preterm infants often receive steroids, which is
associated with a higher risk of febrile seizure [108].

IVH occurs in 25-30% of preterm infants and is a risk
factor for CP and hydrocephalus often requiring surgical in-
tervention [109+]. IVH in turn is associated with in utero fac-
tors including placental abruption and inflammation, both of
which lead to preterm birth [110e¢]. [VH may be reduced by
cesarean section delivery in very preterm babies [111].

Sleep may also be impacted by prematurity. In early pre-
term children, sleep habits were associated with earlier bed-
time, longer sleep onset latency, and longer sleep duration
[112]. Altered sleep was noted even in preterm children with-
out neurodevelopmental disability; however, sleep difficulties
increased with increasing neurodevelopmental disabilities.

Conclusion

While survival of our youngest infants is increasing,
neurodevelopmental impairments present a lifelong challenge
for a significant proportion of survivors. Studies are underway
to examine the mechanisms of altered neural development
which will aid in eventually developing better ways to prevent
and ameliorate long-term disability.
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